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Foreword

As we entrust the continuing editions of this textbook to
others, we reflect on the many rewards we have realized by
our participation in the previous editions. The personal re-
wards have been many but the more important result is the
positive impact that the previous printings have hopefully
had on students, colleagues who teach and/or practice pe-
diatric dentistry, and most importantly their patients.

The late Dr. Ralph E. McDonald (seated) with Dr. Jeffrey A. Dean (left) and Dr. David R. Avery

Dental technology has advanced immeasurably in the
50 years that these publications have been available. At
that time the efficacy of fluoridated dentifrices had re-
cently been recognized as a safe and effective adjunct to
dental caries prevention. Communal water fluoridation
was also relatively new. Both of these exceptional car-
ies prevention services were viewed skeptically by many.

Continued

(right), pictured with all nine editions of McDonald and Avery’s Dentistry for the Child and

Adolescent displayed on the desktop.
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xii Foreword

Today they are accepted by the majority of the scientific
community. Only 30 years ago dental amalgam was still
the mainstay of restorative dentistry, preformed and fes-
tooned stainless steel crowns had just been introduced,
and composite resins were in their infancy. Today the
crowns and esthetic materials dominate the restorative
services provided in pediatric dentistry. Similarly, signifi-
cant changes in the standards of care and the increased
level of our knowledge are reflected in every chapter of
this tenth edition.

The senior members of our profession recognize that
the technologic advancements and accepted practice
norms have dramatically changed our approach to patient
care over the past few decades. Virtually every aspect of
patient therapy has been affected. We also acknowledge
that the advancements are now growing exponentially.
However, the ultimate goal of providing the highest qual-
ity service to patients remains the same.

Although our publication goal has been to make a
positive contribution to our profession and ultimately to
its patients, no one has benefited from our efforts more
than we have. Regular new editions required us to update
our base of knowledge from additions in the scientific lit-
erature and from exchanging experiences with our col-
leagues, including students. Constructive suggestions and
criticisms from our colleagues have also strengthened the

textbook from one edition to the next. Other noteworthy
rewards for us have been the many hugs of appreciation
we have received from our own grateful patients as we
provided the care that we espoused.

Listing every individual who has helped us over the
years of these publications is impractical. Suffice it to say
that we are most appreciative to all our colleagues and
students, patients, friends, and family who have support-
ed our efforts in myriad ways.

Finally, we wish Godspeed to Drs. Dean, Jones, Vin-
son, and all other future contributors as they proceed
with this work of love. We have the utmost confidence in
their abilities to carry on.

Ralph E. McDonald, DDS, MS, LLD*
Dean Emeritus and Professor Emeritus of Pediatric
Dentistry
Indiana University School of Dentistry
Indianapolis, Indiana

David R. Avery, DDS, MSD
Ralph E. McDonald Professor Emeritus of Pediatric
Dentistry
Indiana University School of Dentistry and
James Whitcomb Riley Hospital for Children
Indianapolis, Indiana

*Unfortunately, Dr. McDonald passed away shortly after the
Foreword was written and only months prior to the first print-
ing of the tenth edition. We are all terribly saddened by this
loss and will miss him dearly.



Preface

With this publication of the textbook, we are entering a
historic milestone with the first “double digit” edition of
the title Dentistry for the Child and Adolescent. As 1 write
this, I am holding Dr. Ralph McDonald’s very first book
entitled Pedodontics: The Postgraduate Dental Lecture Series,
which he developed early in his career as a professor of
pediatric dentistry. This book was published by the CV
Mosby Company in 1963 and had 11 chapters, comple-
mented with 245 illustrations. The copy I am holding
in my hand was Dr. McDonald’s personal copy and has
many handwritten entries in it. What a treasure!

Although his 1963 first text is known by a different title,
it clearly is the foundation of our current series. In fact, all
11 chapter titles in this 1963 edition can be found in some
form or another in the current text. As you may have no-
ticed, this therefore represents the 50th celebratory an-
niversary for this classic pediatric dentistry textbook. Dr.
McDonald and Dr. David Avery, who joined him in writ-
ing the last seven editions, certainly have left their mark
on our specialty with this work, and it’s a unique honor
and pleasure for me to be able to help continue the series
now and hopefully into the future. One can certainly re-
flect on the perhaps millions of children who these two
grand gentlemen were able to directly assist by continu-
ing to provide the latest theories, research, concepts, and
techniques to practitioners around the world.

So what changes have we made to this edition? First
and foremost is the bowing out of both Drs. McDonald
and Avery as editors of the book. While I stayed in regu-
lar communications with them during the production,
they were not actively engaged in writing or editing. Their
involvement was definitely missed by me. In addition,
many other contributors have moved on with retirements
and other life transitions and are no longer involved.
Although we are all sad to see them go, their departure
opened up exciting opportunities for new expert contribu-
tors to become involved. And I can say, I was very fortu-
nate to successfully recruit wonderful new authors.

In addition to all of the new contributors to the text,
as well as the electronic version having questions and
answers with each chapter, we have also included a case
study or two for each chapter, as well as 10 video vi-
gnettes to enhance the learning experience for students.
These are significant improvements that we hope you will
find most enjoyable. They are available on the Elsevier
Evolve website.

Whereas [ am very pleased to point out that we have
rearranged the text into five major areas of focus, I hope
that you will notice that the same excellent chapter titles
are promulgated in this tenth edition. The new five ar-
eas of focus will help the practitioner and student as they
organize their thinking and practice around these con-
cepts. In addition to this new organization, we continue
to attempt to replace all illustrations with color and have
made significant improvements in this area.

The fundamental essence of the textbook is retained,
such that the information contained herein remains rel-
evant to the contemporary science and practice of pe-
diatric dentistry. It is designed to help predoctoral and
postdoctoral pediatric dental students provide efficient
and superior comprehensive oral health care to infants,
children, teenagers, and medically compromised patients.
It also provides experienced dentists with reference infor-
mation regarding new developments and techniques.

Once again, please join me in celebrating the fiftieth
anniversary of this textbook series! In assuming the role
of editor, I hope I have done justice to the previous work
of both Drs. McDonald and Avery. I look forward to re-
ceiving feedback from you as you have a chance to peruse
the book and as we look forward to continuing the tradi-
tion of excellence in pediatric dental education and prac-
tice. My sincerest appreciation to all of our past author
contributors—and especially to our continuing and our
new author contributors—for all of their dedication and
work on this anniversary edition!

Jeffrey A. Dean
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DIAGNOSES

Examination of the Mouth
and Other Relevant Structures
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TEMPOROMANDIBULAR
EVALUATION

of Use

EMERGENCY DENTAL TREATMENT

A dentist is traditionally taught to perform a complete
oral examination of the patient and to develop a treat-
ment plan based on the examination findings. The
dentist then makes a case presentation to the patient or
parents, outlining the recommended course of treatment.
This process should include the development and presen-
tation of a prevention plan that outlines an ongoing com-
prehensive oral health care program for the patient and
establishment of the “dental home.”

The plan should include recommendations designed to
correct existing oral problems (or halt their progression)
and to prevent anticipated future problems. It is essential
to obtain all relevant patient and family information, to
secure parental consent, and to perform a complete ex-
amination before embarking on this comprehensive oral
health care program for the pediatric patient. Anticipatory
guidance is the term often used to describe the discussion
and implementation of such a plan with the patient and/
or parents. The American Academy of Pediatric Dentistry
has published guidelines! concerning the periodicity of
examination, preventive dental services, and oral treat-
ment for children as summarized in Table 1-1.

Each pediatric patient should be given an opportunity
to receive complete dental care. The dentist should not

UNIFORM DENTAL RECORDING

RADIOGRAPHIC EXAMINATION

EARLY EXAMINATION

INFANT DENTAL CARE

DETECTION OF SUBSTANCE ABUSE
Etiologic Factors in Substance Abuse
Specific Substances and Frequency

SUICIDAL TENDENCIES IN CHILDREN
AND ADOLESCENTS

INFECTION CONTROL IN THE
DENTAL OFFICE
Biofilm

EMERGENCY DENTAL TREATMENT

attempt to decide what the child, the parents, or a third-
party agent will accept or can afford. If parents reject a
portion or all of the recommendations, the dentist has at
least fulfilled the obligation of educating the child and the
parents about the importance of the recommended pro-
cedures. Parents with even moderate income usually find
the means to have oral health care performed if the dentist
explains that the child’s future oral health and even gen-
eral health are related to the correction of the oral defects.

INITIAL PARENTAL CONTACT WITH
THE DENTAL OFFICE

We most often think of parents’ first contact with the
dental office as being by telephone. This initial conversa-
tion between the parent and the office receptionist is very
important. It provides the first opportunity for the recep-
tionist to attend to the parents’ concerns by pleasantly
and concisely responding to questions and by offering an
office appointment. The receptionist must have a warm,
friendly voice and the ability to communicate clearly. The
receptionist’s responses should assure the parent that the
well-being of the child is the chief concern.

The information recorded by the receptionist during
this conversation constitutes the initial dental record for
the patient. Filling out a patient information form is a

1



2 Chapter 1 = Examination of the Mouth and Other Relevant Structures

Table 1-1

Recommendations for Pediatric Oral Health Assessment, Preventive Services, and Anticipatory
Guidance/Counseling

Since each child is unique, these recommendations are designed for the care of children who have no contributing
medical conditions and are developing normally. These recommendations will need to be modified for children with
special health care needs or if disease or trauma manifests variations from normal. The American Academy of Pediatric
Dentistry (AAPD) emphasizes the importance of very early professional intervention and the continuity of care based
on the individualized needs of the child. Refer to the text of this guideline for supporting information and references.
Refer to the text in the Guidelines on Periodicity of Examinations, Preventive Dental Services, Anticipatory Guidance,
and Oral Treatment for Infants, Children, and Adolescents (www.aapd.org/media/Policies_Guidelines/G_Periodicity
.pdf) for supporting information and references.

AGE
American Academy of Pediatric Dentistry 6to12 12 to 24 2t06 6to12 12 years
months months years years and older
Clinical oral examination! o o o ° o
Assesses oral growth and development? o . . . .
Caries-risk assessment? o . . o .
Radiographic assessment* o o o ° o
Prophylaxis and topical fluoride®+* o . o o .
Fluoride supplementation® . o o . o
Anticipatory guidance/counseling® o o o . o
Oral hygiene counseling” Parent Parent Patient/ Patient/ Patient
parent parent
Dietary counseling® . . o o .
Injury prevention counseling® . ° . . °
Counseling for nonnutritive habits'® o . o o .
Counseling for speech/language development o J o o .
Assessment and treatment of developing . o .
malocclusion
Assessment for pit and fissure sealants'! o o .
Substance abuse counseling o .
Counseling for intraoral/perioral piercing . .
Assessment and/or removal of third molars ]
Transition to adult dental care ]

TFirst examination at the eruption of the first tooth and no later than 12 months. Repeat every 6 months or as indicated by child’s risk status/
susceptibility to disease. Includes assessment of pathology and injuries.

2By clinical examination.

3Must be repeated regularly and frequently to maximize effectiveness.

4Timing, selection, and frequency determined by child’s history, clinical findings, and susceptibility to oral disease.

5Consider when systemic fluoride exposure is suboptimal. Up to at least 16 years of age or later in high-risk patients.

6Appropriate discussion and counseling should be an integral part of each visit for care.

“Initially, responsibility of parent; as child matures, jointly with parent; then, when indicated, only child.

8At every appointment; initially discuss appropriate feeding practices, followed by the role of refined carbohydrates and frequency of snacking
in caries development and childhood obesity.

“Initially for play objects, pacifiers, car seats; then while learning to walk; and then with sports and routine playing, including the importance
of mouthguards.

10At first, discuss the need for additional sucking: digits vs. pacifiers; then the need to wean from the habit before malocclusion or skeletal
dysplasia occurs. For school-aged children and adolescent patients, counsel regarding any existing habits such as fingernail biting, clenching,
or bruxism.

1For caries-susceptible primary molars, permanent molars, premolars, and anterior teeth with deep pits and fissures; placed as soon as pos-
sible after eruption.
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Chapter 1

convenient method of collecting the necessary initial in-
formation. Of course, most dental practices are moving
toward online, website-driven information and comple-
tion of patient forms for use even before a parent calls an
office for an appointment or schedules an appointment
online. Practices need to make accommodations to their
patient information systems to manage these very pro-
ductive changes.

THE DIAGNOSTIC METHOD

Before making a diagnosis and developing a treatment
plan, the dentist must collect and evaluate the facts asso-
ciated with the patient’s or parents’ chief concern and any
other identified problems that may be unknown to the
patient or parents. Some pathognomonic signs may lead
to an almost immediate diagnosis. For example, obvious
gingival swelling and drainage may be associated with a
single, badly carious primary molar. Although these as-
sociated facts are collected and evaluated rapidly, they
provide a diagnosis only for a single problem area. On
the other hand, a comprehensive diagnosis of all of the
patient’s problems or potential problems may sometimes
need to be postponed until more urgent conditions are re-
solved. For example, a patient with necrotizing ulcerative
gingivitis or a newly fractured crown needs immediate
treatment, but the treatment will likely be only palliative,
and further diagnostic and treatment procedures will be
required later.

The importance of thorough collection and evaluation
of the facts concerning a patient’s condition cannot be
overemphasized. A thorough examination of the pediat-
ric dental patient includes an assessment of the following:
e General growth and health
e Chief complaint, such as pain
e Extraoral soft tissue and temporomandibular joint

evaluation
e Intraoral soft tissue
e Oral hygiene and periodontal health
e Intraoral hard tissue
e Developing occlusion
e Caries risk
e Behavior

Additional diagnostic aids are often also required, such
as radiographs, study models, photographs, pulp tests,
and, infrequently, laboratory tests. In certain unusual
cases, all of these diagnostic aids may be necessary before
a comprehensive diagnosis can be made. Certainly no
oral diagnosis can be complete unless the diagnostician
has evaluated the facts obtained by medical and dental
history taking, inspection, palpation, exploration (if teeth
are present), and often imaging (e.g., radiographs). For a
more thorough review of evaluation of the dental patient,
refer to the chapter by Glick, Greenberg, and Ship in Bur-
ket’s Oral Medicine.?

PRELIMINARY MEDICAL AND DENTAL
HISTORY

It is important for the dentist to be familiar with the med-
ical and dental history of the pediatric patient. Familial
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history may also be relevant to the patient’s oral condi-
tion and may provide important diagnostic information
in some hereditary disorders. Before the dentist examines
the child, the dental assistant can obtain sufficient in-
formation to provide the dentist with knowledge of the
child’s general health and can alert the dentist to the need
for obtaining additional information from the parent or
the child’s physician. The form illustrated in Figure 1-1
can be completed by the parent. However, it is more
effective for the dental assistant to ask the questions
informally and then to present the findings to the den-
tist and offer personal observations and a summary of the
case. The questions included on the form will also pro-
vide information about any previous dental treatment.

Information regarding the child’s social and psycho-
logical development is important. Accurate information
reflecting a child’s learning, behavioral, or communica-
tion problems is sometimes difficult to obtain initially,
especially when the parents are aware of their child’s de-
velopmental disorder but are reluctant to discuss it. Be-
havior problems in the dental office are often related to
the child’s inability to communicate with the dentist and
to follow instructions. This inability may be attributable
to a learning disorder. An indication of learning disor-
ders can usually be obtained by the dental assistant when
asking questions about the child’s learning process; for
example, asking a young school-aged child how he or she
is doing in school is a good lead question. The questions
should be age-appropriate for the child.

If a young child was hospitalized previously for gener-
al anesthetic and surgical procedures, it should be noted.
Hospitalization and procedures involving general anes-
thesia can be a traumatic psychological experience for a
preschool child and may sensitize the youngster to proce-
dures that will be encountered later in a dental office.? If
the dentist is aware that a child was previously hospital-
ized or that the child fears strangers in clinic attire, the
necessary time and procedures can be planned to help the
child overcome the fear and accept dental treatment.

Occasionally, when the parents report significant dis-
orders, it is best for the dentist to conduct the medical
and dental history interview. When the parents meet
with the dentist privately, they are more likely to discuss
the child’s problems openly, and there is less chance for
misunderstandings regarding the nature of the disorders.
In addition, the dentist’s personal involvement at this
early time strengthens the parents’ confidence. When an
acute or chronic systemic disease or anomaly is indicated,
the dentist should consult the child’s physician to learn
the status of the condition, the long-range prognosis, and
the current drug therapy.

When a patient’s medical and dental history is record-
ed, the presence of current illnesses or history of relevant
disorders signals the need for special attention. In addi-
tion to consulting the child’s physician, the dentist may
decide to record additional data concerning the child’s
current physical condition, such as blood pressure, body
temperature, heart sounds, height and weight, pulse, and
respiration. Before treatment is initiated, certain labo-
ratory tests may be indicated, and special precautions
may be necessary. A decision to provide treatment in a
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PEDIATRIC DENTISTRY ASSOCIATES ) )
Riley Hospital for Children IU Health | ROC | Pediatric Dentistry DOB: EDR:
705 Riley Hospital Drive, Room #4205
Indianapolis, IN 46202-5109 f‘;‘ . NA:
317.944.3865 office | 317.944.9653 fax i § ‘}
www.pediatricdentistryassociates.org .- LC: DATE:

MEDICAL / DENTAL HISTORY

Patient Name: Birth Date: Gender: OFemale OMale
City & State of Birth: Race: Height: Weight
Primary Care Physician: Previous Dentist:
Physician Address: Dentist Phone:
Physician Phone: Last Dental Visit:
Date of Last Medical Exam: Last Dental X-rays:

Dental History:

What is the primary reason for today’s visit?
Is patient in pain? Oves ONO Explain:
Has patient had an injury to the mouth, teeth, or jaw? LOYES CONO  Explain:

What is patient’s primary water source: [ Private Well [ City Water, City Name: OOther:

Was/is patient O Breastfed or [ Bottle-fed Until what age? Breastfed: Bottle-fed:

How often does patient brush teeth? Owith Help  Owithout Help How often does patient floss?
Does patient...

Yes / No Yes / No Yes / No

O O Suck Thumb/Fingers O O Bite/Chew Finger Nails O 0O clench/Grind Teeth
O O Use Pacifier O O Have Speech Issues O O Mouth Breather

Medical History:

Is patient currently under the care of a doctor? Ovyes ONO Explain:

Does patient have allergies? Oyves 0ONO Explain:

Is patient taking medications? Ovyes ONO Please list all medications and natural remedies. Additional items may be listed on the back
Medication Name: Dose: Frequency of Use:

Has patient had surgery or been hospitalized? Oves [0ONO
Hospital Facility: When: Reason:

Does patient have / or had any of the following:

Yes / No Yes / No Yes / No

O O Congenital Heart Defect/Disease O O Visual/Hearing Impairment O O Failure to Thrive

O O Heart Surgery O O Abnormal Bleeding Issues O O Eating Disorders

O O Heart Murmur O O Sickle Cell Trait/Disease O O BornPrematurely

O O High Blood Pressure O O Hemophilia O O Immunizations

O O Rheumatic Fever O O Anemia O O HepatitisA, B, C

O O Asthma/Breathing Issues O O Kidney Problems O O Blood/Blood Product Transfusion
O O Cerebral Palsy O 0O LiverProblems O 0O HIV/AIDS

O O Seizures/Convulsions/Epilepsy O O Diabetes O O Varicella Vaccine / Chicken Pox
O O Learning/Communication Problems O O Muscle/Joint/Bone Problems O O TB/Tuberculosis

O O Autism O O Thyroid/Glandular Problems O O MRSA

O O ADD/ADHD O O Skin Problems / Hives / Cold Sores O O Limited Mobility

| affirm that the information provided above is correct to the best of my knowledge. It will be held in confidence and it is my responsibility to inform this
office if there is a change in the health history of this patient. | authorize the release of this information to additional healthcare providers as is necessary for
the dental treatments of this patient.

Guardian Signature: Relationship to Patient:
Resident Signature: Date: Time:

Form #UPDDR217 Rev. 12/2013

. . - INDIANA UNIVERSITY
Riley Hospital for Childrem SCHOOL OF DENTISTRY

Indiana University Health Usiversity Pediatric Deatistry Assaciste

Figure 1-1 Form used in completing the preliminary medical and dental history. (Printed with permission from Indiana Univer-
sity-University Pediatric Dentistry Associates.)
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hospital that possibly involves general anesthesia may be
appropriate.

The dentist and the staff must also be alert to identify po-
tentially communicable infectious conditions that threat-
en the health of the patient and others. Knowledge of the
current recommended childhood immunization schedule
is helpful. It is advisable to postpone nonemergency den-
tal care for a patient exhibiting signs or symptoms of acute
infectious disease until the patient recovers. Further dis-
cussions of management of dental patients with special
medical, physical, or behavioral problems are presented in
Parts IIl and V.

The pertinent facts of the medical history can be trans-
ferred to the oral examination record (Fig. 1-2) for easy
reference by the dentist. A brief summary of important
medical information serves as a convenient reminder to
the dentist and the staff, who will refer to this chart at
each treatment visit.

The patient’s dental history should also be summa-
rized on the examination chart. This should include
a record of previous care in the dentist’s office and the
facts related by the patient and parent(s) regarding previ-
ous care, if any, in another office. Information concern-
ing the patient’s current oral hygiene habits and previous
and current fluoride exposure helps the dentist develop
an effective dental disease prevention program. For ex-
ample, if the family drinks well water, a sample may be
sent to a water analysis laboratory to determine the fluo-
ride concentration.

CLINICAL EXAMINATION

Most facts needed for a comprehensive oral diagnosis
in the young patient are obtained by thorough clinical
and radiographic examination. In addition to examin-
ing the oral cavity structures, the dentist may in some
cases wish to note the patient’s size, stature, gait, or in-
voluntary movements. The first clue to malnutrition may
come from observing a patient’s abnormal size or stature.
Similarly, the severity of a child’s illness, even if oral in
origin, may be recognized by observing a weak, unsteady
gait of lethargy and malaise as the patient walks into the
office. All relevant information should be noted on the
oral examination record (see Fig. 1-2), which becomes a
permanent part of the patient’s chart.

The clinical examination, whether the first examination
or a regular recall examination, should be all-inclusive.
The dentist can gather useful information while getting
acquainted with a new patient. Attention to the patient’s
hair, head, face, neck, and hands should be among the first
observations made by the dentist after the patient is seated
in the chair.

The patient’s hands may reveal information pertinent
to a comprehensive diagnosis. The dentist may first detect
an elevated temperature by holding the patient’s hand.
Cold, clammy hands or bitten fingernails may be the first
indication of abnormal anxiety in the child. A callused or
unusually clean digit suggests a persistent sucking habit.
Clubbing of the fingers or a bluish color in the nail beds
suggests congenital heart disease, which may require spe-
cial precautions during dental treatment.
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Inspection and palpation of the patient’s head and
neck are also indicated. Unusual characteristics of the hair
or skin should be noted. The dentist may observe signs of
problems such as head lice (Fig. 1-3), ringworm (Fig. 1-4),
or impetigo (Fig. 1-5) during the examination. Proper re-
ferral is indicated immediately, because these conditions
are contagious. After the child’s physician has supervised
treatment to control the condition, the child’s dental ap-
pointment may be rescheduled. If a contagious condition
is identified but the child also has a dental emergency, the
dentist and the staff must take appropriate precautions to
prevent spread of the disease to others while the emergen-
cy is alleviated. Further treatment should be postponed
until the contagious condition is controlled.

Variations in the size, shape, symmetry, or function
of the head and neck structures should be recorded.
Abnormalities of these structures may indicate various syn-
dromes or conditions associated with oral abnormalities.

TEMPOROMANDIBULAR EVALUATION

Okeson* published a special report on temporomandibu-
lar disorders in children. Okeson indicated that, although
several studies included children 5 to 7 years of age, most
observations have been made in young adolescents. Stud-
ies have placed the findings into the categories of symp-
toms or signs—those reported by the child or parents and
those identified by the dentist during the examination.
Prevalence of signs and symptoms increases with age and
may occur in 30% of patients.

One should evaluate temporomandibular joint (TM])
function by palpating the head of each mandibular
condyle and by observing the patient while the mouth
is closed (teeth clenched), at rest, and in various open
positions (Fig. 1-6, A, B). Movements of the condyles or
jaw that do not flow smoothly or that deviate from the
expected norm should be noted. Similarly, any crepitus
that may be heard or identified by palpation as well as
any other abnormal sounds should be noted. Sore mas-
ticatory muscles may also signal TMJ dysfunction. Such
deviations from normal TMJ function may require further
evaluation and treatment. There is a consensus that tem-
poromandibular disorders in children can be managed
effectively by the following conservative and reversible
therapies: patient education, mild physical therapy, be-
havioral therapy, medications, and occlusal splints.®

Discussion of the diagnosis and treatment of complex
TM]J disorders is available from many sources; we suggest
Okeson'’s Management of Temporomandibular Disorders and
Occlusion (2013).6

The extraoral examination continues with palpation of
the patient’s neck and submandibular area (see Fig. 1-6,
C, D). Again, deviations from normal, such as unusual
tenderness or enlargement, should be noted and follow-
up tests performed or referrals made as indicated.

If the child is old enough to talk, speech should be
evaluated. The positions of the tongue, lips, and perioral
musculature during speech, while swallowing, and at rest
may provide useful diagnostic information.

The intraoral examination of a pediatric patient should
be comprehensive. There is a temptation to look first for
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| INDIANA UNIVERSITY

‘ SCHOOL OF DENTISTRY
1UPUL

UNIVERSITY PEDIATRIC DENTISTRY ASSOCIATES
Riley Hospital for Children = Outpatient Center = Dental MSA

702 Barnhill Drive, Room #4205

Indianapolis, IN 46202-5200

(317) 274-3865 « (317) 274-9653 Fax

Patient Name:

DOB

Place Patient Label Here

Last First Mi

Record #:

ORAL EXAMINATION RECORD

Address: Same [] New []

**** New address and/or phone number must be noted here and updated in practice software.

Telephone: Same[ ] New[ ]

MEDICAL Last History Completed: Update Due: Weight:
HISTORY
SUMMARY Current Medication Status & Medication Usage:
DENTAL Date of Last Exam: Last Radiographs: B.W.: A.O.: PA. F.M.:
HISTORY
SUMMARY Appliances: Last Cemented: Last Replaced:
Description of Present Problem:
Summary of Prior Treatment:
EXTRA- Head: Neck:
ORAL
FINDINGS Face: Lips: Hands:
INTRA- Palate and Oropharynx: Airway: I o um 1w
ORAL
FINDINGS Tongue and Floor of Mouth: Buccal Mucosa:
Frena: Gingivae and Periodontium:
Facial Profile:
Molar Relationship: Incisor Relationship:
PRIMARY (Terminal Plane):R L PERMANENT: R L Overjet mm
Straight O d Molar Overbite %
Mes. Step O O End to End O d Openbite mm
Dist. Step o g Class _
Primate Space O d Canine Arch Length: (General Impression)
OCCLUSION Canine Relationship ___ Maxilla Mandible
REVIEW Relationship _ Adequate [] Adequate []
Inadequate [] Inadequate []
Midline:  Normal [0 Deviated [
Maxilla mm R[] L[ Eruption Sequence & Timimg:
Mandible mm R L Normal [0 Descrbe [
Mandibular:
shit RCI L Ant.[J mm
TMJ and Function:
Opening Path: ~ Normal [0 Deviated [ Joint Sounds:  None Left  Right
Closing Path: Normal [ Deviated [ Opening O O |
Opening: ___mm Normal [  Limited O Closing O Od O
Crepitus O o 0O
Muscle Tenderness:
Tongue Function: Supernumerary Teeth/ Congenitally Missing Teeth:
Crossbite: Ectopic Eruption:
Oral Habits: Other Anomalies:
Analysis Recommended: YES[] No[]

Figure 1-2 Chart used to record the oral findings and the treatment proposed for the pediatric patient. (Printed with
permission from Indiana University—University Pediatric Dentistry Associates.)
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University Pediatric Dentistry Associates 702 Barnhill Drive RM #4205 « Indianapolis IN 46202-5200 + (317) 274-3865 + (317) 274-9653 Fax

Patient Name:
ORAL EXAM RECORD )
Date of Birth: __

HARD TISSUE EXAMINATION

Clinical Radiographic Clinical

ACT#:

Radiographic

16

15

14

O N A WN =

26

N
~

28

0 XOTVMU O wW>
N
(&)}
ArEZ0MO I —«

29

30 19
31 18
32 17
Prior Score: Behavior:
Fluoride Status: Eruption sequence:
Brushing / Flossing: Occlusion:
Habits:
Periodontal: Caries:

Periodontal Screening Caries Risk Assessment:

OLow [OModerate [High

& Recording: | |
Upper Right TREATMENT PROPOSED Upper Left
Lower Right Lower Left

Treatment sequence, additional notations:
1
2
3.
4
5

Instructions given:

Assistant Resident

Figure 1-2, cont’d

Faculty Instructor
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| \ & _
Figure 1-3 Evidence of head lice infestation. Usually the
insects are not seen, but their eggs or nits cling to hair
filaments until they hatch. (Courtesy Dr. Hala Henderson.)

“" , i p,' 5
Figure 1-4 Lesion on the forehead above the left eyebrow
is caused by ringworm infection. Several fungal species
may cause lesions on various areas of the body. The dentist
may identify lesions on the head, face, or neck of a patient
during a routine clinical examination. (Courtesy Dr. Hala
Henderson.)

obvious carious lesions. Although controlling carious le-
sions is important, the dentist should first evaluate the
condition of the oral soft tissues and the status of the de-
veloping occlusion. If the soft tissues and the occlusion
are not observed early in the examination, the dentist
may become so engrossed in charting carious lesions and
in planning for their restoration that other important
anomalies in the mouth are overlooked. In addition, any
unusual breath odors and abnormal quantity or consis-
tency of saliva should also be noted.

The buccal tissues, lips, floor of the mouth, palate, and
gingivae should be carefully inspected and palpated (Fig.
1-7). The use of the periodontal screening and recording
program (PSR) is often a helpful adjunct when working
with children. PSR is designed to facilitate early detec-
tion of periodontal diseases with a simplified probing
technique and minimal documentation. Clerehugh and
Tugnait’ recommend initiation of periodontal screening
in children following eruption of the permanent inci-
sors and the first molars. They suggest routine screening
in these children at the child’s first appointment and at
regular recare appointments so that periodontal problems
are detected early and treated appropriately. Immunode-
ficient children are especially vulnerable to early loss of
bone support.

A more detailed periodontal evaluation is occasionally
indicated, even in young children. Periodontal disorders
of children are discussed further in Chapter 14.

The tongue and oropharynx should be closely inspect-
ed. Enlarged tonsils accompanied by purulent exudate
may be the initial sign of a streptococcal infection, which
can lead to rheumatic fever. When streptococcal throat
infection is suspected, immediate referral to the child’s
physician is indicated. In some cases it may be helpful to
the physician and convenient for the dentist to obtain
a throat culture specimen while the child is still in the
dental office, which contributes to an earlier definitive di-
agnosis of the infection. The diagnosis and treatment of
soft tissue problems are discussed throughout this book
(see Chapters 3, 27, and 28.)

After thoroughly examining the oral soft tissues, the
dentist should inspect the occlusion and note any dental
or skeletal irregularities. The dentition and resulting occlu-
sion may undergo considerable change during childhood
and early adolescence. This dynamic developmental pro-
cess occurs in all three planes of space, and with periodic
evaluation the dentist can intercept and favorably influ-
ence undesirable changes. The patient’s facial profile and
symmetry; molar, canine, and anterior segment relation-
ships; dental midlines; and relation of arch length to tooth
mass should be routinely monitored in the clinical exami-
nation. More detailed evaluation and analysis are indicat-
ed when significant discrepancies are found during critical
stages of growth and development. Diagnostic casts and
cephalometric analyses may be indicated relatively early in
the mixed-dentition stage and sometimes in the primary
dentition. Detailed discussions of analyses of developing
occlusions and interceptive treatment recommendations
are presented in Chapters 20, 21, and 22.

Finally, the teeth should be inspected carefully for
evidence of carious lesions and hereditary or acquired
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Figure 1-5 Characteristic lesions of impetigo on the lower face (A) and on the right ear (B). These lesions occur on various
skin surfaces, but the dentist is most likely to encounter them on upper body areas. The infections are of bacterial (usually
streptococcal) origin and generally require antibiotic therapy for control. The child often spreads the infection by scratching

the lesions. (Courtesy Dr. Hala Henderson.)

Figure 1-6 A and B, Observation and palpation of temporomandibular joint function. € and D, Palpation of the neck and
submandibular areas.
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Figure 1-7 Inspection and palpation of the buccal tissues (A), the lips (B), and the floor of the mouth (C).

anomalies. The teeth should also be counted and identi-
fied individually to ensure that supernumerary or miss-
ing teeth are recognized. Identification of caries lesions is
important in patients of all ages but is especially critical
in young patients because the lesions may progress rap-
idly in early childhood if not controlled. Eliminating the
etiology of the caries activity, preventive management of
the caries process, and restoration of cavitated lesions will
prevent pain and the spread of infection and will contrib-
ute to the stability of the developing occlusion.

Since it is preferable for the dentist to perform the
clinical examination of a new pediatric patient before
the radiographic and prophylaxis procedures, it may be
necessary to correlate radiographic findings or other ini-
tially questionable findings with the findings of a second
brief oral examination. This is especially true when the
new patient has poor oral hygiene. Detailed inspection
and exploration of the teeth and soft tissues cannot be
performed adequately until the mouth is free of extrane-
ous debris.

During the clinical examination for carious lesions,
each tooth should be dried individually and inspected
under a good light. A definite routine for the examination
should be established. For example, a dentist may always

start in the upper right quadrant, work around the max-
illary arch, move down to the lower left quadrant, and
end the examination in the lower right quadrant. Mor-
phologic defects and incomplete coalescence of enamel
at the bases of pits and fissures in molar teeth can often
be detected readily by visual and explorer examination
after the teeth have been cleaned and dried. The decision
whether to place a sealant or to restore a defect depends
on the patient’s history of dental caries, the parents’
or patient’s acceptance of a comprehensive preventive
dentistry program (including dietary and oral hygiene
control), and the patient’s dependability in returning for
recare appointments.

In patients with severe dental caries, caries activity
tests and diet analysis may contribute to the diagnos-
tic process by helping define specific etiologic factors.
These procedures probably have an even greater value in
helping the patient and/or parents understand the car-
ies disease process and in motivating them to make the
behavioral changes needed to control the disease. The in-
formation provided to them should include instruction
in plaque control and the appropriate recommendations
for fluoride exposure. Dental caries susceptibility, the car-
ies disease process, caries activity tests, diet analysis, and
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caries control are discussed in Chapter 9. Plaque control
procedures and instructions are detailed in Chapter 7.

The dentist’s comprehensive diagnosis depends on
the completion of numerous procedures but requires a
thorough, systematic, and critical clinical examination.
Any deviation from the expected or desired size, shape,
color, and consistency of soft or hard tissues should be de-
scribed in detail. The severity of associated problems and
their causes must be clearly identified to the patient or
parents before a comprehensive oral health care program
can be expected to succeed.

During the initial examination and at subsequent
appointments, the dentist and auxiliary staff members
should be alert to signs and symptoms of child abuse and
neglect. These problems are increasing in prevalence,
and the dentist can play an important role in detecting
their signs and symptoms; Chapter 6 is devoted to this
subject.

UNIFORM DENTAL RECORDING

Many different tooth-charting systems are currently in
use, including the universal system illustrated in the hard
tissue examination section of Figure 1-2. This system of
marking permanent teeth uses the numbers 1 to 32, be-
ginning with the upper right third molar (No. 1) and
progressing around the arch to the upper left third molar
(No. 16), down to the lower left third molar (No. 17), and
around the arch to the lower right third molar (No. 32).
The primary teeth are identified in the universal system
by the first 20 letters of the alphabet, A through T.

The Fédération Dentaire Internationale’s Special Com-
mittee on Uniform Dental Recording has specified the
following basic requirements for a tooth-charting system:
. Simple to understand and teach
. Easy to pronounce in conversation and dictation
. Readily communicable in print and by wire
. Easy to translate into computer input
. Easily adaptable to standard charts used in general

practice

The committee found that only one system, the two-
digit system, seems to comply with these requirements.
According to this system, the first digit indicates the
quadrant and the second digit the type of tooth within
the quadrant. Quadrants are allotted the digits 1 to 4 for
the permanent teeth and S to 8 for the primary teeth in a
clockwise sequence, starting at the upper right side; teeth
within the same quadrant are allotted the digits 1 to 8
(primary teeth, 1 to 5) from the midline backward. The
digits should be pronounced separately; thus the perma-
nent canines are teeth one-three, two-three, three-three,
and four-three.

In the “Treatment Proposed” section of the oral ex-
amination record (see Fig. 1-2), the individual teeth that
require restorative procedures, endodontic therapy, or
extraction are listed. Gingival areas requiring follow-up
therapy are also noted. A checkmark can be placed be-
side each listed tooth and procedure as the treatment is
completed. Additional notations concerning treatment
procedures completed and the date are recorded on sup-
plemental treatment record pages.
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RADIOGRAPHIC EXAMINATION

When indicated, radiographic examination for children
must be completed before a comprehensive oral health
care plan can be developed, and subsequent radiographs
are required periodically to enable detection of incipient
caries lesions or other developing anomalies.

A child should be exposed to dental ionizing radiation
only after the dentist has determined that radiography
is necessary to make an adequate diagnosis for the indi-
vidual child at the time of the appointment.

Obtaining isolated occlusal, periapical, or bite-wing
films is sometimes indicated in very young children (even
infants) because of trauma, toothache, suspected devel-
opmental disturbances, or proximal caries. It should be
remembered that carious lesions appear smaller on radio-
graphs than they actually are.

As early as 1967, Blayney and Hill® recognized the im-
portance of diagnosing incipient proximal carious lesions
with the appropriate use of radiographs. If the pediatric
patient can be motivated to adopt a routine of good oral
hygiene supported by competent supervision, many of
these initial lesions can be arrested.

Radiographic techniques for the pediatric patient are
described in detail in Chapter 2.

EARLY EXAMINATION

Historically, dental care for children has been designed
primarily to prevent oral pain and infection, occurrence
and progression of dental caries, premature loss of pri-
mary teeth, loss of arch length, and development of an
association between fear and dental care. The dentist is re-
sponsible for guiding the child and parents, resolving oral
disorders before they can affect health and dental align-
ment, and preventing oral disease. The goals of pediatric
dental care are therefore primarily preventive. The den-
tist’s opportunity to conduct an initial oral examination
and parental consultation during the patient’s infancy is
a key element in achieving and maintaining these goals.

Some dentists, especially pediatric dentists, like to
counsel expectant parents before their child is born. They
consider it appropriate to discuss with expectant mothers
the importance of good nutrition during pregnancy and
practices that can influence the expected child’s general
and dental health.

It is also appropriate to inquire about medication that
the expectant mother is taking. For example, prolonged
ingestion of tetracyclines may result in discolored, pig-
mented, and even hypoplastic primary teeth.

The expectant mother should be encouraged to visit
her dentist and to have all caries lesions restored. The
presence of active dental caries and accompanying high
levels of Streptococcus mutans can lead to transmission by
the mother to the infant and may be responsible for the
development of caries lesions at a very early age.

It is not intended that the pediatric dentist usurp the
responsibility of the expectant mother’s physician in rec-
ommending dietary practices; rather, the dentist should
reinforce good nutritional recommendations provided by
medical colleagues.
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INFANT DENTAL CARE

The infant oral health care visit should be seen as the
foundation on which a lifetime of preventive education
and dental care can be built to help ensure optimal oral
health into childhood. Oral examination, anticipatory
guidance including preventive education, and appropri-
ate therapeutic intervention for the infant can enhance
the opportunity for a lifetime of freedom from prevent-
able oral disease. The 2013 American Academy of Pedi-
atric Dentistry guidelines on infant oral health care in-
cluded the following recommendations:

1. All primary health care professionals who serve
mothers and infants should provide parent/caregiver
education on the etiology and prevention of early
childhood caries (ECC).

2. The infectious and transmissible nature of bacte-
ria that cause ECC and methods of oral health risk
assessment (e.g., Caries Assessment Tool [CAT]),
anticipatory guidance, and early intervention should
be included in the curriculum of all medical, nursing,
and allied health professional programs.

3. Every infant should receive an oral health risk assess-
ment from his or her primary health care provider or
qualified health care professional by 6 months of age.

4. Parents or caregivers should establish a dental home
for infants by 12 months of age.

5. Health care professionals and all stakeholders in chil-
dren’s health should support the identification of a
dental home for all infants at 12 months of age.

Thus it is appropriate for a dentist to perform an oral
examination for an infant of any age, even a newborn,
and an examination is recommended anytime the par-
ent or physician calls with questions concerning the ap-
pearance of an infant’s oral tissues. Even when there are
no known problems, the child’s first dental visit and oral
examination should take place by at least 1 year of age.
This early dental visit enables the dentist and parents to
discuss ways to nurture excellent oral health before any
serious problems have had an opportunity to develop.
An adequate oral examination for an infant is generally
simple and brief, but it may be the important first step
toward a lifetime of excellent oral health.

Some dentists may prefer to “preside” during the entire
first session with the infant and parents. Others may wish
to delegate some of the educational aspects of the session
to auxiliary members of the office staff and then conduct
the examination and answer any unresolved questions.
In either case, it is sometimes necessary to have an as-
sistant available to help hold the child’s attention so that
the parents can concentrate on the important informa-
tion being provided.

It is not always necessary to conduct the infant oral
examination in the dental operatory, but it should take
place where there is adequate light for a visual examina-
tion. The dentist may find it convenient to conduct the
examination in the private consultation room during
the initial meeting with the child and parents. The ex-
amination procedures may include only direct observa-
tion and digital palpation. However, if primary molars
have erupted or if hand instruments may be needed, the

examination should be performed in an area where in-
strument transfers between the dental assistant and the
dentist can proceed smoothly.

The parents should be informed before the examina-
tion that it will be necessary to restrain the child gently
and that it is normal for the child to cry during the proce-
dure. The infant is held on the lap of a parent, usually the
mother. This direct involvement of the parent provides
emotional support to the child and allows the parent to
help restrain the child. Both parents may participate or at
least be present during the examination.

The dentist should make a brief attempt to get ac-
quainted with the infant and to project warmth and caring.
However, many infants and toddlers are not particularly in-
terested in developing new friendships with strangers, and
the dentist should not be discouraged if the infant shuns
the friendly approach. Even if the child chooses to resist
(which is common and normal), only negligible extra effort
is necessary to perform the examination procedure. The
dentist should not be flustered by the crying and resistant
behavior and should proceed unhurriedly but efficiently
with the examination. The dentist’s voice should remain
unstrained and pleasant during the examination. The den-
tist’s behavior should reassure the child and alleviate the
parents’ anxiety concerning this first dental procedure.

One method of performing the examination in a private
consultation area is illustrated in Figure 1-8, A. The den-
tist and the parent are seated face to face with their knees
touching. Their upper legs form the “examination table”
for the child. The child’s legs straddle the parent’s body,
which allows the parent to restrain the child’s legs and
hands (Video 1-1: Examination of the mouth). An assistant
is present to record the dentist’s examination findings as
they are dictated and to help restrain the child if needed.
If adequate space is available in the consultation area, the
approach illustrated in Figure 1-8, B, may be useful. The
dental assistant is seated at a desk or writing stand near the
child’s feet. The dental assistant and the parent are facing
the same direction, side by side and at a right angle to the
direction that the dentist is facing. The dental assistant is
in a good position to hear and record the dentist’s findings
as they are dictated, even if the child is crying loudly. These
positions (see Fig. 1-8) are also convenient for demonstrat-
ing oral hygiene procedures to the parents.

The positions of the dentist, parent, child, and dental
assistant during the examination at the dental chair are
illustrated in Figure 1-9. The dental assistant is seated high-
er to permit good visibility and to better anticipate the den-
tist’s needs. The assistant is also in a good position to hear
and record the dentist’s findings. The parent and the den-
tal assistant restrain the child’s arms and legs. The child’s
head is positioned in the bend of the parent’s arm. The
dentist establishes a chairside position so that not only the
dentist’s hands but also the lower arms and abdomen may
be available for support of the child’s head, if necessary.

The infant oral examination may often be performed by
careful direct observation and digital palpation. The den-
tist may need only good lighting for visibility and gauze for
drying or debriding tissues. Sometimes a tongue depressor
and a soft-bristled toothbrush are useful. At other times, as
previously mentioned, the dentist will want the complete
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Figure 1-9 Oral examination of a very young child in the
dental operatory.

operatory available. The examination should begin with a
systematic and gentle digital exploration of the soft tissues
without any instruments. The child may find this gentle pal-
pation soothing, especially when alveolar ridges in teething
areas are massaged. The digital examination may help relax
the child and encourage less resistance. If hand instruments
are needed, the dentist must be sure to have a stable finger
rest before inserting an instrument into the child’s mouth.
Although there is little effective communication be-
tween the dentist and patient, the child realizes at the con-
clusion of the examination that nothing “bad” happened
and that the procedure was permitted by the parents, who
were present and actually helped with the examination.
The child will not hold a lasting grudge against anyone,
and the experience will not have a detrimental effect on
the child’s future behavior as a dental patient. On the con-
trary, our experiences suggest that such early examinations
followed by regular recall examinations often contribute to
the youngsters’ becoming excellent dental patients without
fear at very young ages. These children’s chances for enjoy-
ing excellent oral health throughout life are thus enhanced.
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Figure 1-8 A, One method of positioning a child for an oral examination in a small, private consultation area. The dental assis-
tant is nearby to record findings. B, If space allows three people to sit in a row, this method may make it easier for the dental
assistant to hear the findings dictated by the dentist. The dental assistant also helps restrain the child’s legs.

DETECTION OF SUBSTANCE ABUSE

It is within the scope of pediatric dentistry to be con-
cerned with life-threatening habits and illnesses such as
alcoholism and drug addiction, which may occur in the
older child.

Rosenbaum? !0 has reported that abusers in the teen
years and younger are as common as adult addicts. Drug
abuse problems interact directly with the dental care of
a patient. Obtaining and maintaining a satisfactory his-
tory are important. The office health questionnaire, as
presented in this chapter, must be worded to allow the
patient or parent to give some indication of a drug prob-
lem. It is often difficult to detect addiction from casual
observation. Therefore input from the patient giving an
indication of addiction is needed. At subsequent visits the
dentist must also consider changes in the general health
history as well as answers to specific questions.

It is also important to know if the patient is taking
drugs at the time of the dental visit because there could be
an interaction with drugs, such as nitrous oxide, adminis-
tered at the dental office. If the patient is under the influ-
ence of an abused substance, dental treatment should be
postponed until a time when the patient is not “high.”

Symptoms of substance abuse may include depression,
feelings of inadequacy, frustration, helplessness, immatu-
rity, self-alienation, poor object relations, and major defi-
ciencies in ego structure and functioning. Heavy drug users
tend to have poor impulse control and frequently neglect
hygiene in general and oral hygiene specifically. In addi-
tion, because a patient is taking drugs that affect normal
thought processes, the pain from untreated dental condi-
tions may be masked. This combination of factors results
in a patient with very little dental interest who is practicing
unsatisfactory prevention, leading to increased oral disease.

Identification of substance abusers is difficult, even for
an experienced observer. There are specific clues, howev-
er. Abrupt changes in behavior are common, as are signs
of depression and moodiness. Interest in the opposite sex
often decreases. Without any apparent consumption of
alcohol, a drug-addicted person can appear intoxicated.
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There may be a desperate need for money, as well as loss
of weight and appetite. The presence of scars along veins
could indicate drug injection. Addicts frequently wear
long-sleeved shirts, regardless of the weather, in an effort
to cover identifying scars.

Fletcher and colleagues!! state that the use of illegal
drugs and volatile substances is common among young
people in developed countries, such as the United States
and the United Kingdom. In addition to presenting di-
rect health risks, drug use is associated with accidental
injury; self-harm; suicide; and other “problem” behaviors,
such as alcohol misuse, unprotected sex, and antisocial
behavior. Drug use at an early age is also associated with
future use of particularly harmful drugs, such as heroin or
cocaine. In turn, dependence on these drugs is associated
with high rates of morbidity and mortality, social disad-
vantage, and crime. It is because of these health and so-
cial problems that reducing teenage drug use is a priority.

Their review of the literature, however, suggests that
positive ethos and overall levels of strong school relation-
ships and engagement are associated with lower rates of
drug use; and that, at the individual level, negative be-
haviors and attitudes relating to school are also associated
with drug use.

MacDonald!? reports that experimentation is a nor-
mal adolescent learning tool, but when combined with
normal adolescent curiosity and fearlessness, it may be
dangerous. Tobacco smoking is an example of a common
teenage experiment. In a study by the National Survey on
Drug Use and Health, 12% of adolescents of 12 to 17 years
of age had smoked one or more cigarettes in the preced-
ing month; and of those who had never smoked, more
than 22% were considered susceptible to start smoking.!3

ETIOLOGIC FACTORS IN SUBSTANCE ABUSE

Drug abuse in young people can be traced to many causes,
the most important of which is considered to be rebellion
against parents and society. Other factors may include a
need to forget the pressures of daily living, a desire for
pleasure, and a need to conform to a group with which
the young people want to be associated.'* Through drugs,
young people obtain a momentary feeling of indepen-
dence and power because they have disobeyed the rules of
their parents and society. The satisfaction gained through
rebelling against parents can give adolescents a reinforc-
ing motive for persisting in drug abuse.

Children of wealthy parents are increasingly recog-
nized as a high-risk group for the development of such
traits as narcissism, poor impulse control, poor tolerance
of frustration, depression, and poor coping ability. There-
fore it is not surprising that a large number of children
within this group use drugs to cope with frustrations,
boredom, anxiety, and depression.

In general, compared to youngsters who do not use drugs,
drug users have been found to be less interested in formal
education, less involved in organized activities such as ath-
letics, and less likely to have well-defined goals. Adolescents
who use drugs heavily have been described as manifesting
more psychological problems than do nonusers. Signifi-
cantly higher percentages of nonusers of drugs reported
close relationships with their parents. Children involved in

abusing drugs are more often found to have experienced the
loss of a parent or to have parents who are divorced.

SPECIFIC SUBSTANCES AND FREQUENCY OF USE

Since 1975, the University of Michigan's Institute for Social
Research, funded by the National Institute of Drug Abuse,
has collected data on past month, past year, and lifetime
drug use among 12th graders. It was expanded in 1991
to include 8th and 10th graders. The most recent report
(http://www.monitoringthefuture.org//pubs/monographs/
mtf-overview2013.pdf) says that in the late 20th century,
young Americans reached extraordinarily high levels of il-
licit drug use. In 1975, the majority of young people (55%)
had used an illicit drug by the time they left high school.
This rose to 66% in 1981, but declined to 41% by 1992—the
low point. After 1992, in what the report calls the “relapse
phase” of the epidemic, the proportion rose considerably to
55% in 1999 and gradually declined to 47% in 2009 before
rising slightly to 50% by 2013.

Suppose the dentist identifies a person who needs
help. What can be done? Unless the dentist is exception-
ally qualified to handle addiction problems, the answer
is direct or indirect referral to a treatment center. If the
person expresses a need, the dentist may directly inform
that person or the parents about area agencies that pro-
vide assistance. However, addicts may react defensively,
even with hostility, if a direct approach is used. As with
any problem related to general or dental health, preven-
tive efforts must begin with the young. Children at a very
young age need to be helped to develop a positive self-
image, a sense of self-worth, and a separate identity.

SUICIDAL TENDENCIES IN CHILDREN
AND ADOLESCENTS

During the examination of the child, the pediatric dentist
should be alert to signs and symptoms of suicidal tenden-
cies. How prevalent is suicide in the young child and ado-
lescent? According to the American Academy of Child and
Adolescent Psychiatry (http://www.aacap.org), thousands
of teenagers commit suicide each year. It is the sixth lead-
ing cause of death in 5- to 14-year-olds and the third lead-
ing cause in 15- to 24-year-olds. Suicidal tendencies follow
a pattern and background that can be observed by the as-
tute professional or parent. The following excerpt is from
the American Academy of Child and Adolescent Psychiatry'S:

Teenagers experience strong feelings of stress, con-
fusion, self-doubt, pressure to succeed, financial
uncertainty, and other fears while growing up. For
some teenagers, divorce, the formation of a new
family with step-parents and step-siblings, or mov-
ing to a new community can be unsettling and can
intensify self-doubts. For some teens, suicide may
appear to be a solution to their problems and stress.

Depression and suicidal feelings are treatable mental
disorders. The child or adolescent needs to have his or
her illness recognized and diagnosed, and appropriate
treatment plans developed. When parents are in doubt
as to whether their child has a serious problem, a psy-
chiatric examination can be helpful. Many of the signs
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and symptoms of suicidal feelings are similar to those of

depression.

Parents should be aware of the following signs from
adolescents who may attempt suicide:

e Changes in eating and sleeping habits

e Withdrawal from friends, family, and regular activities

e Violent actions, rebellious behavior, or running away

e Drug and alcohol use

e Unusual neglect of personal appearance

e Marked personality change

e Persistent boredom, difficulty concentrating, or a
decline in the quality of schoolwork

e Frequent complaints about physical symptoms, often
related to emotions, such as stomachaches, head-
aches, or fatigue

e Loss of interest in pleasurable activities

* Not tolerating praise or rewards
A teenager who is planning to commit suicide may

also exhibit the following signs:

e Complain of being a bad person or “feeling rotten”
inside

e Give verbal hints with statements such as, “I won'’t be
a problem for you much longer,” “Nothing matters,”
“It’s no use,” and “I won't see you again.”

e Put his or her affairs in order; for example, give away
favorite possessions, clean his or her room, or throw
away important belongings

e Become suddenly cheerful after a period of depression

e Have signs of psychosis (hallucinations or bizarre
thoughts)

Children who say they want to kill themselves should
not be ignored, and further expressions of concern and
discussion with the child are important. In addition, as-
sistance from a mental health professional should be ac-
tively sought. With appropriate counseling and family
support, intervention can be successful.

It should be recognized that the pediatric dentist and
the orthodontist are in a unique position to recognize
early warning signs of adolescent suicide. Loochtan and
Cole!® surveyed 1000 practicing orthodontists and 54 de-
partment chairs of postdoctoral programs. Of those sur-
veyed, 50% had at least one patient who had attempted
suicide, and 25% had at least one young patient who ac-
tually did commit suicide.

INFECTION CONTROL IN THE DENTAL
OFFICE

The dental team is exposed to a wide variety of microorgan-
isms in the saliva and blood of their patients. These may
include hepatitis B and C, herpes viruses, cytomegalovirus,
measles virus, mumps virus, chickenpox virus, human im-
munodeficiency virus, Mycobacterium tuberculosis, strepto-
cocci, staphylococci, and other non-vaccine-preventable
infections. Because it is impossible to identify all of those
patients who may harbor dangerous microorganisms,
it is necessary to use standard precautions and practice
infection control procedures routinely to avoid spread of
disease. The following infection control procedures as de-
scribed by Miller and Palenik!” are based on those recom-
mended for dentistry by the Centers for Disease Control
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and Prevention (CDC) in the Public Health Service of the

U.S. Department of Health and Human Services!8:

e Always obtain (and update) a thorough medical his-
tory (as discussed previously in this chapter) and in-
clude questions about medications, current illnesses,
hepatitis, unintentional weight loss, lymphadenopa-
thy, oral soft tissue lesions, or other infections.

¢ Clean all reusable instruments in an ultrasonic clean-
er or washer/disinfector, and minimize the amount of
hand scrubbing. Wear heavy rubber gloves, mask, and
protective clothing and eyewear to protect against
puncture injuries and splashing.

e Sterilize all reusable instruments that penetrate or
come into contact with oral tissues or that become
contaminated with saliva or blood. Metal or heat-
stable instruments should be sterilized in a steam
autoclave, a dry heat oven, or an unsaturated chemical
vapor sterilizer. Heat-sensitive items may require up
to 10 hours’ exposure time for sterilization in a liquid
chemical agent approved by the U.S. Food and Drug
Administration as a disinfectant/sterilant, followed by
rinsing with sterile water. High-level disinfection may
be accomplished by submersion in the disinfectant/
sterilant chemical for the exposure time recommended
on the product label, followed by rinsing with water.

e Monitoring of sterilization procedures should include a
combination of process parameters, including mechan-
ical, chemical, and biological. These parameters evalu-
ate both the sterilizing conditions and the procedure’s
effectiveness. Biological monitoring must occur weekly.

e Dental instruments must be wrapped before steriliza-
tion. Unwrapped instruments have no shelf life and
must be used immediately after being processed.

e Personal protective equipment (gloves, masks, protec-
tive eyewear, and clinical attire) should be worn when
treating patients.

e Contamination of clinical contact surfaces with
patient materials can occur by direct spray or spatter
generated either during dental procedures or by con-
tact with gloved hands. Barrier protection of surfaces
and equipment can prevent contamination of clinical
contact surfaces, but is particularly effective for those
that are difficult to clean. Barriers include clear plastic
wrap, bags, sheets, tubing, and plastic-backed paper
or other materials impervious to moisture. If barriers
are not used, cleaning and disinfection of surfaces
between patients should involve use of an EPA-regis-
tered hospital disinfectant with a tuberculocidal claim
(i.e., intermediate-level disinfectant).

e Hand hygiene (e.g., handwashing, hand antisepsis,
or surgical hand antisepsis) substantially reduces
potential pathogens on the hands. Evidence indicates
that proper hand hygiene is the single most critical
measure for reducing the risk of the transmission of
organisms. For routine dental examinations and non-
surgical procedures, handwashing and hand antisepsis
is achieved by using plain or antimicrobial soap and
water. If the hands are not visibly soiled, an alcohol-
based hand rub is adequate.

¢ Regulated medical waste is only a limited subset of
waste, constituting 9% to 15% of total waste in hospitals
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and 1% to 2% of total waste in dental offices. Regulated
medical waste requires special storage, handling, neu-
tralization, and disposal and is covered by federal, state,
and local rules and regulations. Examples of regulated
waste found in dental practice settings are solid waste
soaked or saturated with blood or saliva (e.g., gauze
saturated with blood after surgery), extracted teeth, sur-
gically removed hard and soft tissues, and contaminated
sharp items (e.g., needles, scalpel blades, and wires).

e Dental prostheses, appliances, and items used in
their fabrication (e.g., impressions, occlusal rims, and
bite registrations) are potential sources for cross-
contamination and require handling in a manner that
prevents exposure of both practitioners and patients.

BIOFILM

The goal of infection control in dentistry is to reduce or

eliminate exposure of patients and dental team members

to microorganisms. Potential pathogens can usually come

from patients and practitioners. Another source, however,

could be from the environment, such as via air or water.
Dental unit water lines contain relatively small

amounts of water, much of which is in continuous con-

tact with the inner surfaces of the tubing. The water is

not in constant motion with extended dormant periods.

Movement of water varies, with greatest flow being in the

middle of the tubing. Dental unit water lines readily be-

come colonized by a variety of microorganisms, includ-

ing bacteria, viruses, and protozoa. Water entering dental

units usually contains few microorganisms. However, wa-

ter coming out of the unit is often highly contaminated.

Proliferation of microorganisms occurs within biofilms

that adhere to internal surfaces of dental unit water lines.
Current guidelines!® for the proper treatment of dental

unit water lines include the following:

1. Dental line water should contain <200 colony-forming
units per mL (CFU/mL).

2. For surgical procedures, use sterile or saline water
from a single-use source.

3. Start each day by purging all lines by flushing thor-
oughly with water.

4. Purge all air and water from high-speed handpieces
for 20 to 30 seconds after each patient.

5. Consider separate reservoirs, chemical treatment pro-
tocols, and sterile water delivery systems.

6. Use antiretraction valves and terminal flush devices
into the dental unit.

7. Drain the water lines at the end of the day.

8. Disinfect dental units attached to hospital main water
supplies every 4 months with 500 ppm chlorinated
water.

EMERGENCY DENTAL TREATMENT

A patient’s initial dental appointment is often prompt-
ed by an emergency situation. The diagnostic proce-
dures necessary for an emergency dental appointment
were outlined in this chapter previously, but the emer-
gency appointment tends to focus on and resolve a sin-
gle problem or a single set of related problems rather
than provide a comprehensive oral diagnosis and man-
agement plan. Once the emergency problem is under

control, the dentist should offer comprehensive services
to the patient or parents.

The remainder of this book presents information for
dentists and dental students to augment their diagnostic
and management sKills in providing oral health care ser-
vices to children and adolescents during both emergency
and preplanned dental visits.
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ilhelm Conrad Roentgen’s discovery of x-rays

on November 8, 1895, initiated the first den-

tal radiographs ever taken, by Otto Walkhoff in
January 1896. A new era was born, and ever since, dental
radiographs have proven their significant value in dental
and maxillofacial diagnosis. For many years, two-dimen-
sional intraoral radiography and extraoral radiography
were the only radiographic options; but a little more than
two decades ago, three-dimensional imaging in dentistry
(cone beam computed tomography, CBCT) became much
more readily available. In addition, other advanced im-
aging modalities, such as multi-slice computed tomog-
raphy (MSCT), magnetic resonance imaging (MRI), and
ultrasound imaging, are also available.

This chapter provides a general overview of the tech-
niques currently used in pediatric dental and maxillofacial
radiology and will provide a clear overview of the image
receptors, specialized techniques, and the indications and
justifications for exposing pediatric patients to ionizing
radiation or other imaging modalities.

RADIATION SAFETY AND PROTECTION
THE BASICS OF RADIATION PROTECTION

The three basic principles of radiation protection are as
follows:

The Justification Principle

This principle states that one should expose patients to
ionizing radiation only if there is no other way to ob-
tain the diagnostic information or if this exposure will
positively influence the diagnosis, the treatment, and the
patient’s health. The principle requires that one should
attempt to obtain previously taken images because these

contain important information and may negate the need
for new radiographs. Special needs patients and children
may not always cope well with radiographic procedures.
If the cooperation of the patient is unlikely to result in a
good-quality image, one should refrain from exposing the
patient to ionizing radiation.

The Limitation Principle

This principle states that one should always try to keep the
radiation dose as low as reasonably achievable (ALARA).
Current selection criteria will assist the clinician in ad-
dressing the principle of dose limitation.

The Optimization Principle

Optimization means that one should obtain the best
quality images possible, with both previous principles in
mind. This can, however, imply the use of a technique
that exposes the patient to a higher radiation dose, which
can be justified only if the technique offers the greatest
benefit for the patient and his/her health outcome.

The purpose for adhering to the above three principles
is that x-rays can impart energy to the matter they traverse;
if that matter is living tissue, then some biological injury
may occur. Although much information is available regard-
ing high levels of radiation (e.g., from cancer radiation
treatments and nuclear accidents) and subsequent damage,
little is known about the effects of low-energy ionizing
radiation (as used in diagnostic radiology and dentistry
in particular) on biological systems. Our assumptions of
damage are based on extrapolation of data from high to
lower levels of radiation. Therefore, two models have
been devised to explain these effects: the non-threshold
(stochastic) and threshold models. The non-threshold
model suggests that any dose of x-rays can cause
biological damage, whereas the threshold model suggests

17
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that no detrimental effects of ionizing radiation occur
below a particular level or “threshold” of x-ray exposure.
In 2012, White and Mallaya reported that until low-energy
ionizing radiation is proven to be risk-free, dental health
professionals should protect patients accordingly.

Dental health professionals must be concerned about
any risk that the patient may encounter during therapy,
with focus on three primary biological effects of low-level
radiation: (1) carcinogenesis, (2) teratogenesis (malfor-
mations), and (3) mutagenesis. Carcinogenesis and mal-
formations are responses of somatic tissues and, in most
instances, are believed to have a threshold response (de-
terministic effect); that is, a certain amount of radiation
is necessary before the response can be seen. Mutations
may occur as a response of genetic tissue (gonads) to ioni-
zing radiation and are believed to have no threshold (sto-
chastic effects). In general, younger tissues and organs are
more sensitive to ionizing radiation, with the sensitivity
decreasing from the period before birth until maturity.
Furthermore, far higher doses of radiation can be with-
stood by localized areas than by the whole body. The an-
nual background radiation for individuals living in the
United States is about 3600 microSieverts. It is estimated
that, on average, about 20% of that amount results from
medical and dental diagnostic imaging. Later in this chap-
ter, radiation doses will be discussed from the perspective
of this annual background radiation. This information is
important when discussing the potential impact of diag-
nostic x-ray imaging exposure with patients and parents.

To facilitate the calculation of effective radiation doses
from certain diagnostic exposures, the International Com-
mission on Radiological Protection (ICRP) has provided
tissue-weighting factors for human tissues (Table 2-1).

Table 2-1

The Tissue-Weighting Factors (WT) as
Suggested by the International Commission
(Higher WT Equals More Radiation Sensitivity)
on Radiological Protection (ICRP, 2005)

Some tissues are more vulnerable and susceptible to the
effects of ionizing radiation. Table 2-2 shows the estimated
risks for the development of a fatal cancer from exposure
to diagnostic radiation. It is clear that the use of certain
imaging modalities must be well justified. Table 2-3 shows
the multiplication factors per age category, highlighting
children’s increased sensitivity to x-rays.

PROTECTION OF THE DENTAL STAFF

The best method for protecting dental staff from ionizing
radiation is the use of shielding. Solid walls (preferably
with a lead glass window) are the best protection one can
achieve. However, some offices lack such walls, and the

Table 2-2

Estimated Fatal Cancer Risks from Several
Radiographic Examinations (Data from
Ludlow et al., 2008, JADA)

Estimated Risk
of a Fatal Cancer

X-Ray Diagnostic Investigation (adult)

Full-mouth x-rays with phosphor 2 in 1 million
storage plates or F-speed analog film
and rectangular collimation

Full-mouth x-rays with phosphor
storage plates or F-speed analog film
and circular collimation

Full-mouth x-rays with D-speed
analog film and circular collimation

Two bitewing radiographs with
phosphor storage plates or F-speed
analog film and rectangular
collimation

Dental panoramic radiograph
(solid-state sensor)

Skull frontal radiograph (phosphor
storage plate)

Lateral skull radiograph (phosphor
storage plate)

9 in 1 million

21 in 1 million

0.3 in 1 million

0.8to1.3in1
million
0.3 in 1 million

0.3 in 1 million

Tissue WT (2005)

Bone marrow 0.12

Breast 0.12

Colon 0.12
Lung 0.12 Multiplication Factors Per Age Category for
Stomach 0.12 the Estimated Risks of Developing a Fatal
Bladder 0.05 Cancer as a Result of Diagnostic Radiographs*
Esophagus 0.05

Gonads 0.05 Age Category Multiplication Factor
Liver 0.05 <10 years x 3

Thyroid 0.05 10-20 years x2

Bone surface 0.01 20-30 years x 1.5

Brain 0.01 30-50 years x 0.5

Kidneys 0.01 50-80 years x 0.3

Salivary glands 0.01 >80 years x0

Skin 0.01

Remaining tissues 0.10 *Whaites E: Essentials of dental radiography and radiology, Edin-

burgh, Churchill Livingstone, 2007.



radiographer must maintain a safe distance from the x-ray
source (Fig. 2-1). Once the x-ray machine is engaged, the
patient is to be considered the source of radiation. The
radiographer should stand either at 90° to or behind the
radiation source; at least 6 feet (2 m) from the radiation
source is safe. One should never stand in the path of the
primary radiation beam or hold the image receptor or the
wall-mounted x-ray machine. If, for whatever reason, in-
sufficient distance is maintained, one should wear a lead
apron with thyroid shielding and stand in the appropriate
position relative to the radiation source. The 6-foot rule
also applies to panoramic and cephalometric imaging.

For CBCT imaging, one should always stand behind a
radioprotective barrier.

PROTECTION OF THE PATIENT

In addition to the three basic principles of radiation pro-
tection (justification, limitation, and optimization), one

6 feet or
2 meters

6 feet or
2 meters

6 feet or
2 meters

Figure 2-1 Safe locations for the radiographer when obtain-
ing an intraoral radiograph. Bird’s eye view of a patient be-
ing exposed for a bitewing radiograph. The arrows indicate
the safest place for the radiographer to stand: at least 6 feet
or 2 meters from the patient.

»
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can apply the following additional techniques to reduce
the radiation burden to the patient:

e Collimation of the x-ray beam

e Correct focus-to-skin distance

e Lead apron with thyroid collar

More radiation-sensitive image receptors

The use of rectangular collimation limits the surface be-
ing irradiated to the size of the image receptor, reducing the
radiation dose by about 50%, compared with that achieved
with a 2.75-inch-diameter (6 cm) circular collimator (Fig.
2-2). Rectangular collimators are available from different
vendors. They are either attached to the tube head or are
included in the image receptor holding device. Rectangular
collimation also decreases the amount of scatter in the pa-
tient’s tissues, which in turn results in better image quality.

The focus-to-skin distance is the distance between the x-
ray machine’s anode (where x-rays are created) and the skin
of the patient’s cheek or lip. Ideally this should be a mini-
mum of 8 inches (20 cm) to reduce the amount of low-energy
x-radiation reaching the patient. Many manufacturers recess
the x-ray tube to increase the focus-to-skin distance without
increasing the overall length of the tube head.

The utility of a lead apron (as opposed to a thyroid collar)
(Fig. 2-3) has been extensively discussed. ICRP guidelines
suggest that the use of a lead apron is not necessary with
rectangular collimation, short exposure times, adequate
x-ray energies, and fast image receptors. Several studies
have shown that, with rectangular collimation, the patient
is afforded protection from scatter radiation similar to
that achieved with a lead apron.

Fast image receptors, which require less exposure time,
are advised, since their use will enable the lowest possi-
ble radiation dose to be absorbed by the patient. If direct
exposure film is used, either E- or F-speed film is recom-
mended. D-speed film requires at least twice the exposure
of E-speed film and approximately 70% more exposure
than F-speed film. Digital image receptors, either photo-
stimulable phosphor plates (PSPPs) or solid-state sensors,
require much less exposure than D-speed film. Thus, digi-
tal image receptors and E- or F-speed film are considered
to achieve similar lower radiation doses for patients.

Y
-

Figure 2-2 Examples of rectangular collimators. The rectangular end of the beam-indicating device decreases the exposed sur-
face by more than 50%, compared with a 2.75-inch-diameter round collimation. The image on the left shows a non-remov-
able rectangular collimator mounted on an intraoral x-ray machine. The image on the right shows a removable rectangular
collimator (DENTSPLY® Universal Collimator) mounted on the circular open-ended beam-indicating device.
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Figure 2-3 An apron containing lead or a material equiva-
lent to lead for dental use.

When a lead apron is used with patients undergoing
panoramic imaging, the apron must be placed high in
the front, low in the back of the neck, and low over the
shoulders. With correct positioning, the apron will not be
captured in the panoramic images.

Correct positioning of the patient, image receptor, and
tube head as well as appropriate exposure factors will de-
crease the need for retakes and will help keep the patient’s
dose as low as reasonably achievable. Darkroom quality
assurance is essential if the radiographic imaging is film-
based. Adequacy of safe lights, processing chemistry, and
equipment maintenance and cleaning should be continu-
ously monitored to maintain the quality and longevity of
the film-based image.

From the above, it is clear that there are several actions
one can take to minimize absorbed radiation doses and
optimize image quality.

RADIOGRAPHIC IMAGE RECEPTORS
ANALOG FILM

Analog film is still used by almost 50% of clinicians in
the United States. Some dental professionals have not yet
switched to digital radiography or have made only a par-
tial switch (e.g., film for intraoral radiographs and digital
for panoramic).

Direct Film

Direct analog film is the film of choice for intraoral radi-
ography. It is called direct because of its high sensitivity
to x-rays. Only E- or F-speed film should be used because
these require shorter radiation exposure times and hence
contribute to a lower radiation burden for the patient. The
exposure times needed for E- and F-films are comparable
with those for digital image receptors. Direct analog film
comes in different sizes (Table 2-4), making it suitable for
different patients and tasks. The smallest size is 22 x 35 mm

Table 2-4

ISO Formats (International Organization for
Standardization) of Intraoral Analog Film and
Phosphor Storage Plates and their Dimensions

1SO Format Dimensions (mm)
0 22 x 35
1 24 x 40
2 21 x 41
3 27 x 54
4 57 x76

Figure 2-4 An opened panoramic cassette (15 x 30 mm)
with intensifying screens on both sides (white surfaces) and
analog film (blue-purple). A similar cassette, but without
intensifying screens, is used for phosphor storage plates.

(ISO format 0), which can be used for bitewing radio-
graphs in the primary dentition and for periapical images
of individual maxillary or mandibular incisors. Such film
is often called “pedo-size” or “child-size.” The ISO format
1 size is 24 x 40 mm and can be used for the same pur-
poses as described for size 0. The ISO format 2 size is 31
x 41 mm and is probably the most common size used. It
can be used for bitewing images, periapical images in chil-
dren in a transitional dentition, in adolescents and adults,
as well as for occlusal radiographs in the primary denti-
tion. The ISO format 3 size is 27 x 54 mm, which is used
only for bitewing images in the transitional or permanent
dentition. The largest size is 57 x 76 mm (ISO format 4),
typically used for occlusal radiographs of the mandible
or maxilla in the mixed and permanent dentition. Film
packages contain either single or double film. Since ana-
log film is single-use, packages can be bent if necessary, al-
though this should be minimized to reduce the likelihood
of image distortion. Disadvantages of analog film include
double exposures and need for sufficient office space to
store chemicals, processor, and radiographs.

Indirect Film

Indirect analog film is more sensitive to light than it is to x-
rays and should be used only in a cassette with an intensi-
fying screen (Fig. 2-4). Indirect film is usually 15 x 30 cm or
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Figure 2-5 The physical appearance of a phosphor storage plate (left) looks very similar to that of analog film (right). The ISO

format 2 is shown here.

18 x 24 cm, depending on its application. The intensifying
screen converts the x-ray energy into light, which reaches
the film and forms the latent image. In dentistry, this type
of film is used in panoramic imaging and cephalometric
radiography. The use of intensifying screens in cassettes
keeps the exposure time as short as possible, but the images
are less sharp than those obtained with direct analog film.
The cassette should be checked regularly for light-tightness
to ensure that no light can cause fogging of the film. The
intensifying screens should be kept clean since dust or
other particles can cause radiopaque artifacts in the image.
One should use only the manufacturer’s recommended
cleansing agent to clean the intensifying screens.

PHOTO-STIMULABLE PHOSPHOR STORAGE
PLATES

PSPPs (Fig. 2-5) appear very similar to analog film and also
come in different sizes. This technique is also referred to as
indirect digital imaging because the image is captured in
an analog format and converted to a digital image when
scanned and is not displayed immediately when the ra-
diographic image is captured. The phosphor layer is com-
prised of europium-activated barium fluorohalide which,
when exposed to x-rays, will capture a latent image. The
phosphor plate emits a blue fluorescent light when ex-
posed to a red helium laser light inside the PSPP scanner.
The blue emissions captured by a photomultiplier are sub-
sequently converted into a visible image. Once the image
is generated, the scanner will expose PSPPs to white light
to erase the latent image. Because PSPPs are sensitive to
white light, the scanner cannot be placed in a brightly lit
area, since this will degrade the image once the phosphor
plates are freed from the light-tight barrier. PSPPs come
in different sizes and can be used for either intraoral or
extraoral applications. When used for intraoral radiogra-
phy, they should be wrapped in a single-use plastic light-
tight barrier to avoid both cross-contamination and the
toxicity of the phosphor layer. When PSPP is used in a
cassette for extraoral radiography, there is no need for it
to be wrapped in a plastic barrier. The cassette, however,

should be light-tight and should not contain intensifying
screens, as is the case with analog indirect film. Because
of the various sizes and flexibility of PSPPs, it is accept-
able for intraoral radiography in pediatric patients and
patients with special needs. The biggest disadvantage of
PSPPs is their susceptibility to scratches, bite marks, and
creasing, which could damage the phosphor layer (Fig.
2-6). This damage is irreversible and will always be visible
as a radiopacity in the image. Just as with analog film,
double exposures are possible with this technology.

SOLID-STATE SENSORS

Solid-state sensors (Fig. 2-7) are also known as direct digital
receptors because they display the radiographic image in-
stantaneously following exposure. There are two different
types of solid-state sensors: charged coupled devices (CCD)
and complementary metal oxide semiconductors (CMOS).
These sensors differ in how the image is captured but ap-
pear similar in both external appearance and image out-
put. Both CCD and CMOS sensors use a scintillation screen
(usually gadolinium oxysulfide or cesium iodide) to trans-
form the x-ray energy into visible green light, which is then
converted into a visible image. Direct digital sensors are
available in sizes O, 1, and 2. The primary disadvantage of
these sensors is that they are relatively bulky and not always

easy to position in the patient’s mouth (Video 2-1: Sensor °

placement: use of direct digital radiology technique in the
operating room). The majority of direct digital sensors are
attached to a computer by a shielded wire cable, which can
be damaged by repeated biting. The solid-state sensors are
also incorporated into extraoral radiography devices, such
as panoramic machines and cephalometric units. The sen-
sors are arranged in a vertical array and capture the x-rays
while the panoramic or cephalometric machine scans. The
image is formed by vertical lines or columns of pixels. Some
manufacturers use a lens in front of the solid-state sensor so
that the image from a cephalometric unit can be obtained
in one exposure, instead of via a scanning motion from an-
terior to posterior. This saves time and radiation dose and
helps reduce motion artifacts.
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Figure 2-6 A, Phosphor plate that has been bent. B, Phosphor plate that has been bitten. C, Phosphor plate with curling of the
phosphor layer on the edge of the short side of the plate. D, Phosphor plate image taken with a phosphor plate ISO format 0,
with several bitemarks and scratches. The latter will appear on every image that will be taken with this phosphor storage plate.

schickss

schi7Ck 33

schiyck 33

Figure 2-7 Solid-state sensors, sizes 0, 1, and 2. (Courtesy
SIRONA DENTAL SYSTEMS, INC.)

IMAGE-VIEWING CONDITIONS

Analog film should be viewed on a clean and bright view
box, with a clean viewing surface and a properly func-
tioning light source. Optimal viewing conditions should
allow one to collimate the light, so the light area is re-
stricted to the size of the film. The viewer’s eyes should
be blocked to surrounding light to ameliorate perception
of details. Also, the ambient light in the room should be
dimmed so that more details in the radiographic image
can be seen. This is not always feasible in a dental office
setting, but efforts should be made to place the view box
in a dimmed area of the office.

Digital images are viewed on a computer monitor or
screen. Ideally, ambient light should be subdued and
the monitor calibrated. Some viewing software pro-
grams allow for calibration of the computer screen. If
they do not, a “monitor calibration screen” can easily be
downloaded from the Internet (Fig. 2-8). Monitor per-
formance should be evaluated periodically. The monitor



Figure 2-8 Example of monitor calibration screens.

should be positioned in an area of subdued lighting away
from a window or bright light. Touch-screen monitors
should not be used since fingerprints can cause image
quality to deteriorate. From the literature, it is clear that
most computer monitors provide sufficient resolution
and contrast for the vast majority of dental diagnostic
needs.

A wide range of image receptors can be used in pedi-
atric and special-needs dentistry. It is up to the dental
professional to choose the system that works best in his
or her practice since technology changes rapidly and
image receptors will also change. Perhaps in the near
future, technology will be available that makes image
capture easier for both the clinician and the patient.
Digital image receptors offer the opportunity for the
captured image to be enhanced. Common enhance-
ments include density and contrast, magnification, and
edge-sharpening. Figure 2-9 demonstrates the effects of
density and contrast enhancements.

RADIOGRAPHIC TECHNIQUES

Multiple radiographic techniques must be used to manage
the wide range of pediatric and special-needs dental
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patients. The patient’s size and ability to cooperate
must be considered when a radiographic technique is
selected.

INTRAORAL RADIOGRAPHY

Intraoral tube heads should generate between 60 and
70 kVp to produce adequate diagnostic images. The timer
must be accurate to allow for short exposure times. Radi-
ation-sensitive (rapid) image receptors should be used at
all times.

Collimation of the radiation beam is advised to reduce
the irradiated surface area to the size of the image recep-
tor. There are several types of intraoral radiographs, each
of which has specific indications and limitations.

Periapical Radiography

Periapical radiographs should show the crown of the
tooth and at least 3 mm beyond the apex of the tooth. To
achieve this coverage, one can use either the paralleling
technique or the bisecting angle technique. The parallel-
ing technique is preferred because of its accuracy.

Paralleling Technique. This is the most accurate
technique for taking intraoral radiographs. The image
receptor should be positioned parallel to the long axis
of the teeth, while the x-ray beam is directed perpendic-
ular to the image receptor. Ideally, image receptor hold-
ers that enable one to aim easily and correctly should
be used (Fig. 2-10). This means that the aiming device
must firmly grip the image receptor and that there is an
extraoral component that allows the x-ray beam to be
positioned correctly in both the vertical and horizontal
planes. Other holders, such as those displayed in Figure
2-11, do not provide this extraoral component, and can
produce either elongation or foreshortening of the im-
age if the vertical angulation is incorrect or overlapping
of proximal surfaces if the horizontal angulation is in-
correct. Both angulation errors can result in the need
for a retake.

Bisecting Angle Technique. In the bisecting angle
technique, the image receptor is placed as close to the
teeth as possible, and the central x-ray is directed per-
pendicular to a line that bisects the angle created by the
tooth and image receptor (Fig. 2-12). This technique is
obviously more prone to geometric errors and should
not be regarded as the preferred technique. Elongation
or foreshortening (vertical angulation errors) of the
image or interproximal overlap (horizontal angulation
errors) of the image is often the result of inaccurate
aiming.

Bitewing Radiography

Bitewing radiographs are intended to assess interproxi-
mal caries and interproximal bone height. Bitewing
geometry is based on the paralleling technique, where
the image receptor is placed parallel to the teeth and
the x-ray beam is aimed perpendicular to the receptor.
Overlap of proximal surfaces is minimal with the prop-
er image receptor holders, which assist in directing the
x-ray beam through the proximal contacts. However, it
is the clinician’s evaluation of the receptor placement
that determines the accuracy of the image, rather than
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Figure 2-9 This figure shows how adjustments in contrast and density can alter the information in the image one sees on the
screen. The image at the top is the original image displayed by the software. The images in the first line have increasing con-
trast, and those in the second line have decreasing contrast. The images in the third line have decreasing density, and those in
the fourth line have increasing density. The bottom line is a combination of changed contrast and density.
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Figure 2-10 Illustration of the Rinn® paralleling technique beam-aiming and image receptor holding device. The bite block
holds the image receptor firmly and allows for ideal positioning in the patient’s mouth. It also allows for the attachment of a
metal rod that aids in correct horizontal and vertical aiming of the x-ray beam. The plastic ring (yellow) demonstrates rect-
angular cut-outs that allow the rectangular collimator/beam-aiming device to be aimed perpendicular to the image receptor.
The two images at the bottom are other examples of acceptable image receptor holders/aiming devices.

Adhesive

Bite-Wing Tabs
Disposable XCP® f \

Bite-Block
Stable® Bite-Wing Loops

A Bite-Block

Figure 2-11 Image receptor holders without extraoral aids. It is obvious that these are not ideal for aiming perfectly perpen-
dicular to the image receptor.
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Figure 2-12 The bisecting angle technique illustrated for maxillary and mandibular incisors and for mandibular and maxillary
molars. The x-ray beam (black arrows) must be aimed perpendicular to the imaginary bisecting angle (interrupted yellow line)
between the long axis of the tooth (red line) and the long axis of the image receptor (blue line).

the receptor holder (Fig. 2-13). Paper tabs, styrofoam
tabs, or a device like the Ezee Grip to hold the image
receptor in the mouth does not offer extraoral guidance
to aim the central x-ray through the proximal contacts.

Anterior Maxillary Occlusal Technique. In the
anterior maxillary occlusal technique, the patient’s
occlusal plane should be parallel to the floor, and the
sagittal plane should be perpendicular to the floor (Fig.
2-14). A size 2 image receptor is placed in the patient’s
mouth so that the long axis of the film runs from left to
right, rather than anteroposteriorly, and the midsagit-
tal plane bisects the film. The patient is instructed to
bite lightly to hold the receptor; a tongue blade can
be attached to PSPP or film receptors (Fig. 2-15), and
rigid receptors should be wrapped in gauze to protect

the sensor when the patient bites on it. The anterior
edge of the receptor should extend approximately 2
mm in front of the incisal edge of the central incisors.
The central x-ray is directed to the apices of the central
incisors and a centimeter (half-inch) above the tip of
the nose and through the midline. The vertical angle
is +60°. This receptor is exposed at the usual setting for
maxillary incisor periapical films.

Posterior Maxillary Occlusal Technique. In the
posterior maxillary occlusal technique, the patient’s
occlusal plane should be parallel to the floor, and the
sagittal plane should be perpendicular to the floor. A
size 2 image receptor is placed in the patient’s mouth
so that the long axis of the film is parallel to the floor.
The anterior edge of the receptor should extend just
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Figure 2-13 Bitewing holders with extraoral aids that allow for proper perpendicular aiming at the image receptor and the
teeth. The bottom image represents a schematic view of how a bitewing image should be taken and how the image receptor

holder aiming device (e.g., Rinn®) should be used.

mesial to the canine. The outer buccal edge of the re-
ceptor should extend approximately 2 mm beyond the
primary molar crowns. The patient is instructed to bite
lightly to hold the receptor. The central x-ray is direct-
ed toward the apices of the primary molars as well as
interproximally. The vertical angle is +50°. The receptor
is exposed at the usual setting for maxillary premolar
periapical projection.

Anterior Mandibular Occlusal Technique. The
film placement for the anterior mandibular occlusal
technique is identical to that for the anterior maxillary
occlusal technique, except that the receptor must be
placed so that the tube side faces the x-ray source (Fig.
2-16). In addition, when the patient bites on the recep-
tor, the anterior edge of the receptor is 2 mm beyond the
incisal edge of the lower incisors. The patient’s head is
positioned so that the occlusal plane is at a 45° angle. The
cone is then aligned at a —15° vertical angle, and the cen-
tral x-ray is directed through the symphysis.

Oblique Occlusal Radiography

Oblique occlusal radiography is also based on the bisect-
ing angle technique; it is a good alternative for patients
with a severe gag reflex or who cannot tolerate the
positioning of the image receptor holder device. It is
advisable to tape two wooden tongue depressors around
the image receptor to position it in the patient’s mouth

(see Fig. 2-15). Make sure that the long edge of the film or
phosphor plate is visible 1 to 2 mm buccal to the teeth.
Position the patient so that the occlusal plane is parallel
to the floor. Aim the x-ray beam perpendicular to the
bisecting line between the long axis of the tooth and
the axis of the occlusal plane. For maxillary images, the
patient faces forward. For mandibular images, the patient
should turn the head to the opposite side to position the
x-ray machine pointing upward, 45° to the mandibular
teeth. If the patient faces forward, the tube head will be
blocked by the patient’s shoulders. The result of these
projections should provide a periapical view of the pos-
terior teeth (Fig. 2-17). It is obvious that errors in the
vertical or horizontal plane can easily be made, and that
foreshortening or elongation and/or overlapping of prox-
imal surfaces can easily occur.

Localization Techniques

One method of localizing embedded or unerupted
teeth involves the buccal object rule (also referred to
as the parallax technique or the “same lingual opposite
buccal” [SLOB] rule), which states that the image of any
buccally oriented object appears to move in the oppo-
site direction from a moving x-ray source. Conversely,
the image of any lingually oriented object appears to
move in the same direction as a moving x-ray source
(Fig. 2-18).
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Figure 2-14 An occlusal radiograph in the maxilla should be taken with the patient in an upright position in the chair, with the
occlusal plane (red line) horizontal to the floor and the x-ray beam (blue arrow) aimed at 60° to 65° through the bridge of the
nose. The radiograph on the right shows the type of image obtained with this technique. The middle image illustrates that
this technique does not necessitate the use of size 4 film or phosphor storage plates, but that size 2 will suffice (both images
are from the same patient, but taken at different times). The bottom images illustrate the use of this technique in younger pa-
tients in the primary dentition and the mixed dentition, and in a special-needs patient with a dento-alveolar trauma (bottom

right).



Figure 2-15 lllustration of wooden tongue depressors used
to protect the film or phosphor plate from being bitten dur-
ing positioning and/or exposure. The top two images are
for anterior use and the bottom two are for posterior use.
The image receptor is taped between two tongue depres-
sors. The patient can bite down on them to avoid perma-
nent damage to a phosphor plate. The tongue depressors
provide guidance to the radiographer to assess the level of
the occlusal plane or can provide assistance to the caregiver
who assists during the radiographic procedure.

Using this principle for localization, the practitioner
makes two radiographs of the unerupted tooth. The tech-
nique consists of positioning the patient’s head so that
the sagittal plane is perpendicular to the floor and the
ala-tragus line is parallel to the floor. An intraoral peri-
apical film is placed in the mouth and then exposed by
the paralleling technique. Subsequently, a second film is
placed in the mouth in the same position as the first film,
with the patient’s head position remaining the same, but
with the horizontal angle shifted either anteriorly or pos-
teriorly depending on the site. The object in the projection
that moved in the direction opposite that in which the x-
ray machine was moved is located more buccally, relative
to the object(s) that moved in the same direction as the
x-ray machine.

EXTRAORAL RADIOGRAPHY

Panoramic Imaging

The panoramic image is obtained through tomography.
This means that only the structures located in the focal
trough are captured in focus. Objects or structures outside
the focal trough should be interpreted with care. Because
of the projection geometry, panoramic images are magni-
fied (by a factor of around 1.3), so measurements taken
from a panoramic image will also be magnified.
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Most current panoramic machines enable one to take
bitewing look-alike images (Fig. 2-19). These images should
be interpreted with caution since a standard bitewing pro-
jection requires that the image receptor be placed parallel
to the teeth, with the x-ray beam directed perpendicular
to the receptor. The panoramic bitewing is re-created from
the existing panoramic image; nevertheless, it is a very use-
ful alternative when a patient cannot tolerate the intraoral
image receptor. However, it should not be used as a stan-
dard bitewing projection. Panoramic machines are available
with solid-state sensors or with a cassette system. Film-based
panoramic cassettes contain intensifying screens that con-
vert x-radiation to visible light. Phosphor plate panoramic
cassettes do not contain intensifying screens.

Cephalometric Imaging

This technique is usually used in orthodontics and or-
thognathic surgery. Some machines will use a single ex-
posure, which minimizes motion errors. In the scanning
machines, the exposure takes longer; hence there is a
higher risk for motion artifacts in these images. Position-
ing of the patient in the cephalostat is very important.
Remember that digital imaging does not correct or com-
pensate for improper patient positioning.

Oblique Lateral Radiography

This technique offers an excellent alternative to bitewing
radiographs, periapical radiographs, or panoramic imag-
es, when patients are unable to tolerate these techniques.
The technique requires a cassette system (analog film or
phosphor storage plate), held parallel to the midsagit-
tal plane of the patient, while the x-ray beam is directed
perpendicular to the cassette from behind or below the
mandibular body. Figure 2-20 demonstrates the position-
ing of the patient, image receptor, and tube head. Figure
2-19 provides two examples of oblique lateral projections.
This technique should not be regarded as a standard of
care for every patient. Special-needs patients and small
children can definitely benefit from this technique if a
radiographic image is required.

Cone Beam Computed Tomography

This technology has become very popular in the past de-
cade and has found its way into many private practices.
This modality is ideal for imaging hard tissues. Artifacts
due to beam hardening and motion artifacts are to be
avoided (Fig. 2-21). The radiation dose from CBCT is con-
siderably higher than that from a periapical radiograph.
It is also very hard to determine the radiation dose in
general from CBCT since it depends on exposure settings
(kVp, mA, and exposure time), field of view (the size of
the volume, which is determined by the size of the cone-
shaped x-ray beam), and the resolution of the image (the
details). Justification to expose pediatric patients to CBCT
should not be taken lightly.

Medical Computed Tomography

Medical CT is responsible for the highest radiation doses
a patient can receive from diagnostic imaging. The fan-
shaped beam rotates around the patient’s body (part) in
a helical motion. The space between two rotations of the
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Figure 2-16 The top left image shows the position of the x-ray source (red arrow) 45° occlusal to the mandible. The bottom
left shows an example of this projection. The top right image shows the position of the x-ray source (blue arrow) 90° occlusal
to the mandible. The bottom right shows an example of this projection (patient with a small piece of a metal rod in the floor

of the mouth).

beam (pitch) determines the resolution of the image and
hence the radiation dose. Medical CT, also called multi-
slice CT, is useful for the imaging of hard and soft tissues
and provides the clinician with the ability to detect very
small differences in density in the image (contrast resolu-
tion). The technique is usually used to identify malignan-
cies, tumors, and other symptoms of pathology, with or
without the use of contrast medium.

Ultrasound Imaging

Most people associate ultrasound imaging with pregnan-
cy, but this technique also is excellent for investigation
of soft tissues, such as the floor of the mouth, salivary
glands, and lymph nodes in the head and neck region.
Since the technique does not involve ionizing radiation,
it can be repeated as many times as necessary, without ex-
posing the patient to any risks. Figure 2-22 displays an ul-
trasonogram of the floor of the mouth as an illustration of
an investigation to evaluate swelling or foreign objects in
the soft tissues in this region. In addition, this technique
is appropriate when fine-needle aspirations are required.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) evaluates the hydro-
gen content of tissues and uses a magnetic field to differ-
entiate among different tissue types. Since there are more
hydrogen atoms in soft tissues than in cortical bone, this
technique is especially useful with soft tissue. Contraindi-
cations for MRI include claustrophobia and the presence
of metallic clips or metallic foreign bodies. The most com-
mon dental indication for the use of MRI is for imaging
the soft tissues of the temporomandibular joint (Fig. 2-23).

SELECTION CRITERIA AND
RADIOGRAPHIC EXAMINATIONS

CRITERIA FOR EXPOSING CHILDREN
TO IONIZING RADIATION

For all radiographic examinations, the same basic rules
apply: justification and professional judgment on an in-
dividual patient basis. There are no guidelines per age
group, gender, or dentition stage. The American Dental
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Figure 2-17 lllustrations of radiographs obtained with the oblique occlusal technique in the lateral regions of the dentition in

various pediatric patients and patients with special needs.

-

Figure 2-18 The buccal object rule or parallax technique il-
lustrated to determine the position of an impacted maxillary
canine. In the left radiograph, the tip of the canine coin-
cides with the mesial wall of the pulp canal of the left cen-
tral incisor, whereas in the right, it coincides with the distal
wall. From the latter, one can conclude that the canine is
lingually impacted, since it moved in the same direction as
the x-ray source.

Association (ADA), the American Academy for Pediatric
Dentistry (AAPD), the European Academy for Pediatric
Dentistry (EAPD), and other organizations have published
criteria that are meant to guide the dental professional in
decision-making regarding appropriate radiographic im-
aging (Table 2-5). These guidelines clearly state that if the
patient cannot cope with the procedure, one should at-
tempt other strategies to handle the situation. The guide-
lines all acknowledge that, in some cases, radiographs
are not possible, in which case, one should balance the
benefit against the risk even more carefully. Sometimes it
is better to postpone the radiographic exposure until the
patient is older or better conditioned. The guidelines also
clearly state that if there are no clinical signs of pathol-
ogy, the need for a radiographic assessment is up to the
professional’s judgment, and that these decisions have
to be made on an individual patient basis. Radiographs
are never to be used for economic and screening reasons
since they involve a potential health risk for the patient.

Here are some examples of how the guidelines can be
interpreted and implemented. A 3-year-old with a sound
dentition and open proximal contacts does not need a
radiographic assessment. In contrast, for a 3-year-old with
only 10 teeth visible in the mouth and no history of dental
treatment, the dental professional should make a radio-
graphic assessment. If a 4-year-old shows rampant decay,
a radiographic assessment is certainly justifiable and indi-
cated. A 7-year-old with a normal transitional dentition
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Figure 2-19 Examples of bitewing radiographs taken with a
panoramic machine (A, Planmeca ProOne; B, Planmeca S2
Pan; C, Planmeca S3 Promax).

and no caries history, and for whom bitewing images
had been taken 12 months prior, does not need a pan-
oramic radiograph. The same 7-year-old, with a complete
primary dentition and no clinical signs of tooth mobil-
ity, might require a panoramic radiographic assessment.
Table 2-5 does not address the use of CBCT or medical
CT, but it is obvious that justification and common sense
should prevail when these examinations are prescribed
for or performed on pediatric patients or patients with
special needs.

RADIOGRAPHIC EXPOSURES IN CASES
OF DENTO-ALVEOLAR TRAUMA

Dento-alveolar trauma can occur in the primary, mixed,
and permanent dentition. Both clinical evaluation and

radiographic examination are necessary. Contusions,
crown fractures, root fractures, and avulsions are among
the many injuries that require radiographic assessment.
The number and frequency of radiographs needed, how-
ever, are not entirely clear from the literature. Since most
accidents involve the maxillary incisors, periapical and oc-
clusal radiographs are likely to be part of the radiographic
assessment. This means that x-rays are being aimed at the
thyroid gland, which is a radiosensitive organ and should
be avoided as much as possible. CBCT is not often needed
since periapical radiographs, taken from two different an-
gles, can often provide enough information for a proper
diagnosis. However, if a root fracture is suspected, a cone
beam image at sufficient resolution (200 um) can be use-
ful. The potential for motion artifacts in CBCT imaging
of pediatric patients must be considered when selecting
a radiographic technique. When mandibular fracture is
suspected, panoramic radiography is the technique of
choice; CBCT might also be worth considering.

RADIOGRAPHIC EXPOSURES IN SPECIAL-NEEDS
PATIENTS

This group of patients should not be exempted from ra-
diographic assessment. The same selection criteria apply,
but the clinician must assess the ability of the patient to
cooperate before performing any imaging. Lateral oblique
or oblique lateral radiographs and (oblique) occlusal ra-
diographs may prove to be very useful in this patient
population. Nevertheless, if the patient cannot tolerate or
if the patient cannot cope with the technique required
to obtain good-quality images, the clinician may have to
pursue an alternative treatment plan and postpone the
taking of radiographs until a more suitable moment (e.g.,
when the patient is under general anesthesia for a medi-
cal procedure).

INTERPRETATION OF RADIOGRAPHS

Radiographs should be evaluated under ideal conditions.
View boxes or monitors should be clean and positioned
in an area of diminished ambient light. Density and
contrast enhancements are essential tools for the assess-
ment of digital images. These should be readily accessible
so that the clinician can enhance different areas of the
image with different enhancement tools. The clinician’s
ability to enhance the radiographic image dynamically
and differentially is a significant advantage over analog
film. Software filters can also assist in obtaining better im-
ages, but one should never overlook the fact that filtering
means loss of information. It is therefore paramount to
use all the information contained in the digital image,
which should be considered as a database and not merely
as an image displayed on the monitor.

As previously mentioned, it is clear that assessing ra-
diographs in a brightly lit dental operatory increases the
clinician’s potential to miss diagnostically useful infor-
mation contained in a radiographic image. Despite the
fact that the parents and patients appreciate viewing the
radiographic images in the operatory, the initial diagnosis
should not be made at the chairside monitor, but rather
in an area of the office where the light is dimmed.
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Figure 2-20 Lateral oblique radiographs are taken with a cassette, either containing analog film or a phosphor plate. The
patient or caregiver holds the cassette against the patient’s cheek. Cassette position is shown in relation to the x-ray source as
seen from the front (A) and bird’s-eye (B) view. The nose should then be rotated to touch the cassette, which consequently
provides a space between the opposite ramus of the mandible and the cervical spine, from where the x-ray source will be
aimed, perpendicular at the cassette (C and D). Left (E) and right (F) images obtained with this technique using phosphor

plate technology are shown.



34 Chapter 2 = Radiographic Techniques

Figure 2-21 lllustration of beam-hardening artifacts. (top) Notice the black lines that cross the image and the white streaks
near the radiopaque material. (bottom) lllustration of patient movement. Notice the apparent broken bone on the left and the
non-diagnostic image caused by the patient moving his legs during the exposure in the right image. Cone beam computed
tomography images.



Figure 2-22 Ultrasound image of the floor of the mouth.
The top of the image is the skin under the floor of the
mouth, and the bottom of the image is the tongue. (1) Skin
and platysma. (2) Anterior belly of both digastric muscles.
(3) Mylohyoid muscle. (4) Genioglossus and geniohyoid
muscles. (5) The tongue.

In case one has an image that cannot be diagnosed,
the assistance of an oral and maxillofacial radiologist may
be advisable. These professionals are well trained and can
spend more time evaluating the image. The radiologist’s
report can subsequently be used by the clinician and/or
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Figure 2-23 Magnetic resonance imaging of the temporo-
mandibular joint: (1) cancellous bone of the condyle (sur-
rounded by a black line, which is the cortical bone); (2) disc
of the joint; and (3) articular eminence with the dark line
representing the cortical bone, while the white line inferior
to that is the fibrous tissue anterior to the articular disc.

the pathologist and can be of assistance in developing
the treatment or follow-up plan for the patient. Oral and
maxillofacial radiologists can make recommendations on
the need for additional imaging as well as the imaging
techniques that should be used.



Table 2-5

Guidelines for Prescribing Dental Radiographs*

Patient Age and Dental Developmental Stage

Type of Encounter Child with Primary Dentition Child with Transitional Adolescent with Adult, Dentate Adult,
(prior to eruption of first Dentition (after erup- Permanent Dentition or Partially Edentulous
permanent tooth) tion of first permanent (prior to eruption of Edentulous
tooth) third molars)
New patient* being Individualized radiographic exam Individualized radio- Individualized radiographic exam consisting Individualized
evaluated for dental consisting of selected periapical/ graphic exam consist- of posterior bitewings with panoramic exam radiographic

diseases and dental
development

Recall patient* with
clinical caries or at
increased risk for
caries**

Recall patient* with no
clinical caries and not
at increased risk for
caries**

Recall patient* with
periodontal disease

Patient for monitoring
of growth and devel-
opment

or posterior bitewings and selected periapical
images. A full mouth intraoral radiographic
exam is preferred when the patient has clini-
cal evidence of generalized dental disease or a
history of extensive dental treatment.

ing of posterior bite-
wings with panoramic
exam or posterior
bitewings and selected
periapical images.

occlusal views and/or posterior
bitewings if proximal surfaces
cannot be visualized or probed.
Patients without evidence of
disease and with open proximal
contacts may not require a ra-
diographic exam at this time.

Posterior bitewing
exam at 6-18
month intervals.

Posterior bitewing exam at 6-12 month intervals if proximal surfaces cannot be examined
visually or with a probe.

Posterior bitewing exam Posterior bitewing
at 18-36 month inter- exam at 24-36
vals. month intervals.

Posterior bitewing exam at 12-24 month intervals if proxi-
mal surfaces cannot be examined visually or with a probe

Clinical judgment as to the need for and type of radiographic images for the evaluation of periodontal disease.
Imaging may consist of, but is not limited to, selected bitewing and/or periapical images of areas where
periodontal disease (other than nonspecific gingivitis) can be identified clinically.

Clinical judgment as to
need for and type of
radiographic images
for evaluation and/or
monitoring of dentofa-
cial growth and devel-
opment. Panoramic or
periapical exam to assess
developing third molars.

Clinical judgment as to need for and type of radiographic
images for evaluation and/or monitoring of dentofacial
growth and development.

exam, based
on clinical
signs and
symptoms.

Not applicable

Not applicable

Not applicable

Usually not indicated
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Patient with other cir- Clinical judgment as to need for and type of radiographic images for evaluation and/or monitoring in these circumstances.
cumstances including,

but not limited to,

proposed or existing

implants, pathology,

restorative/endodon-

tic needs, treated

periodontal disease

and caries remineral-

ization

*Data from: American Academy of Pediatric Dentistry: Guideline on prescribing dental radiographs for infants, children, adolescents, and persons with special health care needs, Pediatr Dent
34(5):189-191, 2012.

Ad Hoc Committee on Pedodontic Radiology. American Academy of Pediatric Dentistry, reference manual, 2012.

The selection of patients for dental radiograph examination, American Dental Association and US Food and Drug Administration, JADA 137(9):1304-1312, 2006.

*Clinical situations for which radiographs may be 9. Clinically suspected sinus pathology **Factors increasing risk for caries may include but
indicated include but are not limited to: 10. Growth abnormalities are not limited to:
A. Positive Historical Findings 11. Oral involvement in known or suspected systemic 1. High level of caries experience or demineralization

1. Previous periodontal or endodontic disease 2. History of recurrent caries

treatment 12. Positive neurologic findings in the head and 3. High titers of cariogenic bacteria

2. History of pain or trauma neck 4. Existing restoration(s) of poor quality

3’ Familial history of dental anomalies 13. Evidence of foreign objects 5. Poor oral hygiene

4. Postoperative evaluation of healing 14. Pain and/or dysfunction of the temporomandibular 6. Inadequate fluoride exposure

5' Remineralization monitoring joint 7. Prolonged nursing (bottle or breast)

6. Presence of implants or evaluation for implant 15. Facial asymmetry 8. Frequent high sucrose content in diet

. placement 16. Abutment teeth for fixed or removable partial 9. Poor family dental health

B. Positive Clinical Signs/Symptoms prosthesis 10. Developmental or acquired enamel defects

1. Clinical evidence of periodontal disease 17. Unexplained bleeding 11. Developmental or acquired disability

2. Large or deep restorations 18. Unexplained sensitivity of teeth 12. Xerostomia

3. Deep carious lesions 19. Unusual eruption, spacing or migration of 13. Genetic abnormality of teeth

4. Malposed or clinically impacted teeth teeth 14. Many multisurface restorations

5. Swelling 20. Unusual tooth morphology, calcification or 15. Chemo/radiation therapy

6. Evidence of dental/facial trauma color ) 16. Eating disorders

7. Mobility of teeth 21. Unexplained absence of teeth 17. Drug/alcohol abuse

8. Sinus tract (“fistula”) 22. Clinical erosion 18. Irregular dental care
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COMMON DISTURBANCES IN
CHILDREN
ALVEOLAR ABSCESS
CELLULITIS
DEVELOPMENTAL ANOMALIES OF
THE TEETH
Odontoma
Fusion of the Teeth
Gemination
Dens Invaginatus (Dens in Dente)
EARLY EXFOLIATION OF TEETH
Hypophosphatasia
Cherubism (Familial Fibrous
Dysplasia)
Acrodynia
Hypophosphatemia (Familial or
X-Linked Hypophosphatemic
Rickets or Vitamin D-Resistant
Rickets)
Cyclic Neutropenia (Cyclic
Hematopoiesis)
Other Disorders
ENAMEL HYPOPLASIA
Hypoplasia Resulting from
Nutritional Deficiencies
Hypoplasia Related to Brain Injury
and Neurologic Defects
Hypoplasia Associated with
Nephrotic Syndrome
Hypoplasia Associated with
Allergies

Hypoplasia Associated with Lead
Poisoning (Plumbism)
Hypoplasia Caused by Local
Infection and Trauma
Hypoplasia Associated with Cleft
Lip and Palate
Hypoplasia Caused by lonizing
Radiation and Chemotherapy
Hypoplasia Resulting from Rubella
Embryopathy
Molar-Incisor Hypomineralization
(MIH)
Treatment of Hypoplastic Teeth
Hypoplasia Caused by Fluoride
(Dental Fluorosis)
Enamel Microabrasion to Remove
Superficial Enamel Discolorations
PRE-ERUPTIVE “CARIES”
(PRE-ERUPTIVE CORONAL
RESORPTION OR PRE-ERUPTIVE
INTRACORONAL RADIOLUCENCY)
TAURODONTISM
INHERITED DEFECTS OF DENTIN
Dentinogenesis Imperfecta
(Hereditary Opalescent Dentin)
Dentin Dysplasia
AMELOGENESIS IMPERFECTA
ENAMEL AND DENTIN APLASIA
AGENESIS OF TEETH
Anodontia
Hypodontia (Oligodontia)

COMMON DISTURBANCES IN CHILDREN

Hypodontia and Palatally Displaced
Canines

Hypodontia (Oligodontia) and Cancer

Ectodermal Dysplasias

INTRINSIC DISCOLORATION OF

TEETH (PIGMENTATION OF TEETH)

Discoloration in Hyperbilirubinemia

Discoloration in Porphyria

Discoloration in Cystic Fibrosis

Discoloration in Tetracycline Therapy

Bleaching of Intrinsic Tooth
Discoloration

MICROGNATHIA
ANOMALIES OF THE TONGUE

Macroglossia

Ankyloglossia (Tongue-Tie)

Fissured Tongue and Geographic
Tongue (Benign Migratory
Glossitis)

Coated Tongue

White Strawberry Tongue

Black Hairy Tongue

Indentation of the Tongue Margin
(Crenation)

Median Rhomboid Glossitis
(Central Papillary Atrophy of
the Tongue)

Trauma to the Tongue, with
Emphasis on Tongue Piercing

ABNORMAL LABIAL FRENUM

Frenectomy

Over the past half century, dental care for children
has become more readily available. Caries-preventive
programs have become more effective, and there has
been a steady decline in the incidence and prevalence
of dental caries in both primary and permanent teeth
among children worldwide (see Chapter 9). However,
according to the first United States Surgeon General’s
report on oral health in America, published in May
2000, dental caries remains the single most common
chronic childhood disease.! Periodontal disease is also

common; however, this is usually limited to the mild
gingivitis that will be experienced by most children. The
severe forms of periodontal disease involving bone loss
are rare in children and are found only in those with
altered immune function. Both caries and periodontal
disease are, for the most part, acquired and preventable
disturbances of the teeth and jaws. Other chapters of
this book are devoted to a more in-depth discussion of
the cause, prevention, and management of dental car-
ies (see Chapters 7, 9, 10, 11, and 13) and periodontal
disturbances (see Chapter 14). Another large category
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of acquired disturbances is injury to the teeth and sup-
porting tissues (see Chapter 27).

Many children have orthodontic conditions that
justify corrective treatment, and for some of them the
condition is serious enough to be categorized as de-
forming or even as a disability. Approximately 1 in
1000 children in the United States is born with a cleft
lip or palate. These conditions are primarily develop-
mental disturbances and are discussed in greater detail
in Chapters 5 and 23.

ALVEOLAR ABSCESS

An alveolar abscess may be acute or chronic and is as-
sociated with pulpal necrosis. In permanent teeth this is
usually a well-localized periapical lesion surrounded by
a fibrous capsule produced by fibroblasts that differenti-
ate from the periodontal membrane. The primary tooth
abscess is usually evident as a more diffuse infection, and
the surrounding tissue is less able to isolate or “wall off”
the process. The virulence of the microorganisms and the
ability of the host to react to the infection probably de-
termine whether the infection will be acute or chronic.

In its early stages the acute alveolar abscess may be diag-
nosed based on radiographic signs of periodontal ligament
space widening. The tooth may be sensitive to percus-
sion and movement, and the patient may be febrile. The
symptoms of an acute alveolar abscess can be relieved by
antibiotic therapy; however, the main tenet of treatment
involves removal of the cause of the infection, namely,
the necrotic pulp tissue. Relief of the symptoms is more
efficient if drainage is also established (Fig. 3-1) through
the pulp chamber of the tooth (in the case of a perma-
nent tooth) and/or the associated gingiva or by extraction
of the tooth. If extraction is selected as the best choice of
treatment at the emergency appointment and the patient
has an unremarkable medical history, concomitant anti-
biotic therapy is not always necessary. During this acute
infection phase, however, it is often difficult or impossible
to establish effective anesthesia for tooth extraction. It is
also considered unwise to inject local anesthetic solution
into inflamed and infected tissue; general anesthesia may
be required in severe cases. A significant collection of pus,
a spreading infection involving the floor of the mouth, or
posterior spread that might involve the orbit and cavern-
ous sinus should be regarded as potentially life-threatening
emergencies requiring surgery.

Drainage through the pulp chamber of a primary
tooth is almost impossible if subperiosteal pus is pres-
ent. Drainage through the pulp chamber of a permanent
tooth is established by creating a normal but complete,
traditional access cavity and instrumenting the canals to
permit drainage of the exudate. The endodontic instru-
ment should not pass the root apex. After initial debride-
ment and irrigation the opening to the chamber should
be closed unless exudate continues to drain. If pain oc-
curs during the excavation of tooth structure to establish
drainage, the discomfort can be lessened if the tooth is
stabilized by the dentist’s fingers.

A chronic alveolar abscess is less painful and is defined
by a more distinct radiographic lesion. Patients who are sys-
temically unwell will also have lymphadenopathy. Draining

Figure 3-1 A, Acute alveolar abscess associated with a pulp-
less second primary molar. B, Removal of the roof of the
pulp chamber to allow for drainage resulted in immediate
relief of pain. After the swelling is reduced, one can decide
whether the tooth is to be treated or extracted.

fistulas are frequently associated with chronic alveolar ab-
scesses. Usually, antibiotic therapy is unnecessary except
in patients with an overriding systemic comorbidity (e.g.,
those patients with organ transplants or who are immu-
nodeficient). Again, drainage and removal of the cause of
the infection are necessary through root canal therapy or
through extraction. If the lesion has only recently passed
the acute stage, there may be an indicative soft-tissue ab-
scess with an accumulation of pus. In this situation, inci-
sion and drainage may be indicated in addition to opening
the tooth, especially if the tooth is to be treated endodonti-
cally. If the lesion is in an advanced chronic stage, drainage
may already be established as a natural reaction (Fig. 3-2).

CELLULITIS

Cellulitis is a diffuse infection of the soft tissues that is
seen more frequently in younger children. It is similarly
caused by primary or permanent pulpal necrosis and is
characterized by considerable swelling of the face or neck
due to collateral edema and a spreading fascial infection;
the tissue appears dark and brawny.

Cellulitis may be very serious and life threatening. It is
usually a result of severe untreated caries in patients who
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Figure 3-2 A pedunculated granulomatous lesion overlying
the canine but associated with a chronic draining alveolar
abscess of the maxillary right first primary molar.

receive irregular, symptomatic dental care or who may have
had dental care only for treatment of dental emergencies.
Such children commonly come to the hospital emergency
department, where they appear acutely ill and may have a
high fever (greater than 40°C) with malaise and lethargy.

If a maxillary tooth is involved, the swelling and red-
ness may involve the eye (Fig. 3-3, A) and, if untreated,
may spread posteriorly to involve the brain with an abscess
or cavernous sinus thrombosis. Cellulitis resulting from
an infected mandibular tooth will spread to the floor of
the mouth along the fascial planes. An infection involv-
ing submandibular, sublingual, and submental spaces is
termed Ludwig’s angina. In this condition the tongue and
floor of the mouth become elevated to the extent that the
patient’s airway is obstructed and swallowing is impossible.

These cases usually require extraction of the primary
tooth or the establishment of drainage in permanent
teeth, if possible, by opening the pulp chamber of the
affected tooth. However, the child may have difficulty
opening the mouth to permit the procedure; also, inci-
sion of soft tissue to establish drainage is not indicated in
the early stages of cellulitis because of the diffuse, poorly
localized nature of the infection. Antibiotics are usually
indicated in these children.

The cultures isolated from these dental infections are
usually of mixed flora, predominantly gram-positive facul-
tative anaerobic microorganisms. They are usually capable
of producing hyaluronidase and fibrinolysins, which break
down the intercellular cementing substance (hyaluronic
acid) and fibrin, thus permitting rapid spread of the infec-
tion. A broad-spectrum antibiotic should be prescribed ear-
ly to reduce the possibility of the infection localizing and
draining on the outer surface of the face (see Fig. 3-3, B),
and penicillin remains the drug of first choice in nonaller-
gic patients. It should be emphasized to the patient or par-
ents that antibiotics will not heal the condition completely
and that follow-up treatment of the tooth is essential.
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Figure 3-3 A, Patient appears to be acutely ill because of an
infected permanent molar and resultant cellulitis. B, Use of
broad-spectrum antibiotics reduced the acute symptoms of
the disease and prevented extraoral drainage.

In severe infections, pus or exudate must be taken for
culture. Many anaerobic microorganisms will not be iden-
tified in such cultures unless specific tests are performed.
Nonetheless, if the infection does not respond to the ini-
tial antibiotic therapy, a second, more appropriate anti-
biotic may be selected after the causative organisms have
been identified. Molinari has emphasized the continuing
emergence of antibiotic-resistant bacterial strains that
render many common antimicrobial agents ineffective.?

Hospitalization is required for children with severe cel-
lulitis who are systemically unwell, those in whom the
clinical signs or symptoms warrant close monitoring, or if
there is any question as to whether the patient or parents
will follow through with the prescribed treatment. Hos-
pitalization is essential in any case involving a spreading
infection of the floor of the mouth, such as Ludwig’s an-
gina, because maintenance of a patent airway may require
the assistance of medical personnel. In these severe cases,
parenteral administration of antibiotics is recommended.

DEVELOPMENTAL ANOMALIES
OF THE TEETH

ODONTOMA

Abnormal proliferation of cells of the enamel organ
may result in an odontogenic hamartoma, commonly
referred to as an odontoma. An odontoma may form as
a result of altered proliferation of the dental epithe-
lium and budding of the primary tooth germ. Odon-
tomas may be compound, with multiple denticles, or
complex, presenting as a single mass of calcified tissue
(Figs. 3-4 and 3-5). An odontoma should be surgically
removed because it usually interferes with eruption of
teeth in the area. The presence of an odontoma should
alert the practitioner to inquire about the concurrent
presence of dysphagia or a family history of dysphagia,
perhaps due to hypertrophy of the smooth muscles of
the esophagus as a part of the rare autosomal-dominant
odontoma-dysphagia syndrome.?> Odontomas are dis-
cussed in detail in Chapter 28.
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Figure 3-4 Compound composite odontoma. The anoma-
lous structure consists of small structures resembling teeth.

FUSION OF THE TEETH

Fusion represents the union of two independently develop-
ing primary or permanent teeth. The condition is usually
limited to the anterior teeth and, like gemination (see the
following discussion), may show a familial tendency. Fusion
of teeth involving only cementum is termed concrescence.

The radiograph may show that the fusion is limited to
the crowns and roots. Fused teeth will have separate pulp
chambers and separate pulp canals (Fig. 3-6). Dental car-
ies may develop in the line of fusion of the crowns, neces-
sitating the placement of a restoration. A frequent finding
in fusion of primary teeth is the developmental absence
of one of the corresponding permanent teeth.

Care of such patients requires a multidisciplinary ap-
proach involving pediatric dentistry, endodontics, surgery,
restorative dentistry, and orthodontics. Surgical sectioning
and separation of fused teeth are possible, and, although
dentin is exposed, such teeth are easily moved orthodonti-
cally without the risk of ankylosis. Diagnosis may be dif-
ficult using traditional radiographic techniques due to the
superimposition of adjacent structures or other teeth, and
cone beam computed tomography is useful in determin-
ing the extent and exact location of the fusion. Initially
the presence of a single primary and permanent maxillary
central incisor may appear to be a product of fusion. How-
ever, if the single tooth is in the midline and is symmetric,

Figure 3-5 Complex composite odontoma.

with normal crown and root shape and size, then it may
be either an isolated finding or part of the solitary median
maxillary central incisor (SMMCI) syndrome. This is a het-
erogeneous condition that may include other midline de-
velopmental abnormalities of the brain (various degrees of
holoprosencephaly) and other structures that can be due
to mutation in the sonic hedgehog (SHH) gene at 7q36,
the SIX3 gene, or other genetic abnormalities. SMMCI can
be a feature of recognized syndromes or a finding in pa-
tients with specific chromosomal abnormalities. The de-
velopment of only one maxillary central incisor is an in-
dication for further evaluation for other anomalies such as
short stature with or without growth hormone deficiency,
microcephaly, choanal atresia, midnasal stenosis, and con-
genital nasal pyriform aperture stenosis.*

GEMINATION

A geminated tooth must be distinguished from a fused
tooth. It represents an attempted division of a single
tooth germ by invagination occurring during the prolifer-
ation stage of the growth cycle of the tooth, in which case
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Figure 3-6 Fusion of a permanent central and lateral incisor.

the geminated tooth appears clinically as a bifid crown on
a single root (Fig. 3-7). The crown is usually wider than
normal, with a shallow groove extending from the inci-
sal edge to the cervical region. The anomaly, which may
follow a hereditary pattern of occurrence, is seen in both
primary and permanent teeth, although it probably ap-
pears more frequently in primary teeth.

The treatment of a permanent anterior geminated
tooth may involve reduction of the mesiodistal width
of the tooth to allow for normal development of the oc-
clusion. Periodic “disking” of the tooth is recommended
when the crown is not excessively large, as is eventual
preparation of the tooth for restoration if dentin is ex-
posed. However, if the crown is extremely large, the tooth
size may be unable to be masked, necessitating removal
and a combined orthodontic and prosthodontic approach
to rehabilitation.

DENS INVAGINATUS (DENS IN DENTE)

Dens invaginatus (or a tooth within a tooth) can be diag-
nosed radiographically. This developmental anomaly is a
lingual invagination of the enamel, and can occur in pri-
mary and permanent teeth. Unusual cases of dens invagi-
natus have been reported in a mandibular primary canine,
a maxillary primary central incisor, and a mandibular sec-
ond primary molar. It is most often seen in the permanent
maxillary lateral incisors, and presence of deep lingual pits
should arouse suspicion. Grahnen and colleagues, in a study
of 58 families, found that more than one third of the par-
ents of children with dens invaginatus had dens invagina-
tus or deep lingual pits,’ indicating autosomal-dominant

Figure 3-7 Gemination of a mandibular lateral incisor. The
crown has a groove on the labial surface and is wider than
normal.

inheritance with variable expressivity and possibly incom-
plete penetrance (see Chapter 5 for definitions).

Anterior teeth with dens invaginatus are usually of nor-
mal shape and size. In other areas of the mouth, however,
the tooth can have an anomalous appearance. A dens in-
vaginatus is characterized by an invagination lined with
enamel and the presence of a foramen cecum, with the
probability of communication between the cavity of the
invagination and the pulp chamber (Fig. 3-8).

Application of sealant or a restoration in the opening of
the invagination is the recommended treatment to prevent
pulpal involvement. If the condition is detected before com-
plete eruption of the tooth, gingival tissue must be removed
to facilitate cavity preparation and restoration. A common
presentation may be tooth necrosis, and the child may have
an acute abscess. The prognosis of such teeth depends on
pulp morphology and restorability of the crown (Fig. 3-9).

EARLY EXFOLIATION OF TEETH

Variations in both the time of eruption and the time of
exfoliation of the primary teeth are frequently observed
in pediatric patients. A variation of as much as 18 months
in the exfoliation time of primary teeth may be consid-
ered normal. However, this pattern must be consistent
with other aspects of dental development. Exfoliation of
teeth in the absence of trauma in children younger than
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Figure 3-8 A, Small, “nonsticky” pits on the lingual surfaces of the maxillary lateral incisors are the only clues to the dens in

dente condition of the teeth revealed radiographically in B and C.

5 years of age merits special attention because it can be
related to local or systemic pathology.

Early exfoliation of primary teeth due to periodontitis
is uncommon and demands investigation (see Chapters 5
and 14). Along with hypophosphatasia, periodontitis sec-
ondary to immune deficiency or dysfunction appears to
be the most common cause of premature exfoliation of
the primary teeth. The term “aggressive periodontitis” re-
placed the terms “early-onset,” “prepubertal,” and “juve-
nile periodontitis” at a 1999 International Workshop for
the classification of periodontal diseases and conditions,
where it was decided that the classification terminol-
ogy should not be age-dependent or require knowledge
of rates of progression.® Aggressive periodontitis can be
formed by a mutation in the CTSA gene that codes for
cathepsin C. Mutations in CTSA can also result in Haim-
Munk syndrome or Papillon-Lefévre syndrome.”.8

HYPOPHOSPHATASIA

The clinical dental finding for the diagnosis of hypo-
phosphatasia in children is premature exfoliation of

the anterior primary teeth associated with deficient
cementum. The loss of teeth in the young child may
be spontaneous or may result from a minimal trauma
in the absence of gingival inflammation. The loss of
alveolar bone may be limited to the anterior region.
Hypophosphatasia is characterized by improper miner-
alization of bone caused by deficient tissue-nonspecific
alkaline phosphatase activity in serum, liver, bone, and
kidney. Increased levels of urinary phosphoethanol-
amine and serum pyridoxal-5’-phosphate (vitamin Byg)
are also seen since alkaline phosphatase acts in vitamin
B metabolism.

Ongoing study into the etiology of hypophosphatasia in-
dicates that the usually lethal autosomal-recessive infantile
type (I), the usually autosomal-recessive milder juvenile type
(II), and the autosomal-dominant adult type (III) are due to
different mutations and heterozygosity vs. homozygosity in
the tissue-nonspecific isoenzyme of the alkaline phospha-
tase (ALPL) gene. Hu and colleagues state that, as a general
rule, the earlier the appearance of the disease, the greater
its severity.? Early exfoliation of the primary teeth is usually
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Figure 3-9 Dens in dente in a maxillary lateral incisor.

A communication between the invagination and the pulp
chamber apparently caused pulpal necrosis.

associated with the juvenile type (II), although such a
history may also be present in the adult type (III).° Diagno-
stic tests should include the determination of serum alkaline
phosphatase levels in parents and siblings.

Pseudohypophosphatasia, first described by Scriver
and Cameron, is a rare disorder in which the child has the
phenotype of juvenile hypophosphatasia and elevated
levels of urinary phosphoethanolamine, but plasma alka-
line phosphatase activity is normal.'° However, the clinical
findings are similar to those of juvenile hypophosphatasia.
Pseudohypophosphatasia occurs when there is alkaline
phosphatase activity toward artificial substrates, with a
lack of activity toward endogenous substrates, resulting
in a clinical picture indistinguishable from that of classic
hypophosphatasia.

CHERUBISM (FAMILIAL FIBROUS DYSPLASIA)

Cherubism is a rare childhood disease affecting jaw develop-
ment. The children have “chubby” facies and upturned
eyes, giving the condition its name. Cherubism is usually
inherited as an autosomal-dominant trait, with some-
what reduced penetrance in females. The expression may
be so variable that a parent who appears to be clinically
normal may have a history of prominent facial swellings
or radiographic evidence of an abnormal bone pattern
in the mandible. Although disease progression is ex-
pected to stabilize or even regress after puberty, a few very
aggressive cases, sometimes producing morbid results,
have been reported.!! At least four cases of nonfamilial

cherubism have been reported, suggesting occasional
sporadic occurrences from spontaneous mutations.
Cherubism may also be associated with the rare, appar-
ently autosomal-recessive, Ramon syndrome (cherubism,
eye anomalies, epilepsy, mental deficiency, hypertrichosis,
lack of growth, juvenile theumatoid arthritis, and gingival
fibromastosis).1?

The gene for cherubism has been mapped to chromo-
some 4p16, and follow-up work by Ueki and colleagues
found that mutations in the gene encoding c-Abl-
binding protein SH3BP2 on chromosome 4p16.3 cause
cherubism.!® They found several different SH3BP2 gene
mutations in patients with cherubism, which probably re-
sulted in a gain-of-function or dominant-negative effect,
although other gene(s) may also cause cherubism in oth-
er patients. They postulated that the onset of cherubism
and its anatomically circumscribed characteristics may
be related to dental developmental processes in children,
when signals unique to the mandible and maxilla are
transmitted through the extracellular matrix, triggered by
the eruption of secondary teeth.

Characteristically there is a symmetric enlargement of
the jaws that may be noted at an early age. Radiographi-
cally the condition presents multilocular areas of bone
destruction (soap-bubble lesions) and thinning of the cor-
tical plate (Fig. 3-10). Teeth in the involved area may ex-
foliate prematurely because of the loss of support or root
resorption or, in permanent teeth, because of interference
in the development of roots. Spontaneous loss of teeth
may occur, or the child may pull the teeth from the soft
tissue. Developing permanent teeth are usually ectopic,
being displaced by the growing lesion.

McDonald and Shafer reported a case in which the
mandible and maxilla of a 5-year-old girl were symmetri-
cally enlarged.'* Radiographs showed multilocular cystic
involvement of both mandible and maxilla. A complete
skeletal survey failed to reveal similar lesions in other
bones. Microscopic examination of a segment of bone
showed a large number of multinucleated giant cells scat-
tered diffusely throughout a cellular stroma. The giant
cells were large and irregular in shape and contained from
30 to 40 nuclei. During a 10-year observation period, the
bony lesions had not progressed appreciably.

The patient illustrated in Figure 3-10 was followed into
adulthood, and her mouth was restored satisfactorily. A
comparison of the full-face photographs in Figures 3-10,
A and I, illustrates that, as the face increases in height,
the “cherubic” appearance caused by the bilateral bulg-
ing of the bone of the mandible is less apparent. Seven
permanent teeth in the upper and lower arches were
retained and prepared for Baker attachments. Complete
dentures were constructed to restore function and im-
prove appearance.

Pierce and colleagues have reported their 15-year den-
tal management of a mother and two daughters with
inherited craniofacial fibrous dysplasia.'> The daughters
exhibited clinical and radiographic appearances similar
to those of the patient just described, but the authors
consider fibrous dysplasia and cherubism to be separate
entities. Their treatment of the daughters, though more
aggressive, resulted in nearly complete dentitions. Treat-
ment included surgical autotransplantation of several
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Figure 3-10 A, Enlargement of the cheeks caused by bilateral bulging of the bone of the mandible. B and C, Lateral and
anteroposterior cephalometric radiographs. Notice the displacement of the mandibular anterior teeth in a large area of bone
destruction, the locular cystic involvement of the mandible and maxillae, and the number of missing teeth. D, Full-mouth
radiographs demonstrating large areas of bone destruction and several missing teeth.
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Figure 3-10, cont’d E through H, When the patient was 18 years of age, the permanent teeth with good support were pre-
pared for Baker attachments, and complete dentures were constructed. I, The restored mouth and improved appearance of
the adult.

47
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teeth and bony recontouring. Orthodontic therapy was
also provided for one child. Orthodontics was recom-
mended for the other child but was declined; her dental
alignment was acceptable 3 years after surgery. Von Wow-
ern published an extensive review of the literature and a
36-year follow-up of families with cherubism.!¢

ACRODYNIA

Acrodynia or pink disease results from the exposure of
young children to minute amounts of mercury; oint-
ments and medications are the usual sources of the mer-
cury. Weinstein and Bernstein reported on 20-month-old
twin girls who came to a hospital with the classic signs
and symptoms of acrodynia.!” Further investigation re-
vealed that the girls had been receiving once- or twice-
weekly doses of a mercury-containing teething powder
during the preceding 4 months. Apparently such prepara-
tions are still available in some countries. Horowitz and
colleagues reported on two young brothers who received
a diagnosis of acrodynia after playing repeatedly with a
broken sphygmomanometer.!® Dental amalgam restora-
tions do not cause acrodynia.

The clinical features of the disease include fever, an-
orexia, desquamation of the soles and palms (causing
them to be pink), sweating, tachycardia, gastrointestinal
disturbance, and hypotonia. The oral findings include
inflammation and ulceration of the mucous membrane,
excessive salivation, loss of alveolar bone, and premature
exfoliation of teeth.

HYPOPHOSPHATEMIA (FAMILIAL OR X-LINKED
HYPOPHOSPHATEMIC RICKETS OR VITAMIN D-
RESISTANT RICKETS)

As reported by Hartsfield, hypophosphatemia is the most
common inherited abnormality of renal tubular trans-
port.!? Clinical features become evident in the second year
of life and include short stature and bowing of the lower
extremities in affected boys. Premature tooth exfoliation
is sometimes also a feature. The inheritance pattern of the
disease is usually X-linked dominant, and the disorder is
twice as common in females as in males. The HYP Consor-
tium of investigators found mutations in the PHEX (also
called PEX) gene on the X chromosome in patients with
this condition.?®

Other dental manifestations often include periapical
radiolucencies, abscesses, and fistulas associated with pulp
exposures in the primary and permanent teeth. Pulpal ne-
crosis is caused by abrasion of the thin, hypomineralized
enamel, exposing the pulp horns that extend to the den-
tinoenamel junction or even to the external surface of the
tooth. Dental radiographs show rickety bone trabecula-
tions and absent or abnormal lamina dura.

McWhorter and Seale found that 25% of their patients
with vitamin D-resistant rickets (VDRR) were affected with
abscesses in primary teeth.?! The results of their study indi-
cated that the presence of one abscess is a predictor of future
abscesses in the same patient. The authors suggested that
early prophylactic treatment of all posterior primary teeth
with pulpotomies and stainless steel crown placement may
be the most conservative therapy for a patient with VDRR
who develops a spontaneous abscess. However, a follow-up

retrospective study by Shroff and colleagues found the suc-
cess rate for prophylactic pulpotomies in these patients to
be only 44%.2? They concluded that, based on the current-
ly available data, prophylactic pulpotomy therapy cannot
be recommended for patients with VDRR. They also sug-
gested that a more aggressive approach involving prophy-
lactic pulpectomy, as previously advocated by Rakocz and
colleagues, may be indicated in these patients and encour-
aged further investigation in this area.??

CYCLIC NEUTROPENIA (CYCLIC
HEMATOPOIESIS)

Cyclic neutropenia is an autosomal-dominant condition
in which affected individuals are at risk for opportunis-
tic infection during intervals of neutropenia that occur
in a 21-day cycle concomitant with oscillation in bone
marrow blood cell production. Levels of monocytes,
platelets, lymphocytes, and reticulocytes also cycle with
the same frequency. Although, classically, the cycle has
been reported to be 21 days, it has also been reported to
occur every 15-35 days in 20 cases from five families.?*
Thus the periodicity of the neutropenia and associated
oral ulcerations may be of greater diagnostic significance
than the actual length of time between manifestations.
Horwitz and colleagues found several different single-
base substitutions in the ELA2 gene encoding neutrophil
elastase (also known as leukocyte elastase, elastase 2, and
medullasin) in affected individuals and hypothesized that
a perturbed interaction between neutrophil elastase and
serpins or other substrates may regulate mechanisms gov-
erning the clocklike timing of hematopoiesis.2’

The condition may appear at any age, and numerous
cases in children have been reported. The patients have
fever, malaise, sore throat, stomatitis, and regional lym-
phadenopathy as well as headache, cutaneous infection,
and conjunctivitis accompanying the neutropenia. Chil-
dren exhibit severe gingivitis with ulceration. When the
neutrophil count returns to normal, the gingiva may re-
turn to a nearly normal clinical appearance. Children
experiencing repeated insults from the condition have a
considerable loss of supporting bone around the teeth. A
case report by da Fonseca and Fontes describes a young
woman who had suffered from poor oral health through-
out her lifetime, and as she approached 21 years of age,
all her remaining permanent teeth were finally removed.?®
Soon after the extractions, her blood counts improved to
levels not previously seen by her hematologist. In some
children, the condition may disappear during adolescence.

OTHER DISORDERS

Premature exfoliation due to periodontal disease may be
caused by quantitative neutrophil disorders or qualita-
tive disorders, including acatalasia, Chédiak-Higashi syn-
drome, or leukocyte adhesion defect (LAD). Early loss of
primary teeth is seen in other systemic conditions, such
as Coffin-Lowry syndrome, Down syndrome, Ehlers-Danlos
syndrome types IV and VIII, Hajdu-Cheney syndrome,
hyperpituitarism, hyperthyroidism, juvenile diabetes,
Papillon-Lefévre syndrome, progeria, Singleton-Merten
syndrome, Langerhans’ cell histiocytosis (see Chapter 28),
and the leukemias (see Chapter 26).
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ENAMEL HYPOPLASIA

Amelogenesis occurs in three stages. In the first stage,
the enamel matrix is secreted by ameloblasts and in the
second stage, it undergoes calcification; a final stage of
enamel maturation, with crystal growth and removal of
water and protein, continues until eruption. Local or sys-
temic factors that interfere with normal matrix formation
cause disorders of tooth quantity with enamel surface de-
fects and irregularities termed enamel hypoplasia. Factors
that interfere with calcification and maturation of the
enamel and are disorders of quality are termed enamel
hypocalcification.

Enamel hypoplasia may be mild and may result in a
pitting of the enamel surface or in the development of a
horizontal line across the enamel of the crown. If amelo-
blastic activity has been disrupted for a long period, gross
areas of irregular or imperfect enamel formation occur.
Generalized enamel hypoplasia is often seen as a compo-
nent of many syndromes.

Postnatal hypoplasia of the primary teeth is probably as
common as hypoplasia of the permanent teeth, although
the former usually does not occur in as severe a form. The
hypoplasia of the primary enamel that occurs prior to birth
is less common and usually arises from complications of
premature birth (Fig. 3-11). In its mildest form, a prenatal
disturbance is reflected as an accentuated neonatal ring in
the primary tooth. In the severe type of neonatal distur-
bance, enamel formation is sometimes arrested at birth or
during the neonatal period (Fig. 3-12). Postnatal amelogen-
esis is confined to the portion of the crown located cervi-
cally from the enamel area present at birth (Fig. 3-13).

Seow and colleagues have observed that enamel hy-
poplasia of the primary teeth is common in prematurely
born, very-low-birthweight children; its pathogenesis is
not understood clearly,?” but it is likely to occur due to
neonatal hypocalcemia or hypoxia. An important local
factor is trauma from laryngoscopy and endotracheal intu-
bation, which usually results in localized enamel hypopla-
sia involving only the left maxillary anterior teeth. Slayton
and colleagues examined 698 well-nourished and healthy
children from 4 to 5 years of age and found that 6% had at
least one primary tooth with enamel hypoplasia.?®

b 1
I, i

et 9
Figure 3-11 Prenatal enamel hypoplasia. The medical
history revealed that the patient suffered from cerebral
palsy as a result of premature birth (gestation, 6
months; birth weight, 2 Ib, 5 0z). (Courtesy Dr. Stanley
C. Herman.)

HYPOPLASIA RESULTING FROM NUTRITIONAL
DEFICIENCIES

Many clinical investigations have been undertaken to
determine the relationship between hypoplastic defects
of enamel and systemic disabilities. Relatively little im-
portance has been placed on exanthematous fevers, but
deficiency states, particularly those related to deficiencies
in vitamins A, C, and D, calcium, and phosphorus, can
often be related to the occurrence of enamel hypoplasia.
Sarnat and Schour observed that, in a group of 60 chil-
dren who had adequate medical histories, two thirds of the
hypoplastic disturbances occurred during infancy (from
birth to the end of the first year)?® (Fig. 3-14). Approxi-
mately one third of enamel hypoplasia was found in the
portion of teeth formed during early childhood (from 13
to 34 months) (Fig. 3-15). Less than 2% of enamel defects
found originated in late childhood (from 35 to 80 months).

Figure 3-12 Neonatal enamel hypoplasia. Only the most
cervical parts of the intrinsically stained areas are hypoplas-
tic. The child experienced severe nutritional deficiency dur-
ing the first month of extrauterine life. (Courtesy Dr. Stanley
C. Herman.)
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Figure 3-13 Enamel hypoplasia that occurred during
infancy. A wide band of pitted enamel is evident on the
maxillary and mandibular permanent incisors and first
permanent molars. The child was severely affected with
pneumonia at 6 months of age. (Courtesy Dr. Stanley C.
Herman.)
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Figure 3-14 Enamel hypoplasia that developed as the result
of a nutritional deficiency during infancy. The first perma-
nent molars, maxillary central incisors, and mandibular
incisors show hypoplastic enamel and dentin.

Figure 3-15 Enamel hypoplasia occurred during early child-
hood. Enamel formation on the incisal third of the lower
incisors and the maxillary central incisors is normal.

Sheldon and colleagues sought to determine whether
the defects in enamel were related to the occurrence of
systemic ailments.3? They examined ground sections of
95 teeth from 34 patients for whom detailed medical his-
tories were available. In more than 70% of the individu-
als, a positive correlation was established between the
time of formation of a band of defective enamel and the
existence of some systemic disability. However, defects in
enamel occurred in 23% of patients who had no history
of systemic conditions that might have produced enamel
defects. No enamel changes occurred in 6% of patients
who had histories of disabilities that had produced enam-
el changes in other patients. Deficiencies of vitamins A, C,
and D, calcium, and phosphorus were the most common
causes of defective enamel formation.

Purvis and colleagues, in a study of 112 infants with
neonatal tetany, observed that 63 (56%) later showed se-
vere enamel hypoplasia of the primary teeth.3! Histologic
examinations revealed a prolonged disturbance of enamel
formation in the 3 months before birth. An inverse rela-
tionship was demonstrated between the mean daily hours

of bright sunshine in each calendar month and the inci-
dence of neonatal tetany 3 months later. This observation
suggested that enamel hypoplasia and neonatal tetany can
be manifestations of vitamin D deficiency during pregnancy
and are most likely the result of secondary hyperparathy-
roidism in the mother. A significantly higher mean
maternal age and a preponderance of lower social class
were also seen in the mothers of those in the tetany group.

In some children a mild deficiency state or systemic
condition without clinical symptoms can apparently inter-
fere with ameloblastic activity and can produce a perma-
nent defect in the developing enamel.

HYPOPLASIA RELATED TO BRAIN INJURY
AND NEUROLOGIC DEFECTS

Herman and McDonald studied 120 children with cere-
bral palsy between 2.5 and 10.5 years of age (for whom
complete medical records were available) to determine
the prevalence of dental hypoplasia, and compared them
with 117 age-matched healthy children. 32 They observed
enamel hypoplasia in 36% of children with cerebral palsy
and in 6% of healthy children. A definite relationship be-
tween the time of occurrence of the possible factors that
could have caused brain damage and the apparent time
of origination of the enamel defect (based on its location
in the enamel on the crown of the tooth) was established
for 70% of the affected teeth of children with cerebral
palsy (see Fig. 3-11). Evidence of enamel hypoplasia is an
aid to the clinician and the research worker in determin-
ing when brain injury occurred in patients in whom the
cause is not clearly defined.

Cohen and Diner observed that enamel defects oc-
curred with greatest frequency in children with low in-
telligence quotients and a high incidence of neurologic
defects.?> They found that chronologically distributed
enamel defects were a valuable aid in neurologic diagno-
sis because they occur commonly in children with brain
damage. In addition, the defects indicate the time of insult
to the developing fetus or infant, even when the history
is reportedly negative. Martinez and colleagues examined
170 children between 4 and 17 years of age (mean age,
12.03 years) with mental retardation and no history of
dental trauma.3* They found that 37% of these children
had dental enamel defects.

HYPOPLASIA ASSOCIATED WITH NEPHROTIC
SYNDROME

Oliver and Owings observed enamel hypoplasia in perma-
nent teeth in a high percentage of children with nephrot-
ic syndrome and found a correlation between the time of
severe renal disease and the estimated time at which the
defective enamel formation occurred.®> Similarly Koch
and colleagues found a high incidence of enamel defects
in the primary teeth of children diagnosed with chronic
renal failure early in infancy.3¢

HYPOPLASIA ASSOCIATED WITH ALLERGIES

Rattner and Myers discovered a correlation between
enamel defects of the primary dentition and the presence
of severe allergic reactions.?” Enamel defects were present
in 26 of 45 children with congenital allergies. The enamel
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lesions were localized in the occlusal third of the primary
canines and first molars.

HYPOPLASIA ASSOCIATED WITH LEAD
POISONING (PLUMBISM)

Lawson and Stout observed that in areas of Charleston,
South Carolina, where there are very old frame buildings,
the incidence of pitting hypoplasia was approximately
100% greater than published standards or the incidence
in their control group of children.?® They suggested that
dentists treating children with unexplained pitting hypo-
plasia should consider previous exposure to lead as a part
of their health evaluation, particularly if the child is from
a family in a low economic stratum.

Pear]l and Roland have pointed out that the fetus of a
mother with lead poisoning can be affected because lead
readily crosses the placenta during pregnancy.*’ They ob-
served significant delays in development and eruption of
the primary teeth in the child of such a mother. They
also listed pica (ingestion of unusual objects to satisfy an
abnormal craving) as a common sign of plumbism in chil-
dren from 1 to 6 years old as well as in their mothers. One
mother admitted eating plaster from her apartment walls
during several months of pregnancy.

HYPOPLASIA CAUSED BY LOCAL INFECTION
AND TRAUMA

Enamel hypoplasia resulting from a deficiency state or a
systemic condition will be evident on all the teeth that
were undergoing matrix formation and calcification at
the time of the insult. The hypoplasia will follow a defi-
nite pattern. Individual permanent teeth often have hy-
poplastic or hypocalcified areas on the crown that result
from infection or trauma (Figs. 3-16 and 3-17).

Turner first described this localized type of hypopla-
sia.?0 He noted defects in the enamel of two premolars
and traced the defects to apical infection of the nearest
primary molar. Enamel hypoplasia resulting from local
infection is called Turner tooth.

Bauer concluded, from a study of autopsy material, that
the periapical inflammatory processes of primary teeth ex-
tend toward the buds of the pertinent permanent teeth
and affect them during their prefunctional stage of erup-
tion.*! The infection fails to stimulate the development of
a fibrous wall that would localize the lesion. Instead the
infection spreads diffusely through the bone around the
buds of the successors and thereby affects the important
protective layer of the young enamel, the united enamel
epithelium. Bauer found that in some cases the united
enamel epithelium was destroyed and the enamel was ex-
posed to inflammatory edema and to granulation tissue.
The granulation tissue later eroded the enamel and de-
posited a well-calcified, metaplastic, cementum-like sub-
stance on the surface of the deep excavation.

A traumatic blow to an anterior primary tooth that
causes its apical displacement can interfere with matrix
formation or calcification of the underlying permanent
tooth. The trauma or subsequent periapical infection fre-
quently produces defects on the labial surface of the perma-
nent incisor (Fig. 3-18). The retention of infected primary
teeth, even if they are asymptomatic, is unjustifiable.

Figure 3-16 A, Infected mandibular second primary molar
has caused hypoplasia of the second premolar and delayed
eruption of the tooth. B, Hypoplasia is evident in the occlusal
third of the second premolar.

The development of hypoplastic defects on the permanent
tooth, its deflection from the normal path of eruption, and
even death of the developing tooth may result.

HYPOPLASIA ASSOCIATED WITH CLEFT LIP
AND PALATE

Mink studied the incidence of enamel hypoplasia of the
maxillary anterior teeth in 98 patients with repaired bilat-
eral and unilateral complete cleft lip and palate; the age
of the individuals ranged from 1.5 to 18 years.*> Among
them, 66% with maxillary anterior primary teeth had one
or more primary teeth affected with enamel hypopla-
sia and 92% with erupted maxillary anterior permanent
teeth had one or more permanent teeth affected with
enamel hypoplasia. Mink concluded that the permanent
teeth are in earlier stages of development at the time of
the surgical procedure and are more subject to damage.
Vichi and Franchi, however, suggested that dental anom-
alies, including hypoplasia, probably result from multiple
causes.** They emphasized the difficulty in understand-
ing the role played by genetic factors, postnatal environ-
ment, nutrition, and surgical influences in the develop-
ment of dental anomalies.
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Figure 3-17 A, Only a root fragment remains as evidence of
a pulpless first primary molar. The infection has affected the
development of the first premolar. B, The second primary
molar has been exfoliated prematurely. The first premolar is
malformed as a result of the infection in the area. €, The mal-
formed calcified mass (arrow) is surrounded by inflamed tissue.

HYPOPLASIA CAUSED BY IONIZING RADIATION
AND CHEMOTHERAPY

Numerous dental abnormalities may result in surviv-
ing children who receive high-dose radiotherapy and
chemotherapy during the time their teeth are forming.
Kaste and colleagues reviewed clinical and radiographic
records of 423 survivors of acute lymphoblastic leukemia
(ALL).** Among these patients, they observed root stunting
in 24.4%, microdontia in 18.9%, hypodontia in 8.5%,

Figure 3-18 Hypoplastic defect on the labial surface of a
mandibular permanent central incisor (arrow). There was a
history of trauma to the primary tooth.

taurodontia in 5.9%, and over-retention of primary teeth
in 4%. The patients who were younger than 8 years old
at diagnosis or who received cranial irradiation (in addi-
tion to chemotherapy) developed more dental abnormali-
ties than those older than 8 years at diagnosis and those
who did not receive cranial irradiation. They also noted
that the resulting dental defects could affect the survivors’
quality of life. The advent of intrathecal chemotherapy
has almost eliminated cranial relapse in children with
ALL and has reduced the need for cranial irradiation.

Maguire and Welbury point out that, as survival rates
for children with cancer improve, the emphasis in thera-
py has moved from saving children at all costs to saving
children at the least cost to the child, and therapy pro-
tocols are continually reviewed with this goal in mind.*>

Children who receive high-dose radiotherapy for the
treatment of a malignancy are at risk for developing ram-
pant caries in the irradiated area. The main cause is due to
reduced or destroyed major salivary gland function.

Ameloblasts are somewhat resistant to x-radiation.
However, a line of hypoplastic enamel that corresponds
to the stage of development at the time of therapy may
be seen (Fig. 3-19). Radiotherapy will have a more severe
effect on the development of the dentin, and root forma-
tion will be stunted. Occasionally the development of the
permanent teeth will be arrested (Fig. 3-20).

HYPOPLASIA RESULTING FROM RUBELLA
EMBRYOPATHY

Musselman examined 50 children (average age, 2.5 years)
with congenital anomalies attributed to in utero infection
with rubella.*® Enamel hypoplasia was found in 90% of
the affected children compared with only 13% of the un-
affected children. Tapered teeth also occurred in 78% of
the children with a history of rubella (Fig. 3-21). Notched
teeth were present in nine of the affected children and
none of the unaffected children.

MOLAR-INCISOR HYPOMINERALIZATION (MIH)

It should be noted that interference with dental develop-
ment at birth, or while the enamel of the permanent first
molars and permanent incisors is forming, may result in
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Figure 3-19 X-radiation caused hypoplastic defect on the

crown of the first permanent molar (arrow) and stunting of
root development.

Figure 3-20 Absence of developing premolars and the mal-
formed second permanent molar were caused by excessive
x-radiation.

a qualitative effect on the mineralization of one to four of
the first permanent molars with or without involvement
of the maxillary and mandibular permanent incisors. This
has been referred to as molar-incisor hypomineralization
(MIH). Although the mechanism(s) remain unclear, pos-
sible causes have been reported to include asthma, pneu-
monia, upper respiratory tract infections, otitis media,
antibiotics, dioxins in mother’s milk, tonsillitis and ton-
sillectomy, and exanthematous fevers of childhood.*’

TREATMENT OF HYPOPLASTIC TEETH

The contention that hypoplastic teeth are more suscep-
tible to dental caries than are normal teeth has little sup-
porting evidence. Carious lesions do develop, however,
in the enamel defects and in areas of the clinical crown
where dentin is exposed. Small carious and pre-carious
areas may be restored with composite resin or a glass
ionomer. The restoration is usually confined to the area
of involvement. The occlusal third of the first permanent
molar often shows gross evidence of hypoplasia, and
treatment is necessary before the tooth fully erupts. The
most successful restorations for young children are those
involving full coverage, namely, stainless steel crowns.
Hypoplastic primary and permanent teeth with large
areas of defective enamel and exposed dentin may be

Figure 3-21 The mother of this child had rubella in the
eighth week of pregnancy. The primary teeth were tapered
and had a rough hypoplastic surface. The child had a pat-
ent ductus arteriosus, pulmonary stenosis, and a cognitive
disability. There was also a history of difficult feeding and
dehydration at 2 months of age. (Courtesy Dr. Robert
Musselman.)

sensitive as soon as they erupt. Satisfactory restoration
may not be practical at this time. The topical application
of fluoride has been found to decrease tooth sensitivity.
The application should be repeated as often as necessary
to reduce sensitivity to thermal change and acid foods.

HYPOPLASIA CAUSED BY FLUORIDE
(DENTAL FLUOROSIS)

Excess ingestion of fluoride can affect ameloblasts during
the appositional, calcification, and maturation stages of
tooth development, causing the clinical entity called dental
fluorosis or mottled enamel. The appearance of enamel
affected by excessive fluoride during formation varies con-
siderably. Although the more severe cases of dental fluorosis
are associated with a high level of fluoride consumption,
there is apparently considerable individual variation. The
affected enamel is often limited superficially to the outer
100- to 200-pum layer, with appearance ranging from fine
white flecks to brown opaque lesions and/or pitting.

Dental fluorosis is seen most often in permanent teeth,
but it has also been observed in primary teeth. Levy and
colleagues observed fluorosis of primary teeth in 12.1%
of 504 children,* most often on second primary molars.
The middle of the first year of life seemed to be the most
important time with regard to the development of fluo-
rosis in the primary dentition, based on their estimates of
fluoride ingested prenatally and during the first year of
life in these children. Otherwise, in relation to permanent
incisor fluorosis, the exposure to excess fluoride between
18 months and 3 years of age, when the enamel is matur-
ing, is most important. It should be noted that the opaci-
ties present are areas of hypomineralization and porosity
in the enamel. The surface of newly erupted enamel is
subject to abrasion causing pits and stains and is termed
posteruptive breakdown.

The existence of a genetic influence on the develop-
ment of fluorosis is supported by the finding that some
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inbred strains of mice are much more susceptible to fluo-
rosis than are other strains that receive the same fluoride
dosage under identical conditions. Studies of these dif-
fering mouse strains should identify candidate genes for
study in human cases of dental and skeletal fluorosis.*’

ENAMEL MICROABRASION TO REMOVE
SUPERFICIAL ENAMEL DISCOLORATIONS

For many years some dentists have advocated the ap-
plication of hydrochloric acid as an effective method
for destaining mottled enamel. McCloskey described
a technique, originally advocated by Kane, that used
18% hydrochloric acid on the affected enamel sur-
faces.>0 Croll has proposed a modified procedure called
enamel microabrasion, in which a specially prepared
abrasive compound (Prema; Premier Dental Products,
King of Prussia, Pennsylvania) is applied to the discol-
ored enamel areas, similarly to prophylaxis paste, using
a synthetic rubber applicator in a 10:1 gear-reduction
handpiece.>! Frequent rinsing with water and reeval-
uation of the tooth for color correction are required.
The instrumentation is continued until the undesirable
coloration is removed or until a noticeable amount of
enamel is being removed when the tooth is viewed inci-
sally. Finally the abraded teeth are polished with a fine
fluoridated prophylactic paste and given a 4-minute
fluoride treatment (Fig. 3-22).

Croll and Helpin have introduced a new delivery sys-
tem for the microabrasion procedure.>? A viscous, water-
soluble abrasion slurry containing hydrochloric acid and
silicon carbide microparticles (Opalustre; Ultradent Prod-
ucts, South Jordan, Utah) is conveniently applied to the
tooth surface using a syringe. Bleaching of vital teeth may
be used in combination with enamel microabrasion to
help remove deeper intrinsic discolorations. (Bleaching is
discussed later in this chapter.)

Microabrasion may also be achieved by judicious pol-
ishing of the tooth surface with multifluted tungsten car-
bide burs.

PRE-ERUPTIVE “CARIES” (PRE-ERUPTIVE
CORONAL RESORPTION OR
PRE-ERUPTIVE INTRACORONAL
RADIOLUCENCY)

Occasionally the defects on the crowns of developing
permanent teeth are evident radiographically, even
though no infection of the primary tooth or surround-
ing area is apparent (Fig. 3-23). Muhler referred to this
condition as pre-eruptive “caries.”*3 Such a lesion often
does resemble caries when it is observed clinically, and
the destructive lesion progresses if it is not restored. As
soon as the lesion is reasonably accessible, the tooth
should be uncovered by removal of the overlying pri-
mary tooth or by surgical exposure. The caries-like den-
tin is then excavated, and the tooth is restored with a
durable temporary or permanent restorative material.
In some cases, the lesion may be so extensive that indi-
rect pulp therapy is justified (Fig. 3-24).

Mueller and colleagues reported caries-like, bilateral
intra-coronal radiolucencies in mandibular permanent

B & 2
Figure 3-22 A, Mottled enamel. Because the brown
pigmentation and white splotchy areas were objection-
able, the teeth were treated by enamel microabrasion.
B, Much of the pigment has been removed by enamel
microabrasion.

Figure 3-23 Pre-eruptive “caries” on the crown of an un-
erupted first premolar (arrow).
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Figure 3-24 A and B, Pre-eruptive “caries” in a mandibular right first permanent molar that is still unerupted. C, Mirror view of
the lesion on the occlusal surface of the unerupted tooth. D, Mirror view of excavated cavity after gross caries removal. E, Mirror
view of temporary restoration 1 week postoperatively (dark spot on mesial marginal ridge area is an artifact). F, Nine months
postoperatively, patient had continued normal root development and eruption of the tooth. The temporary restoration remained
3 months before the tooth was re-entered and restored with amalgam. (Courtesy Drs. George E. Krull and James R. Roche.)
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second molars of a 12-year-old patient.>* Both lesions
were successfully treated in a fashion similar to the treat-
ment illustrated in Figure 3-24. Holan and colleagues re-
ported three cases in which similar management of pre-
eruptive tooth defects was successfully performed.>> Their
experience and a review of other reported cases suggest
that impacted teeth or teeth delayed in eruption may be
at higher risk for developing such lesions.

Seow and associates3®57 determined the prevalence of
pre-eruptive dentin radiolucencies in permanent teeth to
be 2% (in 6% of the study population) using bitewing ra-
diographs and 0.5% (in 3% of the study population) using
panoramic radiographs. The authors emphasized the impor-
tance of careful study of radiographic images of unerupted
teeth so that early detection and treatment are possible.

TAURODONTISM

Lysell credits Keith with giving the name to the phenom-
enon known as taurodontism.>® This anomaly is character-
ized by a tendency for the body of the tooth to enlarge at
the expense of the roots. The pulp chamber is elongated
and extends deeply into the region of the roots (Fig. 3-25).
A similar condition is seen in the teeth of cud-chewing
animals such as the bull (Latin, taurus).

Jaspers and Witkop noted that taurodontism is found in
about 2.5% of Caucasian adults as an isolated trait as well
as in individuals with syndromes such as tricho-dento-
osseous syndrome, otodental dysplasia, and X-chromo-
some aneuploidies.>” Mena observed a mother and seven
children, four of whom showed evidence of taurodontism
in the permanent or primary teeth, or both.®® This was
probably the first report of taurodontism of the primary
dentition as a definite family trait in children of African
heritage. Gedik and Cimen reported taurodontism of six
primary molars of a 7-year-old boy who had no syndromes
or systemic disease.?! Other pedigrees have been consistent
with autosomal-dominant or autosomal-recessive inheri-
tance. The inheritance may also be polygenic. The clinical
significance of the condition becomes apparent only if vital
pulp therapy or root canal therapy is necessary.

Figure 3-25 Taurodontism. Notice the elongat
chamber and short root canals (arrow).
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INHERITED DEFECTS OF DENTIN

Two broad categories of heritable dentin defects, dentino-
genesis imperfecta and dentin dysplasia, are identifiable,
each with distinct subtypes.

DENTINOGENESIS IMPERFECTA (HEREDITARY
OPALESCENT DENTIN)

Dentinogenesis imperfecta is inherited as an isolated
autosomal-dominant trait (“isolated” in this use means
that it occurs without other anomalies). Bixler and col-
leagues observed this pattern in a six-generation family in
which 34 members were studied.®? There were 100% pen-
etrance and consistent gene expression within a sibship.
In a survey of 96,000 Michigan children, Witkop reported
a prevalence of 1 in 8000 with the trait.>> The anomaly
may be seen with osteogenesis imperfecta (Fig. 3-26).

Figure 3-26 A, Five-year-old girl with dentinogenesis imper-
fecta and osteogenesis imperfecta. The child had sustained
numerous fractures of the long bones. B, A fracture of the
tibia is evident in the radiograph.
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A decade later, Witkop suggested that there are two distinct
diseases®* and recommended the terms dentinogenesis im-
perfecta for the disease that occurs in conjunction with
osteogenesis imperfecta and hereditary opalescent dentin
for the disease that occurs as an isolated trait. Shields and
colleagues proposed a new classification: (Shields) type I
dentinogenesis imperfecta and (Shields) type II dentinogenesis
imperfecta, respectively.®> In addition, the dentin defects
seen in the isolated Brandywine triracial population in
southern Maryland were termed (Shields) type III dentino-
genesis imperfecta. These latter defects consisted of variable
expression of the features of (Shields) type I (without os-
teogenesis imperfecta) and type II, shell-like teeth, and
multiple pulp exposures (Fig. 3-27). In this condition,
normal dentin formation is confined to a thin layer next
to the enamel and cementum, followed by a layer of dis-
orderly dentin containing a few tubules. The roots of shell
teeth are short, and the primary teeth may be exfoliated
prematurely.

Zhang and colleagues and Xiao and colleagues have
found mutations in the DSPP gene, which codes for the
two major noncollagenous dentin matrix proteins, den-
tin sialoprotein (DSP) and dentin phosphoprotein (also
known as phosphophorin), in patients with (Shields) type
IT dentinogenesis imperfecta.°®%” Sreenath and colleagues
noted, in the Dspp knockout mouse, that the teeth have
a widened predentin zone and develop defective dentin
mineralization similar in phenotype to that in human
(Shields) type III dentinogenesis imperfecta; these find-
ings imply that Dspp may also be involved in the latter
condition.%®

The clinical picture of dentinogenesis imperfecta is
one in which the primary and permanent teeth are a
characteristic reddish-brown to blue-gray opalescent col-
or. Soon after the primary dentition is complete, enamel
is worn and often breaks away from the incisal edges
of anterior teeth and the occlusal surfaces of posterior
teeth. The exposed soft dentin abrades rapidly, occasion-
ally to the extent that the smooth, polished dentin surface
is continuous with the gingival tissue (Fig. 3-28). Radio-
graphs show slender roots and bulbous crowns. The
pulp chamber is large initially and undergoes obliteration

Figure 3-27 Shell teeth. The large size of the pulp cavities indicates the nonexistence of secondary dentin.

(Fig. 3-29). Periapical rarefaction in the primary dentition
is observed only occasionally. However, no satisfactory
explanation has been offered, because the condition
apparently is not related to pulp exposures and pulpal
necrosis. Multiple root fractures are often seen, par-
ticularly in older patients. Crowns of the permanent
teeth often seem to be of better quality and have less
destruction. Occasionally they appear clinically normal

Figure 3-28 Dentinogenesis imperfecta. The primary teeth
are severely abraded. Enamel is breaking away from the
incisal edge of the lower permanent central incisors.
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Figure 3-29 A, Slender roots with ribbon-like pulp canals
and bulbous crowns are characteristic of dentinogenesis
imperfecta. The primary molars show periapical rarefaction.
B, Root fractures are common in older patients.

(Fig. 3-30). There is some evidence of a genotype-pheno-
type correlation, with Malmgren and colleagues show-
ing one DSPP missense mutation being associated with a
more severe phenotype in one family than that seen in
another affected family with a different DSPP missense
mutation.®?

The treatment of dentinogenesis imperfecta is difficult
in both primary and permanent dentitions. The place-
ment of stainless steel crowns on primary posterior teeth
may be considered as a means of preventing gross abra-
sion of the tooth structure. Full-coverage restorations may
be placed on the permanent teeth if the crowns need pro-
tection in late adolescence or young adulthood. Bonded
veneer restorations on anterior teeth have also been used
successfully for aesthetic improvement in patients with

C

Figure 3-30 A, Four-year-old child with dentinogenesis
imperfecta. B, The permanent teeth, in contrast to the
primary teeth, are normal in color. C, The radiograph shows
typical dentinogenesis imperfecta.
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dentinogenesis imperfecta when full-coverage restora-
tions are unnecessary. Unfortunately, the long-term prog-
nosis of these teeth is poor, and, despite best efforts, they
are usually lost in early adulthood. A pragmatic approach
to treatment planning is required, especially in those pa-
tients with osteogenesis imperfecta.

Teeth with periapical rarefaction and root fracture
should be removed. Extraction of such teeth is difficult
because of the brittleness of the dentin.

DENTIN DYSPLASIA

Dentin dysplasia is a rare disturbance of dentin formation
that Shields and colleagues categorized into two types: ra-
dicular dentin dysplasia (type I) and coronal dentin dys-
plasia (type II).%> Both primary and secondary dentitions
are affected in dentin dysplasia type I, which is inherited
as an autosomal-dominant trait. Radiographically, the
roots are short and may be more pointed than normal.
Usually the root canals and pulp chambers are absent
except for a chevron-shaped remnant in the crown. The
color and general morphology of the crowns of the teeth
are usually normal, although they may be slightly opal-
escent and blue or brown. Periapical radiolucencies may
be present at the apices of affected teeth. Investigation of
individuals with dentin dysplasia type I associated with
extreme microdontia and aberrant crown morphology
disclosed homozygosity for a splice-site mutation in the
SMOC?2 gene. Since parents and siblings heterozygous for
the mutation were not affected, the SMOC2 gene may not
be involved in dentin dysplasia type I without microdon-
tia and aberrant crown morphology.’® However, it may be
involved in the developmental pathway that, with some
other alteration, may result in dentin dysplasia type .

Dentin dysplasia type II is inherited as an autosomal-
dominant trait in which the primary dentition appears
opalescent and, on radiographs, shows obliterated pulp
chambers similar to those in dentinogenesis imperfecta.
Unlike dentinogenesis imperfecta, however, in dentin
dysplasia type II the permanent dentition has normal
color and radiographically exhibits a thistle tube pulp
configuration with pulp stones.

Dean and colleagues, noting the phenotypic similar-
ity of dentinogenesis imperfecta, Shields type II, to that
in the primary dentition in dentin dysplasia type II, hy-
pothesized that these conditions may be due to different
alleles of the same gene.”! Investigation of a family with
10 of 24 members affected in three generations showed
that the candidate region for the dentin dysplasia type II
gene overlaps the likely location of the gene for Shields
type II dentinogenesis imperfecta. They suggested that
a candidate gene for dentinogenesis imperfecta Shields
type II and/or III should also be a candidate gene for den-
tin dysplasia type II. Subsequently, Rajpar and colleagues
showed that a DSPP missense mutation was present in a
family with dentin dysplasia type II, thereby confirming
the hypothesis of Dean and colleagues.’? Further analysis
of the DSPP gene in patients with Shields type II denti-
nogenesis imperfecta or dentin dysplasia type II suggests
that these dominant phenotypes result from the disrup-
tion of signal peptide processing and/or related biochemi-
cal events that interfere with protein processing.” This is

consistent with the assertion that dentin dysplasia type II
and Shields type II dentinogenesis imperfecta are milder
and more severe forms, respectively, of the same develop-
mental disease.”*

AMELOGENESIS IMPERFECTA

As noted in Chapter 5, amelogenesis imperfecta is a de-
velopmental defect with a heterogeneous etiology that
affects the enamel of both primary and permanent den-
tition. The anomaly occurs in the general population
with an incidence of from 1 in 14,000 to 1 in 16,000.
Amelogenesis imperfecta has a wide range of clinical ap-
pearances, with three broad categories observed clinically:
the hypocalcified type, the hypomaturation type, and the
hypoplastic type. Although amelogenesis imperfecta can
occur as part of several syndromes, Cartwright and col-
leagues confirmed that the trait itself could also be asso-
ciated with a skeletal anterior open bite,”> although the
pathophysiologic relationship between amelogenesis im-
perfecta and open bite remains unclear.”®

Progress has been made in unraveling the molecular
basis of the myriad clinical forms of amelogenesis im-
perfecta. Aldred and Crawford discussed the limitations
of the existing classification systems and proposed an
alternative classification based on the molecular defect,
biochemical result, mode of inheritance, and pheno-
type.”” They proposed two separate phenotypes, namely,
enamel that is predominantly hypoplastic (i.e., enamel
that is either uniformly thin, with spacing between ad-
jacent teeth, or irregular, giving rise to pits or grooves)
or predominantly hypomineralized (i.e., with soft, poorly
formed enamel with altered color and translucency). Hart
and colleagues recommended a standardized nomencla-
ture for describing amelogenesis imperfecta that causes
alterations at the genomic, complementary DNA, and
protein levels.”87% Two clinically distinct forms of auto-
somal-dominant amelogenesis imperfecta—smooth hy-
poplastic amelogenesis imperfecta and local hypoplastic
amelogenesis imperfecta—are associated with mutations
in the enamelin (ENAM) gene located at 4q21. In addi-
tion, autosomal-dominant amelogenesis imperfecta can
be associated with mutation in the Kallikrein-4 (KLK4)
gene, and autosomal-recessive pigmented hypomatura-
tion amelogenesis imperfecta with an enamelysin (MMP-
20) gene mutation, illustrating the heterogeneity of the
condition. An X-linked form (AIH1) has been found to
be associated with as many as 14 mutations in the amelo-
genin (AMELX) gene, located at Xp21.80 However, at least
one family has had the trait linked to another location on
chromosome Xq22-q28.81

The defective tooth structure is limited to the enamel.
On radiographic examination, the pulpal outline appears
to be normal, and the root morphology is that of normal
teeth. The difference in the appearance and quality of the
enamel is thought to be attributable to the state of enamel
development at the time the defect occurs. In the hypo-
plastic type, the enamel matrix appears to be imperfectly
formed; although calcification subsequently occurs in the
matrix and the enamel is hard, it is defective in amount
and has a roughened, pitted surface (Fig. 3-31). In the
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Figure 3-31 Both the primary and permanent teeth are af-
fected by the hereditary anomaly amelogenesis imperfecta.
The enamel is pitted but hard.

Figure 3-32 Hypocalcification type of amelogenesis imper-
fecta. The primary teeth were similarly affected. The enamel
surface is soft.

hypocalcified type, matrix formation appears to be of nor-
mal thickness, but calcification is deficient and the enam-
el is soft (Fig. 3-32). In both of these more common types
of the defect, the enamel becomes stained because of the
roughness of the surface and increased permeability.

In still another variant of amelogenesis imperfecta, a
thin, smooth covering of brownish-yellow enamel is pres-
ent. In this type, the enamel does not seem excessively
susceptible to abrasion or caries (Figs. 3-33 and 3-34).

Congleton and Burkes reported three cases of amelo-
genesis imperfecta in which the patients also demon-
strated taurodontism.?? Others have identified cases with
the clinical appearance of amelogenesis imperfecta and
taurodontism along with strikingly curly hair and in-
creased bone density (especially of the skull), which has
been identified as trichodento-osseous syndrome (TDO).
Seow has suggested that some cases reported as amelo-
genesis imperfecta with taurodontism were actually cases
of TDO syndrome.®? Price and colleagues found that this
autosomal-dominant condition is caused by a mutation
in the distal-less homeobox gene DLX3.8* Even though
the taurodontism and amelogenesis imperfecta traits in

Figure 3-33 A, Case diagnosed as amelogenesis imperfecta.
The permanent teeth have a thin covering of pigmented

enamel. B, The radiographs show essentially normal root
morphology. The crowns have a thin covering of enamel.
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Figure 3-34 A and B, Left bite-wing radiographs of a
patient with amelogenesis imperfecta. Radiograph in B
was made 6 years after radiograph in A and demonstrates
the maintenance of a caries-free dentition despite the thin
enamel.

W

this condition are fully penetrant in affected individuals,
the osseous and hair features are variably expressed even
when the same deletion is present in a family—findings
that indicate that the variable expression is influenced by
other genes and/or environmental factors, although fur-
ther studies by Price and colleagues indicated that TDO
syndrome and amelogenesis imperfecta of the hypomatu-
ration-hypoplastic type with taurodontism are two genet-
ically distinct conditions.®> Dong and colleagues found
that a mutation within the DLX3 gene homeodomain
is associated with amelogenesis imperfecta (hypoplastic-
hypomaturation type) with taurodontism (AIHHT).
Because a DLX3 mutation outside the homeodomain is
associated with TDO syndrome, they suggested that TDO
and some forms of AIHHT are allelic.3¢
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Amelogenesis imperfecta may also be associated with
nephrocalcinosis syndrome, also called enamel-renal syn-
drome or Lubinsky syndrome. Inheritance appears to be
autosomal-recessive. In addition to hypoplastic enamel,
the teeth often fail to erupt and undergo resorption due
to the disappearance of the reduced enamel epithelium.
Histopathology of the gingiva, which may be enlarged,
reveals islands of odontogenic calcification.?”.88 Nephro-
calcinosis may be the cause of renal impairment but only
rarely end-stage renal failure, unless complicated by re-
nal stones and recurrent infections.?? Since nephrocalci-
nosis is often asymptomatic and can be associated with
impaired renal function, dentists who see children with
generalized and thin hypoplastic amelogenesis imperfec-
ta should consider a renal ultrasound scan and referral to
a nephrologist, if appropriate. Conversely, children with
nephrocalcinosis should also be considered for a dental
referral .58

The treatment of teeth with amelogenesis imperfecta—
like defects depends on the severity of the condition and
the demands for aesthetic improvement. When indicated,
the teeth can be prepared for full-coverage restorations.
For some cases of the hypoplastic types, bonded veneer
restorations may offer a more conservative alternative for
the management of the aesthetic problem of the anterior
teeth. Patel and colleagues have reported successful treat-
ment with porcelain laminate veneer restorations.”®

ENAMEL AND DENTIN APLASIA

Teeth with characteristics of both dentinogenesis imper-
fecta and amelogenesis imperfecta have been reported.
Chaudhry and colleagues reported such a case and called
the condition odontogenesis imperfecta.”! Schimmelpfennig
and McDonald observed a similar dentition and termed it
enamel and dentin aplasia.”> The primary teeth were essen-
tially devoid of enamel, and the smooth, severely abraded
dentin was reddish-brown. Radiographs showed normal
alveolar bone around the roots of the teeth. Two teeth
had pulp exposure and pulpal degeneration (Fig. 3-35).
Radiolucent areas were present at the apices of the two
primary teeth, with exposed and degenerated pulps. The
pulp chambers and canals in all the primary teeth were
extremely large, with no evidence of becoming obliter-
ated. In ground sections of the primary teeth, the den-
tinal tubules showed little evidence of a normal growth
pattern. They were few and irregular, with a tendency
toward branching. The cementum appeared normal and
was acellular. No evidence of secondary dentin formation
was found. A few fragments of enamel adhering to the
dentin appeared thinner than normal, and few normal
morphologic characteristics were present. The dentino-
enamel junction was atypical in that it lacked the charac-
teristic scalloping.

The permanent teeth, when they erupted, were partial-
ly covered with a thin, gray, poorly coalesced coating of
enamel. Brown dentin could be seen on the labial aspect
of the central incisors and at the bases of the fissures of
the first permanent molars. Stainless steel crown restora-
tions were placed even before complete eruption to pro-
tect the teeth from continued abrasion.

Figure 3-35 A and B, Severely abraded teeth are almost
entirely devoid of enamel. The outline of a large pulp cham-
ber can be seen through a thin covering of dentin. The
mandibular second primary molars have pulp exposure.

C, Radiograph shows large pulp canals and large pulp
chambers. Apical rarefaction is associated with pulp
exposure of the second primary molar.

AGENESIS OF TEETH
ANODONTIA

Anodontia (i.e., complete failure of the teeth to develop)
is rare. Although agenesis of primary and/or permanent
teeth is often referred to as congenital absence, such teeth
would not, of course, be expected in the oral cavity at
birth unless they are natal teeth. Gorlin and colleagues
noted that, when agenesis occurs as an isolated (nonsyn-
dromic) trait, the primary dentition is not affected, and
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the inheritance is autosomal-recessive.”® Although dental
anomalies, including hypodontia and oligodontia, can
occur in many types of ectodermal dysplasia,’* anodontia
is unusual. However, anodontia or oligodontia may be a
part of the ectodermal dysplasia also affecting the skin,
hair, and nails, called odonto-onycho-dermal dysplasia
(OODD), which can be caused by homozygous or com-
pound heterozygous mutations in the WNT10A gene.?5°¢
Mutations in WNTI10A are also a significant cause of iso-
lated (nonsyndromic) hypodontia.”” Thus other factors
and/or differences in the specific mutation of the gene
can result in syndromic or nonsyndromic selective or
complete dental agenesis.

Swallow reported on an 11-year-old boy who had a
complete primary dentition but no permanent denti-
tion.”8 Schneider also observed a 7-year-old white female
with primary teeth but missing permanent teeth.” As is
usually the case with presumed autosomal-recessive in-
heritance, the hereditary background included no known
consanguinity in the family or history of anodontia or
ectodermal dysplasia in either the maternal or paternal
lineage. Although consanguinity increases the likelihood
that recessive traits or conditions will be expressed, most
affected individuals do not have a family history of in-
breeding. An overlay denture, which is often the treat-
ment of choice, was constructed for the patient. A com-
parable situation is shown in Figure 3-36. Laird reported
a similar patient in whom a complete primary dentition
was present, but the only permanent teeth were maxillary
first permanent molars.!?0 Witkop studied two families
in which both parents had peg-shaped or missing maxil-
lary lateral incisors, which is an autosomal-dominant trait

. 3 s
Figure 3-36 A complete primary dentition without evidence
of permanent teeth in a 14-year-old girl.

with incomplete penetrance and variable expressivity,
and concluded that agenesis of the permanent teeth can
be an expression of the homozygous state of that gene.!0!
This hypothesis is also supported by the findings reported
by Hoo.!02

HYPODONTIA (OLIGODONTIA)

Agenesis of some (fewer than 6) teeth (not including the
third molars) is referred to as hypodontia. The term partial
anodontia should not be used. Oligodontia is used to de-
scribe conditions when more than 6 permanent teeth do
not develop. Hypodontia is usually familial, although it
may occur sporadically (without a family history of hy-
podontia). It may also be found as part of a syndrome,
especially in one of the ectodermal dysplasias, although
it usually occurs alone (isolated). Note that isolated in this
usage means not occurring as part of a syndrome; it may
still be familial.

Any of the 32 permanent teeth may be missing. How-
ever, there is a propensity for the last tooth in each series
to be absent, namely, third molars, mandibular second
premolars, maxillary lateral incisors, maxillary second
premolars, and mandibular central incisors. This order of
frequency has been confirmed in studies by Glenn'%® and
by Grahnen.!%* The absence of teeth may be unilateral
or bilateral. Glenn observed, during an examination of
1702 children, that 5% had a missing permanent tooth
other than a third molar.193 In 97% of the children, the
formation of the second premolar could be detected ra-
diographically at 5.5 years of age and that of the lateral
incisor at 3.5 years of age. The most preserved permanent
teeth are the maxillary central incisors, the first molars,
and the canines.

In addition to the already mentioned autosomal-
dominant hypoplasia or agenesis of the maxillary lateral
incisors, Vastardis and colleagues found the absence of
second premolars in one family showing an autosomal-
dominant pattern of inheritance to be caused by a muta-
tion in the MSX1 gene located at 4p16.1.1% Hypodontia
associated with a heterozygous mutation in the MSX1I
gene, with or without an orofacial cleft, has been referred
to as type STHAG1 (selective tooth agenesis 1). Ahmad and
colleagues demonstrated that hypodontia inherited in an
autosomal-recessive mode and associated with malforma-
tion of teeth, enamel hypoplasia, and failure of eruption
could be linked to 16q12.1.'12 This type of selective tooth
agenesis has been referred to as type STHAG2. Further evi-
dence for the genetic heterogeneity of hypodontia is pro-
vided by the finding of a frameshift mutation (resulting
in premature termination of translation and a shortened
protein) in the human PAX9 gene in a large family with
autosomal-dominant oligodontia.!?¢ This type of selec-
tive tooth agenesis has been referred to as type STHAGS3.
Hypodontia secondary to the WNT10A mutations already
mentioned is referred to as type STHAG4, which is linked
to 10q11.2-g21 from analysis of a large Chinese family
with dental agenesis ranging from hypodontia to anodon-
tia, and is referred to as “He-Zhao deficiency.”'?” STHAG6
oligodontia is caused by an apparently autosomal-reces-
sive mutation in the LTBP3 gene.'%® Mutations in the
X-linked EDA gene can cause nonsyndromic oligodontia
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or hypodontia (STHAGX1),'% or hypohidrotic ectoder-
mal dysplasia,!' generally affecting males more severely
in either case. Animal models of X-linked hypohidrotic ec-
todermal dysplasia secondary to EDA mutation, including
canine models, have shown that postnatal intravenous
administration of soluble recombinant EDA significantly
corrected the development of the adult teeth, and posi-
tively affected other components of the condition.!!!
Clinical trials with postnatal intravenous administration
of soluble recombinant EDA in humans are in progress.

There are more than 200 syndromes, including many
of the ectodermal dysplasias, in which tooth agenesis
may be a major feature. Dental agenesis may be associ-
ated with other dental anomalies, such as small and short
crowns and roots of the teeth that are present, conical
crowns, enamel hypoplasia, taurodontism, delayed erup-
tion, prolonged retention of primary teeth, infraocclusion
of primary teeth, ectopic eruption, transposition, lack of
alveolar bone, reduced vertical dimensions, increased
overbite, and tooth impaction (particularly palatally dis-
placed canines).!!”

HYPODONTIA AND PALATALLY DISPLACED
CANINES

Impacted or palatally displaced canines occur in 85% of
cases with a lack of permanent maxillary canine erup-
tion. In the other 15%, the canines are “ectopic” (buc-
cal). Palatally displaced canines are not typically associ-
ated with dental crowding. Palatally displaced canines
are frequently, but not always, found in dentitions with
various anomalies. These include small peg-shaped or
missing maxillary lateral incisors, hypodontia involv-
ing other teeth, dentition spacing, and dentitions with
delayed development.!'!® There is greater likelihood of a
palatally displaced canine on the same side of a missing
or small maxillary lateral incisor, emphasizing a local en-
vironmental effect.!1 There are also cases in which a ca-
nine is palatally displaced without an apparent anomaly
of the maxillary lateral incisors, and cases in which there
are missing lateral incisors without palatal displacement
of a canine. Adding to the complexity is the heteroge-
neity found in studies of cases of both buccally!2? and
palatally displaced canines.!'® Wherease the canine erup-
tion theory of guidance by the lateral incisor root cannot
explain all instances of palatally displaced canines, it does
seem to play a role in some cases.!?!

Maxillary canine impaction or displacement is labial/
buccal to the arch in 15% of cases of maxillary canine
impaction and, in contrast to palatal displacement asso-
ciated with small maxillary teeth,!'?? is often associated
with dental crowding. Because there are various degrees
of genetic influence on these anomalies, there has been
some discussion about palatally displaced canines them-
selves also being influenced by genetic factors to some
degree. With apparent genetic and environmental factors
playing various roles in these cases, the etiology appears
to be multifactorial.'?? This is supported by the occur-
rence of palatally displaced canines occurring in a higher
percentage within families than in the general popula-
tion. Generally, the phenotype is the result of some ge-
netic influences (either or both directly or indirectly, e.g.,

through a primary effect on development of some or all
of the rest of the dentition) interacting with environmen-
tal factors. Some of these cases may be examples of how
primary genetic influences (which still interact with other
genes and environmental factors) affect a phenotypic ex-
pression that is a variation in a local environment, such
as the physical structure of the lateral incisor in relation
to the developing canine.

HYPODONTIA (OLIGODONTIA) AND CANCER

Recently it has been determined that hypodontia may be
an indicator of susceptibility to the development of can-
cer. A striking example of this was reported in a Finnish
family in which oligodontia and colorectal cancer were
associated with each other and with autosomal-dominant
inheritance. The oligodontia and cancer predisposition
were caused by a nonsense mutation in the AXINZ2 gene,
a Wnt-signaling regulator. Colorectal cancer or precancer-
ous lesions in the family were found only in association
with oligodontia and the AXIN2 mutation, and affected
all those of the oldest generation who had the mutation.
A different type of de novo mutation (frameshift) in the
same gene was found in an unrelated young patient with
oligodontia. Both mutations are expected to inactivate
the AXIN2 protein function, leading to an increase in Wnt
signaling, which may lead to cancer development. This
change in AXIN2 protein function also clearly changes
the network signaling involved in dental development.!?4
Another report found a heterozygous nonsense mutation
in AXIN2 in a three-generation family with autosomal-
dominant oligodontia variably associated with colon or
gastric polyps, early-onset colorectal and/or breast cancer,
and sparse hair and eyebrows.!2>

Further support for the proposition that hypodontia
can be developmentally associated with cancer comes
from a University of Kentucky report that women with
epithelial ovarian cancer (EOC) are 8.1 times more likely
to have hypodontia than are women without EOC. In
contrast to the oligodontia reported with the specific mu-
tations in the AXINZ2 gene, the severity of hypodontia was
similar between the two groups (affected and nonaffected)
in the Kentucky study, with one or two teeth being agen-
ic. Maxillary lateral incisors followed by second premolars
were the most frequently affected.!?¢ In addition, a simi-
lar study from Slovenia found a prevalence of hypodontia
of 19.2% in women with EOC, and 6.7% in women in the
control group (p = 0.004). The most frequently missing
teeth for women with EOC and women in the control
group were the maxillary second premolars and maxillary
lateral incisors, respectively.!?” Sequence analysis of the
MSX1, PAX9, AXIN2, EDA, WNT10A, BARX, and BRCA1
genes from the DNA from participants in the University
of Kentucky study led to a conclusion that one half of
the dually affected patients had an independent causa-
tion of the two conditions, thus significantly reducing
the previously estimated ovarian cancer risk for women
with congenital tooth agenesis.!?8 A study of self-reported
family cancer history and analysis of 14 DNA markers in
the AXIN2, FGF3, FGF10, and FGFR2 genes in Brazilian
individuals with dental agenesis showed that individu-
als with tooth agenesis had an increased risk of having a
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family history of cancer (p = 0.00006; OR = 2.7; 95% CI,
1.6-4.4). Tooth agenesis was also associated with variants
in the genes studied. It should be noted that although
the conglomerate self-reported family history of cancer
was significant, a breakdown of types of cancer by “type”
(organ or body location) found only brain and nervous
system, breast, and prostate to be significant for probands
with hypodontia.!?? There was a family history of ovar-
ian cancer in one individual with hypodontia and in one
control individual, so there was no significant difference.
Although the small number suggests a question of power
to exclude this or other types, it does indicate that the
risk of ovarian cancer is relatively small if it is associated
with hypodontia. These findings are an example of how
changes in the protein products of genes can have pleio-
tropic effects on different parts of the body at different
times. Future studies of the family history and genotypes
of individuals with hypodontia will help illustrate the po-
tential relative risk of cancer development in individuals
or family members with hypodontia compared with that
in the general population.

ECTODERMAL DYSPLASIAS

Developmental agenesis of primary teeth is relatively rare.
When several primary teeth fail to develop, other ectoder-
mal deficiencies are usually evident. There are more than
170 types of ectodermal dysplasia with various anoma-
lies of ectodermal derivatives, including both primary
and permanent teeth, hair, nails, and skin. Children with
missing primary and permanent teeth may have some
or all of the signs of a type of ectodermal dysplasia and
should undergo further evaluation.!3°

One of the more common types of ectodermal dyspla-
sia is X-linked recessive hypohidrotic ectodermal dyspla-
sia (XLHED), also called anhidrotic ectodermal dysplasia
and Christ-Siemens-Touraine syndrome. A rare autosomal-
recessive form also occurs that is clinically indistinguishable
from XLHED. Hypodontia and dental hypoplasia, as well
as hypotrichosis, hypohidrosis/anhidrosis, and astea-
tosis, are characteristic of XLHED. Secondary characteristics
include a deficiency in salivary flow, protuberant lips, and
a saddle-nose appearance. The skin is often dry and scaly,
and there is fissuring at the corners of the mouth. As already
noted, mutations in the EDA gene have been found in
most patients with XLHED.!3!

Because the absence of teeth predisposes the child to a
lack of alveolar process growth, the construction of den-
tures is complicated. However, as might be expected in at
least most types of ectodermal dysplasia, skeletal struc-
tures are normal. Serial lateral cephalograms obtained
during childhood and adolescence have shown that the
sagittal development of the jaw is essentially normal. A
deficiency in sweat glands predisposes to increased body
temperature, and children with hypohidrosis/anhidrosis
are extremely uncomfortable during hot weather. Many
of them must reside in cool climates. Children with ec-
todermal dysplasia usually have normal mental capacity
and a normal life expectancy. Consanguinity increases
the likelihood of expression of an inherited recessive trait
or condition (Fig. 3-37) and may be one way a female
with a normal karyotype can be affected.

The primary teeth that are present may be normal
or reduced in size. The anterior teeth are often conical,
which is characteristic of oligodontia associated with
many types of ectodermal dysplasia. The primary molars
without permanent successors have a tendency to be-
come ankylosed.

The many types of ectodermal dysplasia with differ-
ent modes of inheritance can be emphasized by describ-
ing a “tooth and nail” type of autosomal-dominant
ectodermal dysplasia, also called Witkop syndrome, reported
by Giansanti and associates.!3? This ectodermal dysplasia
is characterized by hypoplastic nails and hypodontia.
An MSX1 gene mutation different from that found
when only hypodontia is present has been reported by
Jumlongras and colleagues in a family with tooth and
nail syndrome.!33 In contrast to most nonsyndromic
hypodontias, in which premolars and maxillary lateral
incisors (excluding third molars) are most often missing,
the mandibular incisors, second molars, and maxillary
canines are most frequently absent. Overall, the teeth
are generally not affected to the extent seen in XLHED,
and there is little involvement of the hair and sweat
glands. 134

For children with a large number of missing primary
teeth, partial dentures can be constructed at an early age;
2- and 3-year-old children have successfully worn partial
dentures. Their ability to masticate food increases, and
their nutritional status may improve. A partial denture
can be adjusted or remade at intervals to allow for the
eruption of permanent teeth. Denture construction at an
early age may also reduce the psychological problem of
the child’s feeling “different” (Fig. 3-38).

If the permanent teeth erupt in good position and in
favorable relationship to each other, partial dentures may
serve until the child is old enough for implants or a fixed
partial denture (described in Chapter 24). Orthodon-
tic and surgical procedures may be necessary before the
prosthodontic treatment, however.

Bonding techniques have improved clinicians’ ability
to provide aesthetic interim restorations and greater func-
tion for patients with conical teeth with or without oli-
godontia or hypodontia. Nunn and colleagues published
a series of five papers (monthly, beginning in the March
2003 British Dental Journal) that outline the management
of patients with hypodontia by a coordinated interdisci-
plinary team of dentists and demonstrate the advantages
of this approach.!3> Several dental specialties are repre-
sented on the team. Ideally, the initial responsibility for
oversight and coordination of the patient’s care begins
in infancy with the services of a pediatric dentist. As the
patient grows and develops through puberty, a general
family practitioner may assume the oversight and coordi-
nation responsibilities.

When maxillary lateral incisors are missing, the clini-
cian must analyze the occlusion and arches carefully to
determine whether there is sufficient room within the
arch to maintain space and to provide fixed bridgework.
If space for a normal-sized lateral incisor replacement is
insufficient, the clinician may sometimes choose to move
the canine forward into the lateral position and reshape it
to appear more like a permanent lateral incisor.
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Figure 3-37 A, Four-year-old girl with many features of ectodermal dysplasia. There was a history of consanguinity. B, The an-
terior teeth were small and conical. The lack of development of the alveolar process is evident. C, The facial pattern was good,
even though many primary and permanent teeth were missing. D, Partial dentures were constructed, modified, and remade
as additional teeth erupted. The models show how growth has occurred in the mandible and maxilla.

INTRINSIC DISCOLORATION OF TEETH
(PIGMENTATION OF TEETH)

The primary teeth occasionally have unusual pigmenta-
tion. Certain conditions arising from the pulp can cause
the entire tooth to appear discolored. Factors causing
these conditions include blood-borne pigment, blood de-
composition within the pulp, and drugs used in procedures

such as root canal therapy. (Color changes in relation to
trauma are discussed in Chapter 27.)

DISCOLORATION IN HYPERBILIRUBINEMIA

In several conditions, excess levels of bilirubin are re-
leased into the circulating blood.!3¢ If teeth are developing
during periods of hyperbilirubinemia, they may become
intrinsically stained. The two most common disorders
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Figure 3-38 A, Four-year-old boy with characteristics of ectodermal dysplasia. Many primary and permanent teeth are con-

genitally missing. The skin is dry, and the hair is sparse. B, The anterior primary teeth are typically conical. € and D, A full
maxillary overdenture and a partial mandibular denture were constructed.

that cause this intrinsic staining are erythroblastosis feta-
lis and biliary atresia. Other less common causes are pre-
mature birth, ABO blood type incompatibility, neonatal
respiratory distress, significant internal hemorrhage, con-
genital hypothyroidism, biliary hypoplasia, tyrosinemia,
al-antitrypsin deficiency, and neonatal hepatitis.

Erythroblastosis fetalis results from the transplacental
passage of maternal antibodies against red blood cell anti-
gens of the infant, which leads to an increased rate of red
blood cell destruction.!®” Cullen reported on the occur-
rence of erythroblastosis fetalis produced by Kell immuniza-
tion.13® In utero, the maternal antibodies coat the fetal red
blood cells and cause hemolysis. The fetus develops anemia,
with a resultant increase in the bilirubin content of the am-
niotic fluid. The newborn appears pale and anemic. Shortly
after birth, jaundice occurs as a result of the high bilirubin
levels. Despite the development of a method of prevention
of maternal isoimmunization by Rh antigens, it remains a
significant cause of anemia and jaundice in newborn in-
fants. However, an infant from an Rh-negative mother’s first
pregnancy rarely develops this disease.

If an infant has had severe, persistent jaundice dur-
ing the neonatal period, the primary teeth may have a
characteristic blue-green color, although in a few in-
stances brown teeth have been observed (Fig. 3-39). The
color of the pigmented tooth is gradually reduced. The
fading in color is particularly noticeable in the anterior
teeth.

DISCOLORATION IN PORPHYRIA

The porphyrias are inherited and acquired disorders in
which the activities of the enzymes of the heme bio-
synthetic pathway are partially or almost completely
deficient.!?® As a result, abnormally elevated levels of
porphyrins and/or their precursors are produced, which
accumulate in tissues and are excreted. Congenital eryth-
ropoietic porphyria (Gilinther disease) is a rare autosomal-
recessive form of the disease.

Children with congenital erythropoietic porphyria
have red-colored urine, are hypersensitive to light, and
develop subepidermal bullous lesions when their skin is
exposed to sunlight. Their primary teeth are purplish-brown
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Figure 3-39 Characteristic blue-green discoloration of the
primary teeth in an infant who suffered from persistent
jaundice in the neonatal period.

as a result of the deposition of porphyrin in the develop-
ing structures. The permanent teeth also show evidence
of intrinsic staining but to a lesser degree.

DISCOLORATION IN CYSTIC FIBROSIS

Cystic fibrosis is an inherited, chronic, multisystem,
life-shortening disorder characterized primarily by
poor digestion and obstruction and infection of the
airways. It is autosomal-recessive and is caused by mu-
tations in both copies of the cystic fibrosis transmem-
brane regulator gene (CFTR). Zegarelli and colleagues
have suggested that tooth discoloration in persons with
cystic fibrosis is a result of either the disease alone, or
therapeutic agents, especially tetracyclines, or a combi-
nation of the two factors.'*0 The possibility that there
is, at least in part, an intrinsic developmental enamel
abnormality secondary to the disease is supported by
the investigations of Wright and associates, who found
abnormal enamel in the incisors of homozygous CFTR
knockout mice.'#! Further studies by Arquitt and col-
leagues also strongly suggest that CFTR plays an impor-
tant role in enamel formation.!4?

Although many patients with cystic fibrosis who
lived during the latter half of the twentieth century
endured unsightly discolorations of their teeth be-
cause they received tetracycline therapy during a pe-
riod when their tooth crowns were forming, modern
physicians rarely, if ever, prescribe tetracyclines for pa-
tients during their tooth-forming years. During the era
when tetracycline therapy for children was common,
Primosch reported on tetracycline tooth discolorations,
enamel defects, and dental caries in 86 young patients
with cystic fibrosis.!43 The incidence of dental caries in
these patients was compared with that in control indi-
viduals matched for gender, race, exposure to optimally
fluoridated water, chronologic age, and dental age. The
findings indicated a high prevalence of tooth discolor-
ations and enamel defects but a significantly reduced
caries experience in the patients with cystic fibrosis
who had received tetracycline drugs.

Figure 3-40 Pigmentation in tetracycline therapy. The per-
manent incisors that have erupted appear yellowish-brown.

DISCOLORATION IN TETRACYCLINE THERAPY

Dentists and physicians have observed that children who
received tetracycline therapy during the period of calcifi-
cation of the primary or permanent teeth show a degree
of pigmentation of the clinical crowns of the teeth. As
van der Bijl and Pitigoi-Aron pointed out, because the
tetracyclines chelate calcium salts, the drugs are incor-
porated into bones and teeth during calcification.'#* The
crowns of affected teeth are discolored, ranging from yel-
low to brown and from gray to black (Fig. 3-40). At pres-
ent most, if not all, infections in children can be treated
effectively with antibiotics that do not cause tooth discol-
oration. Consequently, this previously common problem
is now rare.

Tetracycline is deposited in the dentin and, to a lesser
extent, in the enamel of teeth that are calcifying during
the time the drug is administered. The location of the
pigment in the tooth can be correlated with the stage of
development of the tooth and the time and duration of
drug administration. The tetracyclines, which are yellow,
fluoresce under ultraviolet light. When tetracyclines in
the dental structures darken from yellow to brown, the
fluorescence diminishes because of the destruction of the
fluorophores.

The exposure of the teeth to light results in slow oxida-
tion, with a change in color of the pigment from yellow
to brown. The larger the dose of drug relative to body
weight, the deeper the pigmentation. The duration of ex-
posure to the drug may be less important than the total
dose relative to body weight.

Because tetracyclines can be transferred through the
placenta, the crowns of the primary teeth may also show
noticeable discoloration if tetracyclines are administered
during pregnancy. Moffitt and colleagues have observed
that the critical period for tetracycline-related discolor-
ation in the primary dentition is 4 months in utero to 3
months postpartum for maxillary and mandibular inci-
sors and 5 months in utero to 9 months postpartum for
maxillary and mandibular canines.!45

The sensitive period for tetracycline-induced dis-
coloration in the permanent maxillary and mandibular
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Figure 3-41 A, Tetracycline-pigmented teeth. B, The maxillary incisors have been bleached; the lower mandibular incisors are

untreated.

incisors and canines is approximately 3 months to
7 years of age. The maxillary lateral incisors are an ex-
ception because they begin to calcify at 10 to 12 months
postpartum.

In addition to fluoride and tetracyclines (including mi-
nocycline), ciprofloxacin has been associated with intrin-
sic staining. Medications that have been reported to cause
extrinsic staining include chlorhexidine, oral iron salts,
co-amoxiclav, and essential oils.46

BLEACHING OF INTRINSIC TOOTH
DISCOLORATION

Vital bleaching of intrinsically discolored teeth became a
popular dental cosmetic procedure during the late twen-
tieth century (Fig. 3-41), and several safe techniques are
available. The accepted procedures incorporate the use of
a peroxide compound placed on the tooth surface that
bleaches the intrinsic tooth pigments to a lighter hue.
Adding energy to the peroxide compound, as in the form
of heat, light, or laser radiation, may accelerate this
process.

Although many diluted tooth-bleaching products are
available over the counter, the most efficient and effec-
tive systems are provided or prescribed by a dentist. To be
safe, bleaching procedures must be carefully performed
and monitored. Although these procedures are usually
performed on permanent teeth, Brantley and associates
reported successfully bleaching discolored primary teeth
in a 4-year-old girl.'4’

Refer to current textbooks on endodontics or cosmetic
dentistry for more information on bleaching techniques.
Another valuable resource with considerable detailed
information is the Special Supplement of the Journal of
the American Dental Association, volume 128, April 1997.
This supplement provides reports presented by numer-
ous recognized bleaching experts during an international
symposium on the subject of nonrestorative treatment of
discolored teeth.

If the tooth discoloration is severe and bleaching does
not adequately improve the condition, the dentist may
consider masking the visible surfaces with bonded ve-
neer restorations similar to those discussed in Chapter
11. Bleaching and enamel microabrasion may be used in

combination for certain types of discoloration, and these
procedures may also be used as adjunctive steps before
placement of veneer restorations.

MICROGNATHIA

Micrognathia is usually congenital, but it may be acquired
in later life. The mandible is most often affected (Fig.
3-42). The etiology of congenital micrognathia appears
to be heterogeneous. Deficient nutrition of the mother
and intrauterine injury resulting from pressure or trau-
ma have been suggested as possible causes. In addition,
micrognathia may be part of the Robin sequence, which
also includes cleft palate (especially in the posterior with
a rounded distal edge) and glossoptosis. Although this
developmental sequence may be sporadic, it is often the
pleiotropic expression of a gene for a condition such as
Stickler syndrome or velocardiofacial syndrome and war-
rants a clinical genetic evaluation.!48:14

Infants with mandibular micrognathia have difficulty
breathing and experience episodes of cyanosis; they must
be kept in a ventral position as much as possible. The an-
terior portion of the mandible is positioned so that the
tongue has little if any support and can fall backward,
causing an obstruction.

Based on longitudinal growth studies, Pruzansky and
Richmond reported that, in most instances of congeni-
tal micrognathia, the increment in mandibular growth
relative to total facial growth during infancy and early
childhood is sufficient to overcome the extreme reces-
siveness of the chin at birth.!5° This is often referred to
as “catch-up growth.” Daskalogiannakis and colleagues
performed 29 cephalometric measurements, taken
at three different ages, on 96 patients with Robin se-
quence and compared them with similar measurements
in 50 patients with isolated clefting of the palate (con-
trol group).!>! They found that patients with Robin se-
quence had mandibles significantly smaller than those
in the control group from approximately 5.5 years of
age to 17 years of age. This finding suggests that the
mandibles of patients with Robin sequence do not re-
ally grow proportionately more than those in others
not affected by the disorder.
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Figure 3-42 A, Micrognathia in a girl 1 month of age. The
chin is noticeably recessive. B, The radiograph shows the
extent of the development of the dentition at birth. When
the patient was 1 year of age, the micrognathia was less
noticeable.

The nursing bottle may be used in the treatment of con-
genital micrognathia to help promote adequate function of
the mandible. Because the infant should be made to reach
for the nipple of the nursing bottle, the bottle should never
be allowed to rest against the mandible. The parent is in-
structed to sit the infant on his or her lap in an upright posi-
tion and place gentle forward pressure on the child’s ramus
with the thumb and fingers while offering the bottle. Thus
the infant must extend the mandible to feed. Mandibular
advancement by orthopedic force is sometimes recom-
mended, as well as surgical mandibular reconstruction.

Hotz and Gnoinski have described the use of a spe-
cial palatal obturator appliance to help infants born with
Robin sequence.!>? In addition to providing coverage to
seal the cleft palate, the appliance includes a posterior
extension to simulate the missing soft palate structures,
including the uvula. The appliance seems to stimulate the
infant to maintain a more normal tongue position. The
improved tongue position significantly reduces the ten-
dency for the infant to experience life-threatening apneic
episodes. Dean and colleagues also reported successful use
of similar appliances in infants with Robin sequence,!>?
including 22 infants with severe airway obstruction. Their
results supported the use of the obturator, but they also
concluded that further study of treatment with these ap-
pliances was needed.

Acquired micrognathia may develop gradually and
may not be evident until children reach 4 to 6 years of
age. This anomaly in growth is usually related to heredity.
Ankylosis of the jaw caused by a birth injury or trauma in
later life may result in an acquired type of micrognathia.
Infection in the temporomandibular joint area can also
cause arrested growth at the head of the condyle and lead
to development of the acquired pattern of micrognathia.
In cases of true ankylosis of the mandible, arthroplasty
should be recommended.

ANOMALIES OF THE TONGUE

Pediatric patients with unremarkable medical histories
rarely complain of symptomatic tongue lesions. Howev-
er, the tongue should be inspected carefully during the
examination. Several benign conditions may be evident
that should be brought to the attention of the parents.

Burket described four main types of papillae of the
tongue.'>* From 10 to 15 large circumvallate papillae may
be found on the posterior border of the dorsum. These
papillae have a blood supply and are the site of numerous
taste buds. Fungiform (mushroom-shaped) papillae may
be distributed over the entire dorsum of the tongue; how-
ever, they are present in greater numbers at the tip and to-
ward the lateral margins of the tongue. Inflammatory and
atrophic changes occurring on the dorsum of the tongue
may involve the vascularized fungiform papillae. The
most numerous papillae of the tongue are the filiform pa-
pillae, which are thin and hairlike, and evenly distributed
over the dorsal surface. The filiform papillae are without a
vascular core, and their continuous growth is slight. The
foliate papillae represent a fourth type and are arranged
in folds along the lateral margins of the tongue; the taste
sensation is associated with these papillae.
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MACROGLOSSIA

Macroglossia refers to a larger-than-normal tongue size
and may be either congenital or acquired. Congenital
macroglossia, which is caused by an overdevelopment of
the lingual musculature or vascular tissues, becomes in-
creasingly apparent as the child develops.

An abnormally large tongue is characteristic of hy-
pothyroidism, in which case the tongue is fissured and
may extend from the mouth. Macroglossia is also com-
monly observed with type 2 glycogen-storage disease,
neurofibromatosis type 1, and Beckwith-Wiedemann
syndrome. It can be an isolated and sporadic (nonfa-
milial) trait or a familial (autosomal-dominant) trait, as
studied by Reynoso and colleagues.'>> Macroglossia has
also been cited as a characteristic of Down syndrome.
Occasionally an allergic reaction causes a transitory en-
largement of the tongue (angioneurotic edema). Both
allergic reaction and injury can cause such severe en-
largement of the tongue that a tracheotomy is neces-
sary to maintain a patent airway.

A disproportionately large tongue may cause both an
abnormal growth pattern of the jaw and malocclusion.
Flaring of the lower anterior teeth and an Angle Class III
malocclusion are occasionally the result of macroglossia.
The treatment of macroglossia depends on its cause and
severity. Surgical reduction of a portion of the tongue is
occasionally necessary.

ANKYLOGLOSSIA (TONGUE-TIE)

In ankyloglossia a short lingual frenum extending from
the tip of the tongue to the floor of the mouth and
onto the lingual gingival tissue limits movements of
the tongue and causes speech difficulties (Fig. 3-43).
Stripping of the lingual tissues may occur if the tongue-
tie is not corrected. Surgical reduction of the abnormal
lingual frenum is indicated if it interferes with the in-
fant’s nursing (lingual frenectomy, frenotomy, or fren-
uloplasty). In the older child, a reduction of the fre-
num should be recommended only if local conditions
or speech problems warrant the treatment. Studies of
nonsyndromic ankyloglossia have suggested both auto-
somal-dominant and X-linked inheritance, although in

one of the studies 47% of those affected had no family
history of ankyloglossia.!>¢157 Familial cleft palate with
or without ankyloglossia is caused by mutation in the
TBX22 gene.!58

Ayers and Hilton reported a case of ankyloglossia in
a 7-year-old boy who had been evaluated at his school
for a speech problem.! The patient had previously
undergone routine dental examinations, but no treat-
ment had been suggested by the dentist. Tongue mo-
bility and speech patterns improved greatly after the
frenum attachment was released surgically. The patient
and parents reported very little postoperative discom-
fort. This history and the results are similar to those
of the 6-year-old girl with ankyloglossia illustrated in
Fig. 3-44. Messner and Lalakea, after studying 30 one-
to 12-year-old children with ankyloglossia, concluded
that tongue mobility and speech improved significant-
ly after frenuloplasty.!%0

o

Figure 3-44 A, Ankyloglossia in a 6-year-old girl. B, Patient
had limited tongue mobility and speech problems. €, Two
weeks after surgical release. D, Tongue mobility and speech
improved spontaneously.

Figure 3-43 A, Ankyloglossia (tongue-tie). A short, heavy lingual frenum extends from the top of the tongue to the floor of
the mouth and onto the lingual tissue. B, A mirror view of the abnormal frenum.
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FISSURED TONGUE AND GEOGRAPHIC TONGUE
(BENIGN MIGRATORY GLOSSITIS)

A fissured tongue is seen in a small number of children
and may be of no clinical significance, although it is
sometimes associated with hypothyroidism and Down
syndrome. The fissures on the dorsum of the tongue usu-
ally have a symmetric pattern and may be longitudinal or
at right angles to the margin of the tongue. Vitamin B-
complex deficiency may be associated with the fissuring.
Treatment of the fissured tongue is generally unnecessary
unless a mild inflammation develops at the base of the
fissures from an accumulation of food debris. Brushing of
the tongue and improved oral hygiene aid in reducing the
inflammation and soreness.

A wandering type of lesion and probably the most
common tongue anomaly is known as geographic tongue.
Prevalence rates from 1% to as high as 14% have been
reported. Kullaa-Mikkonen studied the inheritance of fis-
sured tongue in 31 families and concluded that fissured
tongue with smooth-surfaced papillae is transmitted as
an autosomal-dominant trait with incomplete penetrance
and is preceded by geographic tongue.!®! The severity of
fissured tongue increased with age. Tongue fissuring with
normal-appearing filiform papillae was found not to be
familial and was not associated with geographic tongue.

Geographic tongue is often detected during routine den-
tal examination of pediatric patients who are unaware of
the condition. Red, smooth areas devoid of filiform papillae
appear on the dorsum of the tongue. The margins of the

lesions are well developed and slightly raised. The involved
areas enlarge and migrate by extension of the desquama-
tion of the papillae at one margin of the lesion and regen-
eration at the other (Fig. 3-45). Every few days, a change
can be noted in the pattern of the lesions. The condition is
self-limiting, however, and no treatment is necessary.

Banoczy and colleagues have indicated that gastroin-
testinal disturbances associated with anemia may be relat-
ed to migratory glossitis.!°? In addition, a psychosomatic
disorder should be considered as a possible etiologic fac-
tor. Histologically the process appears to be superficial,
with desquamation of the keratin layers of papillae and
inflammation of the corium.

COATED TONGUE

A white coating of the tongue is usually associated with
local factors. The amount of coating on the tongue varies
with the time of day and is related to oral hygiene and the
character of the diet. The coating consists of food debris,
microorganisms, and keratinized epithelium found on
and around the filiform papillae (Fig. 3-46).

Children who have a congenital or acquired defi-
ciency in salivary flow may have a coated tongue, oc-
casionally to the extent that a dry crust appears on the
dorsum of the tongue. Frequent rinsing with artificial
saliva palliates the condition. Systemic disease with as-
sociated fever and dehydration may also cause a coat-
ing, which is usually white but may become stained
with foods or drugs. Increased ingestion of liquid is
appropriate to alleviate this situation. Brushing the

Figure 3-45 A, Geographic tongue. The smooth areas are devoid of filiform papillae. B, The pattern observed at the initial visit
is indistinguishable 4 weeks later. C, In 1 year a new pattern is developing on the dorsum of the tongue.
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Figure 3-46 White coating of the tongue is usually associ-
ated with local factors.

tongue with a toothbrush and dentifrice reduces the
coating.

WHITE STRAWBERRY TONGUE

An enlargement of the fungiform papillae extending
above the level of the white desquamating filiform pa-
pillae gives the appearance of an unripe strawberry. The
condition has been observed in cases of scarlet fever and
Kawasaki disease in young children. During the course of
scarlet fever and other acute febrile conditions, the coat-
ing disappears and the enlarged red papillae extend above
a smooth, denuded surface, which gives the appearance
of a red strawberry or raspberry. The tongue returns to
normal after recovery from the systemic condition.

BLACK HAIRY TONGUE

Black hairy tongue is rarely seen in children but occurs
in young adults and has been related to the oral and
systemic intake of antibiotics, smoking, and excessive
ingestion of dark drinks such as coffee and tea (Fig. 3-47).
Accumulations of keratin on the filiform papillae in the
middle third of the tongue become elongated into hairlike
processes, sometimes as long as 2.5 cm (1 inch). Neville
and colleagues note that the cause is uncertain but that
an apparent increase in keratin production or a decrease
in normal keratin desquamation results.!3¢ It is a benign
condition with no serious sequelae. Rigorous hygienic
procedures such as brushing and scraping the tongue may
help control it. When the condition appears during anti-
biotic therapy, it usually disappears again without specific
treatment after the antibiotics are discontinued.

INDENTATION OF THE TONGUE MARGIN
(CRENATION)

During the examination of the pediatric patient, the den-
tist may notice a scalloping or crenation along the lingual
periphery. Careful examination will reveal the markings
to be caused by the tongue’s position against the lingual
surfaces of the mandibular teeth. Although usually no sig-
nificance can be attached to these crenations, they have

Figure 3-47 Black hairy tongue. This condition usually has
no clinical significance.

been related to pressure habits, macroglossia, vitamin
B-complex deficiency, and systemic disease that causes
reduced muscle tone.

MEDIAN RHOMBOID GLOSSITIS (CENTRAL
PAPILLARY ATROPHY OF THE TONGUE)

Median rhomboid glossitis is an oval, rhomboid, or dia-
mond-shaped reddish patch on the dorsal surface of the
tongue immediately anterior to the circumvallate papillae.
Flat, slightly raised, or nodular, it stands out distinctly from
the rest of the tongue because it has no filiform papillae.
This atrophic area is usually asymptomatic. Long believed
to be a developmental anomaly, the condition is now rec-
ognized almost exclusively to represent a chronic, localized,
and mild candidal infection, as proposed by Cooke.!63

Although median rhomboid glossitis occurs more of-
ten in adults, it is sometimes seen in teenagers and even
occurs infrequently in younger children. Barasch and
colleagues have observed it with high prevalence in HIV-
positive children.!%* Treatment with topical antifungal
agents is appropriate.

TRAUMA TO THE TONGUE, WITH EMPHASIS
ON TONGUE PIERCING

A child may bite his or her tongue as a result of a traumatic
blow or fall. The dentist may inadvertently traumatize the
tongue with a cutting instrument during operative pro-
cedures. Deep laceration of the tongue requires suturing
to minimize scarring and to aid in hemorrhage control.
In cases of severe injury, the tongue should be examined
carefully for the detection of any enlargement that might
interfere with the maintenance of an open airway.
Tongue piercing, a deliberate trauma, is one of the
popular types of body piercing occurring in all parts of
the world today, especially among teenagers and young
adults (Fig. 3-48). Tongue piercing is of particular interest
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Figure 3-48 Tongue ornaments are popular among teenag-
ers and young adults.

in dentistry because it carries a high risk of adverse intra-
oral sequelae and can have significant systemic effects. The
scientific literature has exploded with documented cases
of complications following piercing procedures. Fractured
teeth, dental abrasion, and gingival recession are reported
to be common sequelae. Other observed complications
with life-threatening potential include brain abscess,!05
cephalic tetanus,'® endocarditis,'®” Ludwig angina,!%8
and upper airway compromise.'®® Whenever appropriate,
dentists should counsel their patients and other members
of the community about the serious risks associated with
this form of body art. If patients insist on wearing tongue
ornaments and other body jewelry, they should be ad-
vised to remove them at least during athletic activities in
which the risk of injury is high.

ABNORMAL LABIAL FRENUM

A maxillary midline diastema is frequently seen in pre-
school children and in those in the mixed-dentition
stage. It is important to determine whether the diastema
is normal for that particular time of development or is
related to an abnormal maxillary labial frenum.

A midline diastema may be considered normal for
many children during the time of eruption of the per-
manent maxillary central incisors. When the incisors first
erupt, they may be separated by bone, and the crowns
incline distally because of the crowding of the roots. With
the eruption of the lateral incisors and the permanent ca-
nines, the midline diastema is reduced, and in most cases
normal contact between the central incisors develops.

Insufficient tooth mass in the maxillary anterior re-
gion, the presence of peg-shaped lateral incisors, or the
congenital absence of lateral incisors may cause a dia-
stema. Other factors and anomalies, including a midline
supernumerary tooth, an oral habit, macroglossia, and
abnormally large mandibular anterior teeth, should be
considered as possible causes (in addition to an abnormal
labial frenum) of the midline diastema.

The labial frenum is composed of two layers of epithe-
lium enclosing a loose vascular connective tissue. Muscle
fibers, if present, are derived from the orbicularis oris
muscle.

Figure 3-49 Abnormal labial frenum. There is blanching of
the free marginal tissue between the central incisors and of
the palatine papilla. A frenectomy is indicated.

The origin of the maxillary frenum is at the midline
on the inner surface of the lip. The origin is often wide,
but the tissue of the frenum itself narrows in width and is
inserted in the midline into the outer layer of periosteum
and into the connective tissue of the internal maxillary
suture and the alveolar process. The exact attachment site
is variable. It can be several millimeters above the crest of
the ridge or on the ridge, or the fibers may pass between
the central incisors and attach to the palatine papilla.

Many dentists delay considering an abnormal labial fre-
num as the cause of a diastema until all the maxillary per-
manent anterior teeth, including the canines, have erupted.
This approach may be considered generally correct. How-
ever, other diagnostic points should be kept in mind.

One can carry out a simple diagnostic test for an ab-
normal frenum during mid- to late-mixed dentition by
observing the location of the alveolar attachment when
intermittent pressure is exerted on the frenum. If a heavy
band of tissue with a broad, fanlike base is attached to the
palatine papilla and produces blanching of the papilla, it
is safe to predict that the frenum will unfavorably influ-
ence the development of the anterior occlusion (Fig. 3-49).

The abnormal labial frenum, in addition to causing a
midline diastema, can produce other undesirable clinical
conditions. The heavy band of tissue and low attachment
can interfere with toothbrushing by making it difficult
to place the brush at the proper level in the vestibule to
brush in the conventional manner. If fibers of the frenum
attach to the free marginal tissue, stretching of the lip
during mastication and speech may cause stripping of the
tissue from the neck of the tooth. Such attachment may
also cause the accumulation of food particles and even-
tual pocket formation. The abnormal frenum may restrict
movements of the lip, may interfere with speech, and
may produce an undesirable cosmetic result (Fig. 3-50).

FRENECTOMY

The decision regarding treatment of the labial frenum
should be made only after a careful evaluation to deter-
mine whether the result will be undesirable if the condi-
tion is allowed to remain.
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Figure 3-50 A, Abnormal labial frenum in an 8-year-old child. The heavy, fan-shaped band of tissue interfered with speech

x

and had an undesirable appearance. B, An oblique view of the abnormal frenum. €, A much more desirable appearance is

observed 6 months after the frenectomy.

In the surgical technique, a wedge-shaped section
of tissue is removed, including the tissue between the
central incisors and the tissue extending palatally to
the nasal palatine papilla (Figs. 3-50 and 3-51). Lateral
incisions are made on either side of the frenum to the
depth of the underlying bone. The free marginal tissue
on the mesial side of the central incisors should not be

disturbed. The wedge of tissue can be picked up with
tissue forceps and excised with tissue shears at an area
close enough to the origin of the frenum to provide a
desirable cosmetic effect. Sutures are placed inside the
lip to approximate the free tissue margins. It is gener-
ally unnecessary to suture or pack the tissue between
the incisors.
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Development and Morphology
of the Primary Teeth
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LIFE CYCLE OF THE TOOTH
Initiation (Bud Stage)
Proliferation (Cap Stage)
Histodifferentiation and

Morphodifferentiation
(Bell Stage)
Apposition
Calcification

EARLY DEVELOPMENT AND
CALCIFICATION OF THE
ANTERIOR PRIMARY TEETH

EARLY DEVELOPMENT AND
CALCIFICATION OF THE
POSTERIOR PRIMARY TEETH AND
THE FIRST PERMANENT MOLAR

MORPHOLOGY OF INDIVIDUAL
PRIMARY TEETH
Maxillary Central Incisor
Maxillary Lateral Incisor
Maxillary Canine
Mandibular Central Incisor
Mandibular Lateral Incisor

Mandibular Canine
Maxillary First Molar
Maxillary Second Molar
Mandibular First Molar
Mandibular Second Molar

MORPHOLOGIC DIFFERENCES

BETWEEN PRIMARY AND
PERMANENT TEETH

SIZE AND MORPHOLOGY OF THE

PRIMARY TOOTH PULP CHAMBER

his chapter presents a brief review of the develop-

ment of the teeth. An accurate chronology of pri-

mary tooth calcification is of clinical significance
to the dentist. It is often necessary to explain to parents
the time sequence of calcification in utero and during in-
fancy. The common observations of tetracycline pigmen-
tation, developmental enamel defects, and generalized
hereditary anomalies can be explained if the calcification
schedule is known. A brief discussion of the morphology
of the primary teeth is also appropriate before restorative
procedures are considered for children.

A complete review is available in the reference texts
on oral histology, dental anatomy, and developmental
anatomy listed at the end of the chapter. Furthermore,
contemporary scientists are rapidly gaining knowledge
of tooth development at the molecular level. We sug-
gest that readers with a special interest in the molecular
events of tooth development study the listed references
by Smith! and by Miletich and Sharpe.?

LIFE CYCLE OF THE TOOTH
INITIATION (BUD STAGE)

Evidence of development of the human tooth can be ob-
served as early as the sixth week of embryonic life. Cells
in the basal layer of the oral epithelium proliferate at a
more rapid rate than do the adjacent cells. The result is
an epithelial thickening in the region of the future dental
arch that extends along the entire free margin of the jaws.
This thickening is called the primordium of the ectodermal
portion of the teeth and what results is called the dental

80

lamina. At the same time, 10 round or ovoid swellings
occur in each jaw in the position to be occupied by the
primary teeth.

Certain cells of the basal layer begin to proliferate at
a more rapid rate than do the adjacent cells (Fig. 4-1, A).
These proliferating cells contain the entire growth poten-
tial of the teeth. The permanent molars, like the primary
teeth, arise from the dental lamina. The permanent in-
cisors, canines, and premolars develop from the buds of
their primary predecessors. The congenital absence of a
tooth is the result of a lack of initiation or an arrest in the
proliferation of cells. The presence of supernumerary teeth
is the result of continued budding of the enamel organ.

PROLIFERATION (CAP STAGE)

Proliferation of the cells continues during the cap stage. As
a result of unequal growth in the different parts of the bud,
a cap is formed (Fig. 4-1, B). A shallow invagination appears
on the deep surface of the bud. The peripheral cells of the
cap later form the outer and inner enamel epithelium.

As with a deficiency in initiation, a deficiency in prolif-
eration results in failure of the tooth germ to develop and
in fewer than the normal numbers of teeth. Excessive pro-
liferation of cells may result in epithelial rests. These rests
may remain inactive or become activated due to an irrita-
tion or stimulus. If the cells become partially differenti-
ated or detached from the enamel organ in their partially
differentiated state, they assume the secretory functions
common to all epithelial cells, and a cyst develops. If the
cells become more fully differentiated or detached from
the enamel organ, they produce enamel and dentin, which
results in an odontoma (Fig. 3-5) or a supernumerary
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Figure 4-1 Life cycle of the tooth. A, Initiation (bud stage).
B, Proliferation (cap stage). €, Histodifferentiation and
morphologic differentiation (bell stage). D, Apposition and
calcification. (Adapted from Bath-Balogh M, Fehrenbach
MJ: lllustrated dental embryology, histology, and anatomy,
ed 2, Philadelphia, 2006, Saunders.)

tooth. The degree of differentiation of the cells deter-
mines whether a cyst, an odontoma, or a supernumerary
tooth develops (Fig. 22-52).

HISTODIFFERENTIATION AND
MORPHODIFFERENTIATION (BELL STAGE)

The epithelium continues to invaginate and deepen until
the enamel organ takes on the shape of a bell (Fig. 4-1, C).
It is during this stage that the cells of the dental papilla
differentiate into odontoblasts and those of the inner
enamel epithelium differentiate into ameloblasts.

Histodifferentiation marks the end of the proliferative
stage as the cells lose their capacity to multiply. This stage
is the forerunner of appositional activity. Disturbances
in the differentiation of the formative cells of the tooth
germ result in abnormal structure of the dentin or enamel.
One clinical example of the failure of ameloblasts to dif-
ferentiate properly is amelogenesis imperfecta (Figs. 3-32
and 3-33). The failure of the odontoblasts to differentiate
properly, with the resultant abnormal dentin structure,
results in dentinogenesis imperfecta (Fig. 3-31).

In the morphodifferentiation stage, the formative
cells are arranged to outline the form and size of the
tooth. This process occurs before matrix deposition.
The morphologic pattern of the tooth becomes estab-
lished when the inner enamel epithelium is arranged
so that the boundary between it and the odontoblasts
outlines the future dentino-enamel junction. Distur-
bances and aberrations in morphodifferentiation lead
to abnormal forms and sizes of teeth, resulting in condi-
tions such as peg teeth, other types of microdontia, and
macrodontia.

APPOSITION

Appositional growth is the result of a layer-like deposi-
tion of a nonvital extracellular secretion in the form of a
tissue matrix. This matrix is deposited by the formative

cells, ameloblasts, and odontoblasts, which line up along
the future dentino-enamel and dentinocemental junction
at the stage of morphodifferentiation. These cells deposit
the enamel and dentin matrix in a definite pattern and
at a definite rate. The formative cells begin their work at
specific sites that are referred to as growth centers as soon as
the blueprint, the dentino-enamel junction, is completed
(Fig. 4-1, D).

Any systemic disturbance or local trauma that injures
the ameloblasts during enamel formation can cause an in-
terruption or an arrest in matrix apposition, which results
in enamel hypoplasia (Fig. 3-16). Hypoplasia of the den-
tin is less common than enamel hypoplasia and occurs
only after severe systemic disturbances (Fig. 3-15).

CALCIFICATION

Calcification (mineralization) takes place following ma-
trix deposition and involves the precipitation of inorgan-
ic calcium salts within the deposited matrix. The process
begins with the precipitation of a small nidus, and fur-
ther precipitation occurs around it. The original nidus in-
creases in size by the addition of concentric laminations.
There is an eventual approximation and fusion of these
individual calcospherites into a homogeneously mineral-
ized layer of tissue matrix. If the calcification process is
disturbed, there is a lack of fusion of the calcospherites.
These deficiencies are not readily identified in the enam-
el, but in the dentin they are evident microscopically and
are referred to as interglobular dentin.

EARLY DEVELOPMENT AND
CALCIFICATION OF THE ANTERIOR
PRIMARY TEETH

Kraus and Jordan found that the first macroscopic indi-
cation of morphologic development occurs at approxi-
mately 11 weeks in utero.? The maxillary and mandibular
central incisor crowns appear identical at this early stage
as tiny, hemispheric, moundlike structures.

The lateral incisors begin to develop morphologic char-
acteristics between 13 and 14 weeks. There is evidence of
the developing canines between 14 and 16 weeks. Calci-
fication of the central incisor begins at approximately 14
weeks in utero, with the maxillary central incisor slightly
preceding the mandibular central incisor. The initial cal-
cification of the lateral incisor occurs at 16 weeks and that
of the canine at 17 weeks.

The developmental dates listed precede by 3 to 4 weeks
the dates that appear in the chronology of the human
dentition as developed by Logan and Kronfeld.# This ob-
servation has been confirmed by Lunt and Law.>

EARLY DEVELOPMENT AND
CALCIFICATION OF THE POSTERIOR
PRIMARY TEETH AND THE FIRST
PERMANENT MOLAR

The maxillary first primary molar appears macroscopical-
ly at 12% weeks in utero. Kraus and Jordan? observed that,
as early as 15% weeks, the apex of the mesiobuccal cusp
may undergo calcification. At approximately 34 weeks
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the entire occlusal surface is covered by calcified tissue. At
birth, calcification includes roughly three fourths of the
occlusal gingival height of the crown.

The maxillary second primary molar also appears mac-
roscopically at about 122 weeks in utero. There is evi-
dence of calcification of the mesiobuccal cusp as early as
19 weeks. At birth, calcification extends occlusogingivally
to include approximately one fourth of the height of the
crown.

The mandibular first primary molar initially becomes
evident macroscopically at about 12 weeks in utero. Cal-
cification may be observed as early as 15% weeks at the
apex of the mesiobuccal cusp. At birth, a completely calci-
fied cap covers the occlusal surface.

The mandibular second primary molar also becomes
evident macroscopically at 12%2 weeks in utero. According
to Kraus and Jordan, calcification may begin at 18 weeks.?
At the time of birth, the five centers have coalesced, and
only a small area of uncalcified tissue remains in the
middle of the occlusal surface. There are sharp conical
cusps, angular ridges, and a smooth occlusal surface, all
of which indicate that calcification of these areas is in-
complete at birth. Thus there is a calcification sequence
of central incisor, first molar, lateral incisor, canine, and
second molar.

The work of Kraus and Jordan indicates that the adja-
cent second primary and the first permanent molars un-
dergo identical patterns of morphodifferentiation but at
different times, and the initial development of the first
permanent molar occurs slightly later. Their research has
also shown that the first permanent molars are uncalci-
fied before 28 weeks of age; calcification may begin at
any time thereafter. Some degree of calcification is always
present at birth. In addition, Marita and others,® using
first permanent and second primary molars, reported that
their patterns of cusp shape variability differ from each
other and that temporal factors contribute to the patterns
of size variability, while shape variability is influenced
more by topographic factors.

MORPHOLOGY OF INDIVIDUAL
PRIMARY TEETH

MAXILLARY CENTRAL INCISOR

The mesiodistal width of the crown of the maxillary cen-
tral incisor is greater than the cervico-incisal length. De-
velopmental lines are usually not evident in the crown;
thus the labial surface is smooth. The incisal edge is
nearly straight even before abrasion becomes evident.
There are well-developed marginal ridges on the lingual
surface and a distinctly developed cingulum (Figs. 4-2
and 4-3). The root of the incisor is conical with tapered
sides.

MAXILLARY LATERAL INCISOR

The outline of the maxillary lateral incisor is similar to
that of the central incisor, but the crown is smaller in all
dimensions. The length of the crown from the cervical to
the incisal edge is greater than the mesiodistal width. The
root outline is similar to that of the central incisor but is
longer in proportion to the crown.

F E D

Figure 4-2 Primary right anterior teeth, labial aspect. A,
Maxillary central incisor. B, Maxillary lateral incisor. C,
Maxillary canine. D, Mandibular central incisor. E, Mandibu-
lar lateral incisor. F, Mandibular canine. (From Nelson SJ:
Wheeler’s dental anatomy, physiology, and occlusion, ed 9,
Philadelphia, 2010, WB Saunders.)

MAXILLARY CANINE

The crown of the maxillary canine is more constricted
at the cervical region than are the incisors, and the incisal
and distal surfaces are more convex. There is a well-
developed sharp cusp rather than a relatively straight incisal
edge. The canine has a long, slender, tapering root that is
more than twice the length of the crown. The root is usually
inclined distally, apical to the middle third.

MANDIBULAR CENTRAL INCISOR

The mandibular central incisor is smaller than the maxil-
lary central incisor, but its labiolingual measurement is
usually only 1 mm less. The labial aspect presents a flat
surface without developmental grooves. The lingual sur-
face presents marginal ridges and a cingulum. The middle
third and the incisal third on the lingual surface may
have a flattened surface level with the marginal ridges,
or there may be a slight concavity. The incisal edge is
straight and bisects the crown labiolingually. The root is
approximately twice the length of the crown.

MANDIBULAR LATERAL INCISOR

The outline of the mandibular lateral incisor is similar to
that of the central incisor but is somewhat larger in all di-
mensions except labiolingually. The lingual surface may
have greater concavity between the marginal ridges. The
incisal edge slopes toward the distal aspect of the tooth.
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Figure 4-3 Primary right anterior teeth, lingual aspect.

A, Maxillary central incisor. B, Maxillary lateral incisor. C,
Maxillary canine. D, Mandibular central incisor. E, Mandibu-
lar lateral incisor. F, Mandibular canine. (From Nelson SJ:
Wheeler’s dental anatomy, physiology, and occlusion, ed 9,
Philadelphia, 2010, WB Saunders.)

MANDIBULAR CANINE

The form of the mandibular canine is similar to that of
the maxillary canine, with a few exceptions. The crown
is slightly shorter, and the root may be as much as 2 mm
shorter than that of the maxillary canine. The mandibu-
lar canine is not as large labiolingually as its maxillary
counterpart.

MAXILLARY FIRST MOLAR

The greatest dimension of the crown of the maxillary first
molar is at the mesiodistal contact areas, and from these
areas the crown converges toward the cervical region
(Figs. 4-4, 4-5, and 4-6).

The mesiolingual cusp is the largest and sharpest. The
distolingual cusp is poorly defined, small, and rounded.
The buccal surface is smooth, with little evidence of de-
velopmental grooves. The three roots are long, slender,
and widely spread.

MAXILLARY SECOND MOLAR

There is a considerable resemblance between the maxillary
second primary molar and the maxillary first permanent
molar. There are two well-defined buccal cusps, with a de-
velopmental groove between them. The crown of the sec-
ond molar is considerably larger than that of the first molar.

The bifurcation between the buccal roots is close to
the cervical region. The roots are longer and heavier than
those of the first primary molar, and the lingual root is
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Figure 4-4 Primary right molars, buccal aspect. A, Maxil-
lary first molar. B, Maxillary second molar. €, Mandibular
first molar. D, Mandibular second molar. (From Nelson SJ:
Wheeler’s dental anatomy, physiology, and occlusion, ed 9,
Philadelphia, 2010, WB Saunders.)
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Figure 4-5 Primary right molars, lingual aspect. A, Maxil-
lary first molar. B, Maxillary second molar. €, Mandibular
first molar. D, Mandibular second molar. (From Nelson SJ:
Wheeler’s dental anatomy, physiology, and occlusion, ed 9,
Philadelphia, 2010, WB Saunders.)
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Figure 4-6 Primary right molars, mesial aspect. A, Maxil-

lary first molar. B, Maxillary second molar. €, Mandibular
first molar. D, Mandibular second molar. (From Nelson SJ:
Wheeler’s dental anatomy, physiology, and occlusion, ed 9,

Philadelphia, 2010, WB Saunders.)

large and thick compared with the other roots (Figs. 4-4
and 4-5).

The lingual surface has three cusps: a mesiolingual
cusp that is large and well developed, a distolingual cusp,
and a third and smaller supplemental cusp (the cusp of
Carabelli). A well-defined groove separates the mesiolin-
gual cusp from the distolingual cusp. On the occlusal sur-
face a prominent oblique ridge connects the mesiolingual
cusp with the distobuccal cusp (Fig. 4-7).

MANDIBULAR FIRST MOLAR

Unlike the other primary teeth, the first primary molar
does not resemble any of the permanent teeth. The mesial
outline of the tooth, when viewed from the buccal aspect,
is almost straight from the contact area to the cervical
region. The distal area of the tooth is shorter than the
mesial area.

The two distinct buccal cusps have no evidence of a
distinct developmental groove between them; the mesial
cusp is the larger of the two.

There is a pronounced lingual convergence of the
crown on the mesial aspect, with a rhomboid outline
present on the distal aspect. The mesiolingual cusp is long
and sharp at the tip; a developmental groove separates
this cusp from the distolingual cusp, which is rounded
and well developed. The mesial marginal ridge is well de-
veloped, to the extent that it appears as another small
cusp lingually. When the tooth is viewed from the mesial

aspect, there is an extreme curvature buccally at the cervi-
cal third. The crown length is greater in the mesiobuccal
area than in the mesiolingual area; thus the cervical line
slants upward from the buccal to the lingual surface.

The longer slender roots spread considerably at the
apical third, extending beyond the outline of the crown.
The mesial root, when viewed from the mesial aspect,
does not resemble any other primary root. The buccal and
lingual outlines of the root drop straight down from the
crown, being essentially parallel for more than half their
length. The end of the root is flat and almost square.

MANDIBULAR SECOND MOLAR

The mandibular second molar resembles the mandibu-
lar first permanent molar, except that the primary tooth
is smaller in all its dimensions. The buccal surface is di-
vided into three cusps that are separated by mesiobuc-
cal and distobuccal developmental grooves. The cusps
are almost equal in size. Two cusps of almost equal size
are evident on the lingual surface and are divided by a
short lingual groove.

The primary second molar, when viewed from the
occlusal surface, appears rectangular with a slight distal
convergence of the crown. The mesial marginal ridge is de-
veloped to a greater extent than the distal marginal ridge.

One difference between the crown of the primary mo-
lar and that of the first permanent molar is in the disto-
buccal cusp; the distal cusp of the permanent molar is
smaller than the other two buccal cusps.

The roots of the primary second molar are long and
slender, with a characteristic flare mesiodistally in the
middle and apical thirds.

MORPHOLOGIC DIFFERENCES BETWEEN
PRIMARY AND PERMANENT TEETH

Cleghorn and others’ state that the morphology of the
primary dentition is different in many respects from that
of the permanent dentition, and not only in the sizes of
the crowns and roots. They have outlined these morpho-
logic differences (Box 4-1).

SIZE AND MORPHOLOGY OF THE
PRIMARY TOOTH PULP CHAMBER

Considerable individual variation exists in the sizes of
the pulp chambers and pulp canals of the primary teeth.
Immediately after tooth eruption, the pulp chambers are
large and generally follow the outline of the crown. They
decrease in size as age increases and under the influence
of both function and abrasion of the occlusal and incisal
surfaces of the teeth.

No attempt is made here to describe in detail each pulp
chamber outline; rather, it is suggested that the dentist
examine critically the bitewing radiographs of the child
before undertaking operative procedures. Just as there
are individual differences in the calcification and erup-
tion times of teeth, so are there individual differences in
the morphology of the crowns and the size of the pulp
chamber. However, radiographs do not demonstrate com-
pletely the extent of the pulp horn into the cuspal area.
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Figure 4-7 Primary right molars, occlusal aspect.
A, Maxillary first molar. B, Maxillary second
molar. €, Mandibular first molar. D, Mandibu-
lar second molar. BDG, Buccal developmental
groove; CDG, central developmental groove;
CP, central pit; DBC, distobuccal cusp; DBDG,
distobuccal developmental groove; DC, distal
cusp; DDG, distal developmental groove; DLC,
distolingual cusp; DP, distal pit; DTF, distal
triangular fossa; FC, fifth cusp; LDG, lingual
pBDG developmental groove; MBC, mesiobuccal cusp;
MBDG, mesiobuccal developmental groove;
MLC, mesiolingual cusp; MP, mesial pit; MTF,
mesial triangular fossa; OR, oblique ridge. (From
Nelson S|: Wheeler’s dental anatomy, physiology,
and occlusion, ed 9, Philadelphia, 2010,

LDG WB Saunders.)

Characteristics of Teeth in the Primary Dentition

Crowns

The crowns in the primary dentition are shorter relative to
the length of the root (i.e., smaller crown: root ratio).

The occlusal tables of primary molars are constricted buc-
colingually and much narrower mesiodistally when com-
pared with those of the permanent molars.

Enamel and dentin are thinner compared with permanent
teeth.

The thickness of the enamel and dentin of primary teeth is
approximately half that of permanent teeth.

The enamel rod direction in the cervical area is angled oc-
clusally compared with the apical direction in permanent
teeth.

Crowns of primary teeth are characterized by significant
cervical constriction in both the mesiodistal and faciolin-
gual dimensions.

The primary molars have a pronounced buccal cervical
bulge.

The contact areas of primary molars are flat and very broad
buccolingually compared with the permanent molars.
The crown color of the primary teeth is whiter and a lighter

shade.

Roots

The roots of the primary molars have a greater flare, which
accommodates the developing crowns of the succedane-
ous permanent premolars of the permanent dentition.

The mesiodistal width of the roots of primary anterior teeth
is much narrower than the crown when compared with
those of the permanent anterior teeth.

The primary molar roots are relatively longer and more
slender, i.e., mandibular molar roots are narrower me-
siodistally, maxillary MB and DB roots are narrower
mesiodistally, and maxillary palatal roots are narrower
buccolingually.

Pulp and Root Canal Systems

The size of the pulp relative to the crown is larger in the
primary teeth.

Pulp horns are higher in proportion and are located closer
to the DEJ and to the outer surface of the crown.

Mesial pulp horns are higher than distal pulp horns.

Pulp chambers are shaped comparably with the shape of
the outline of the crown from an occlusal view.

Pulp horns are present under each cusp of the primary mo-
lars.

The pulp chambers of primary mandibular molar teeth are
normally larger than the pulp chambers of primary max-
illary molars.

The root canal system of fully developed primary molars is
extremely tortuous and complex.

Used with permission from Cleghorn BM, Boorberg NB, Christie WH. Primary human teeth and their root canal systems, Endodontic Topics 23:6-33,

2010.
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In addition, the cemento-enamel junction of primary
teeth presents three interesting morphologic relation-
ships, in which the cementum is over enamel, the ce-
mentum and enamel are edge to edge, or there is a gap
between the cementum and enamel with dentin expo-
sure. This irregularity in the cemento-enamel junction
may indicate the need for care during restorative and
other procedures to avoid damage.?
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CHAPTER OUTLINE

REVIEW OF GENETIC PRINCIPLES

CELL DIFFERENTIATION AND
DEVELOPMENTAL BIOLOGY

CHROMOSOMES

HEREDITARY TRAITS IN FAMILIES

INHERITANCE

DEVELOPMENTAL BIOLOGY OF Penetrance

ENAMEL Expressivity
AUTOSOMAL-DOMINANT Epigenetics

INHERITANCE MULTIFACTORIAL INHERITANCE
AUTOSOMAL-RECESSIVE Multifactorial (Complex) Inheritance

INHERITANCE in Human Diseases

he purpose of this chapter is twofold: to review ge-

netic principles and to mention a few examples of

the influence of genetic factors on major craniofa-
cial, oral, and dental conditions. As the basis for relatively
rare developmental dysplasias, diseases, and syndromes
that show a genetic cause or marked genetic influence be-
comes known, increasing attention is being paid to those
genetic factors that influence (or are associated with)
more common conditions. An increased appreciation of
how genetic factors interact with environmental (nonge-
netic) factors to influence growth and pathology will lead
to an increased understanding of pathogenesis and the
recognition that some groups or individuals may be more
susceptible or that they may respond differently to treat-
ment. Further information may be found online in the
Genetics Home Reference—Your Guide to Understanding
Genetic Conditions at http://ghr.nlm.nih.gov.

REVIEW OF GENETIC PRINCIPLES

The genome contains the entire genetic content of a set
of chromosomes present within a cell or an organism.
Within the genome are genes that represent the smallest
physical and functional units of inheritance that reside
in specific sites (called loci or locus for a single location).
A gene can be defined as the entire DNA sequence
necessary for the synthesis of a functional polypeptide
molecule (production of a protein via a messenger RNA
intermediate) or RNA molecule (transfer RNA and ribo-
somal RNA). Genotype generally refers to the set of genes
that an individual carries and, in particular, usually
refers to the specific pair of alleles (alternative forms of

X-LINKED OR SEX-LINKED

X-Linked Dominant
X-Linked Recessive
VARIATION IN GENE EXPRESSION

INFLUENCE OF GENETIC FACTORS
ON MAJOR CRANIOFACIAL,
ORAL, AND DENTAL CONDITIONS

GENETICS AND DENTAL CARIES

GENETICS AND PERIODONTAL DISEASE
Aggressive (Early-Onset)

Periodontitis

GENETICS OF MALOCCLUSION

EXTERNAL APICAL ROOT
RESORPTION

GENETICS OF CLEFT LIP AND PALATE

a particular gene) that a person has at a given location
(locus) of his/her total collection of DNA, called that
individual’s genome. In contrast, phenotype is the observ-
able properties and physical characteristics of an indi-
vidual, as determined by the individual’s genotype and
the environment in which the individual develops over
a period of time.

Remarkable advances in the biochemical techniques
used to study cell molecular biology and DNA have taken
researchers to the threshold of understanding the regula-
tion of cell functions. To illustrate, not so long ago, DNA
analyses were performed on minute amounts (picograms)
of DNA. This limitation was necessary because there was
so little DNA available for study in samples. When in-
vestigators discovered the DNA polymerase enzyme that
could replicate DNA through the polymerase chain reac-
tion and make it by the gram, this problem of samples
disappeared. This advance facilitated the completion of
the human genome project, which resulted in not only
the definition of a single human genome sequence com-
posed of overlapping parts from many humans but also
an expanding catalogue of more than one million sites
of variation in the human genome sequence. These varia-
tions (or polymorphisms) may be used as markers for ge-
netic analysis (including analysis of genetic-environmen-
tal interaction) in human beings. The genome varies from
one individual to the next, most often in terms of single
base changes of DNA, called single nucleotide polymor-
phisms (SNPs, pronounced “snips”). The main use of this
human SNP map will be to determine the contributions
of genes to diseases (or nondisease phenotypes) that have
complex, multifactorial bases (Fig. 5-1).
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Figure 5-1 Single nucleotide polymorphism (SNP) genotyping endpoint fluorescence scatter plot. Each triangle is an individual
located in an area that is homozygous for one of the gene variants (alleles), or homozygous for the other gene variant (allele),
or has one of each (heterozygous). The individual’s genotype for that specific SNP can be determined by the location of the
symbol for that person on the scatter plot. For example, this is a plot for the catechol O-methyltransferase gene SNP, which

is important in pain perception. The individuals indicated by the green triangles are GG, the individuals marked by the red
triangles are AG, and the blue triangles are those who are AA. The gray samples in the lower left corner are control individuals
who had water with no DNA sample to check for contamination of the components. [From Hartsfield JK Jr et al: Pain percep-
tion following orthodontic separator placement and COMT haplotype. | Dent Res 93(Spec Iss B): abstract number 1674, 2014

(www.dentalresearch.org).]

Information about genetic influences on clinical ques-
tions is starting to accelerate due to what is referred to
as next-generation or “deep” sequencing. Compared with
the methods used in the human genome project over 10
years ago, modern sequencers are 50,000-fold faster, and
therefore proportionately cheaper (Fig. 5-2). Although
costs are decreasing, generating high coverage across the
entire genome (referred to as whole genome sequencing,

or WGSY) is still expensive. So, a common alternative is to
use hybridization capture to enrich a DNA sample only
for sequences in the exons of coding genes (known as the
“exome”), resulting in whole exome sequencing (WES).!
Determination of the genes responsible for still-unknown
Mendelian (single-gene) and complex diseases and traits
presents an immediate opportunity for this technology to
be used to move from approaches based on only partial
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Figure 5-2 Genome sequencing cost in USD as estimated by the National Human Genome Research Institute. In comparison
with hypothetical data reflecting Moore’s law, which describes a long-term trend in the computer hardware industry that
involves the doubling of “compute power” every 2 years, the progress in decreasing the costs of genomic sequencing has
been spectacular. [From Wetterstrand KA: DNA sequencing costs: data from the NHGRI Genome Sequencing Program (GSP);
available at: www.genome.gov/sequencingcosts. Accessed 5-7-2014.]

information (genetic linkage and genome-wide associa-
tion studies, GWAS) to complete analysis of the relation-
ship between genomic variation and phenotype.>

CELL DIFFERENTIATION AND
DEVELOPMENTAL BIOLOGY

It is fascinating that a single fertilized ovum contains
within itself the potential for development of the incred-
ibly complicated human organism. Cellular differentia-
tion is a critical component of this developmental process
and, aside from the development of antibody diversity,
typically occurs in the absence of genetic alteration or
mutation. Different types of cells gain their specific iden-
tities from a particular subset of the approximately 30,000
or more genes present within the genome. The types of
polypeptides that a cell can synthesize include: enzymes,
which catalyze various activities of cellular metabolism
and homeostasis; structural proteins, which form the in-
tracellular and extracellular scaffolding or cellular matrix;
and regulatory proteins, which convey signals from the
outside of the cell to the nucleus and modulate or control
specific gene expression. In a developing embryo, cells re-
side in a three-dimensional environment and respond to
signals from themselves (autocrine), from nearby sources
(paracrine), and from anatomically distant sources (en-
docrine). Many of these signals are mediated by soluble
molecules (either peptide or nonpeptide in origin) that
bind to specific receptors (proteins) present on the sur-
face or on the inside of cells. In addition to signals from

soluble factors, cells can respond to cell-to-cell or cell-to-

extracellular matrix signals.3
The action of “turning on” or “turning oft” specific

genes, referred to as regulation of gene expression, is care-
fully orchestrated and remains a critical element in the
determination of cell specificity and tissue morphogen-
esis. Transcription factors bind to DNA and either fa-
cilitate or suppress initiation of gene transcription, the
most common control point of gene expression. In the
development of the craniofacial complex, there is increas-
ing evidence for the role of homeobox-containing gene
families that encode transcription factors. These then are
critical for the control of complex interactions between
and among genes that are subsequently expressed during
development.
In summary:

1. The genetic message lies in the DNA itself, which is
coded and transmitted from cell generation to cell
generation when these DNA molecules are replicated
(or duplicated).

2. A given cell type and function are defined by the
specific RNA molecules made from the DNA master.
These RNA molecular copies direct protein synthesis
in the cell.

3. Transcription factors determine which genes are
expressed through the production of the RNA and
subsequent protein.

4. Environmental factors can influence the modification
of gene expression through the addition or removal of
chemical moieties such as methyl and acetyl groups
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Figure 5-3 Banded karyotype of a male with trisomy of chromosome 21 (Down syndrome). (Courtesy Cytogenetic Laborato-

ries, Indiana University School of Medicine, Indianapolis.)

to the DNA or supporting structures, referred to as
epigenetics. If present in the germ line, these changes
can be inherited along with the DNA sequence.

5. Development occurs through the action of specific
transcription factors and other regulators of protein
production on specific genes that need to be ex-
pressed next in time.

CHROMOSOMES

DNA is grouped into units called chromosomes. Humans
have 46 chromosomes that contain an estimated 30,000
genes, including numerous duplicates. Of the 46 chro-
mosomes, the sex chromosomes are the X and Y and the
remaining 44 chromosomes are referred to as autosomes.
Each autosome has a paired mate that is referred to as its
homologue. Therefore, with the exception of some of the
genes on the X and Y chromosomes in males, there are
at least two copies of each gene unless a piece of DNA is
deleted. Thus the human chromosome complement con-
sists of 23 pairs of chromosomes (one pair of sex chromo-
somes and 22 pairs of autosomes).

Lejeune and colleagues demonstrated that the fun-
damental cause of Down syndrome is the presence of an
extra specific chromosome (number 21) in the affected in-
dividual’s cells.* When an entire extra chromosome is pres-
ent, the condition is called a trisomy of the chromosome
in question; for example, trisomy 21 for Down syndrome.
Figure 5-3 shows the karyotype of a male who has Down
syndrome. The extra chromosome in the group of number
21 and number 22 chromosomes is readily apparent.

Since this report in 1959, many disease states have
been shown to be associated with an incorrect chromo-
some complement. By using first the microscopic study
of chromosome structure, and now the chromosomal

microarray approach with considerable refinement, it
was shown that alterations in the fine structure of chro-
mosomes, as well as in their number, could be present.
Monosomy of an autosome, or a missing autosomal chro-
mosome, had not been believed to be compatible with
life, but several monosomies in live-born children have
now been reported. Monosomy of the sex chromosomes
can be compatible with life and typically affects develop-
ment of both internal and external sex organs of the
individuals. The best-known example of this is Turner
syndrome, which occurs in approximately 1 in every 5000
live female births. These persons are phenotypic females
who are usually missing one of the X chromosomes and
are chromosomally designated as 45, X. Other aberrations
of the X chromosome may also cause Turner syndrome.
Affected individuals are typically short of stature, lack
secondary gender characteristics, and are sterile. Table
5-1 lists common chromosomal aberrations that produce
clinical disease, including examples of translocations (the
attachment of a broken piece from one chromosome to
another, but not homologous, chromosome) and dele-
tions (the absence of a piece of a chromosome).
Chromosome abnormalities are an important cause of
spontaneous abortion. About 15% of all recognized preg-
nancies end in spontaneous abortion, and the incidence
of chromosome abnormalities in such abortions is greater
than 50%. Only 0.3% to 0.5% of all live-born infants have a
chromosome abnormality that is detectable with standard
microscopic karyotyping. Microdeletions and microdupli-
cations of DNA, not visible by routine chromosome karyo-
type analysis, are a major cause of human malformation
and mental retardation. A complementary analysis called
comparative genomic hybridization (CGH) or chromosomal mi-
croarray (CMA) can improve the diagnostic detection rate
of these small chromosomal abnormalities. The technology
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Table 5-1

Common Chromosomal Aberrations

Type Specific Alteration Clinical Result
Aneuploidy Trisomy 21 Down syndrome
Trisomy 18 Edwards syndrome
Trisomy 13 Patau syndrome
Extra X chromosomes In females: XXX, XXXX, XXXXX syndromes
In males: Klinefelter syndrome—XXY, XXXY, and XXXXY
Monosomy, autosomal Usually nonviable
Monosomy, X chromosome In females: Turner syndrome, 45, X
In males: nonviable, 45, Y
Translocation 14/21, 21/21 or 21/22 Translocation carrier (normal phenotype) or Down
syndrome
Deletion Ring chromosome Variable
Short arm chromosome No. 5 Cri du chat syndrome

Philadelphia chromosome (No. 22)  Chronic myeloid leukemia

has advanced so that CMA is now the American College of the relative importance of genetic factors on a trait in a
of Medical Genetics and Genomics’ recommended first-tier group at that time. Confirming that there is a certain degree
diagnostic test for individuals with multiple congenital of genetic influence on a trait is a preliminary step to per-
anomalies, developmental delay/intellectual disability, and forming further specific genetic linkage studies (with DNA
autism spectrum disorders.> Although chromosomal mi- markers) to determine areas of the genome that appear to be
croarray has been extensively shown to provide a higher associated with the characteristics of a given trait.
diagnostic yield than conventional cytogenetic methods, When hereditary traits in families are to be studied, it is
some health insurers refuse to provide coverage for this test, convenient to think of three classes of genetically influenced
claiming that it is experimental and does not affect patients’ traits: (1) monogenic, (2) polygenic, and (3) multifactorial.
clinical management. In contrast to this claim, there are Recently, the polygenic and multifactorial classes have often
data demonstrating the clinical utility of CMA.° been combined into what are referred to as complex traits
rather than Mendelian traits.” Monogenic traits are pro-
HEREDITARY TRAITS IN FAMILIES duced apd regulat.ed by a single gene lgcus. Usually the'zy
are relatively rare in the general population (occurrence in
Heritability is the proportion of the total phenotypic vari- fewer than 1 per 1000 individuals). However, if the appear-
ance in a sample that is contributed by genetic variance. ance of an affected person is striking, there may be instant
On an individual basis for a binary trait (i.e., a disease or recognition of the disease, as with patients having albinism,
trait that an individual either has or does not have), heri- achondroplasia, or neurofibromatosis. Monogenetic condi-
tability is not the proportion of disease or the trait attrib- tions often occur in families and show transmission char-
utable to, or caused by, genetic factors. For a quantitative acteristics of the Mendelian (dominant or recessive) traits.
trait, heritability is not a measure of the proportion of an Polygenic traits, too, are hereditary and typically ex-
individual’s score attributable to genetic factors.” A trait ert influence over common characteristics such as height,
with a heritability of 1 is said to be expressed without any skin, and intelligence. This influence takes place through
environmental influence, whereas a trait with a heritability many gene loci collectively asserting their regulation of
of 0.5 has half its variability (from individual to individual) the trait. Although each gene involved has a minimal ef-
influenced by environmental factors and half by genotypic fect by itself, the effect of all the genes involved is ad-
factors. Values greater than 1 may occur because the meth- ditive. The associated phenotype is rarely discrete and
odology provides an estimate of heritability under several is most commonly continuous or quantitative. Because
simplifying assumptions that may be incorrect. these traits show a quantitative distribution of their phe-
There is the common perception that knowing a trait’s notypes in a population, they do not show Mendelian in-
heritability will somehow affect how a patient should be heritance patterns. It is important to note that the very
treated (e.g., for malocclusion) or that it will define the limits nature of their influence (multiple genes, each with a
of tooth movement or the manipulation of jaw growth. This small additive effect) dictates that their environment may
is not true. The ability of the patient to respond to changes readily influence them. Monogenic traits are not readily
in the environment (including treatment), which has noth- amenable to large-scale environmental modification, al-
ing to do with heritability, defines these limits. Heritability though there can be variations, presumably secondary to
estimates imply nothing about trait size or treatment lim- other genetic and environmental factors. By contrast, one
its based on a presumed genetic “predetermination.”® Even can easily think of a dozen environmental factors known

so, the estimation of heritability can provide an indication to influence height and intelligence quotient.
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Finally, multifactorial traits or conditions are influ-
enced by multiple genes but differ significantly from
polygenic traits in that the influence is achieved through
an interaction of multiple genes and environmental fac-
tors and occurs when a liability threshold is exceeded. Al-
though typically the number of genes involved is many,
occasionally a few genes, sometimes only two or three,
influence the trait. The effect of these genes on the phe-
notype is therefore a net effect, not necessarily a simple
additive one. Furthermore, phenotypic expression ap-
proaches that of a discrete Mendelian trait and therefore
cannot be readily classed as a quantitative trait. Likewise,
the effect of a gene influencing the phenotype may not
be as great as that of a gene associated with a monogenic
trait, but the gene may be referred to as having a major
effect. Among the well-known hereditary types of condi-
tions designated as multifactorial are many of the severe
nonsyndromic congenital malformations such as cleft lip
and palate (CLP), neural tube defects such as spina bifida,
anencephaly, and hip dislocation. Multifactorial complex
inheritance is discussed later.

The investigation of human heritable traits usually
involves the observation of specific features in a family
and the study of that family’s pedigree. In a family, the
affected individual who first brings that family to the at-
tention of the geneticist is called the proband or propositus.
This individual is the index case. Brothers and sisters of
the proband are siblings or sibs. Thus a sibship consists of
all the brothers and sisters in a nuclear family unit (par-
ents and their offspring). The clinical appearance in an
individual of a given trait, such as eye color or height, is
that individual’s phenotype, whereas the specific genetic
makeup that influences or is associated with the pheno-
type is the genotype.

In an earlier section, the point is made that the human
chromosome complement has 22 homologous pairs of
autosomes and one pair of sex chromosomes. Because of
homologue pairing (excluding the X and Y chromosomes
in the male), there are at least two copies of each gene,
one located at the same position (locus) on each member
of the homologous pair. Genes at the same locus on a
pair of homologous chromosomes are alleles. When both
members of a pair of alleles are identical, the individual
is homozygous for that locus. When the two alleles at a
specific locus are different, the individual is heterozygous
for that locus.

A gene that results in the expression of a particular
phenotype in single dose (i.e., heterozygous) is a domi-
nant gene. If the gene must be present in double dose
(homozygous) to express the phenotype, it is a recessive
gene. It is actually the phenotype that is dominant or re-
cessive and not the gene itself. The terms dominant gene
and recessive gene, though, are commonly used to describe
these types of inherited traits in families.

Construction of a pedigree, which is a shorthand meth-
od of classifying the family data, conveniently summarizes
these data for the study of inherited traits. The symbols
used in constructing a pedigree are shown in Figure 5-4. The
observable inheritance patterns followed by such mono-
genic traits within families are determined by (1) whether
the trait is dominant or recessive, (2) whether the gene is

Male 1 Marriage
5 5males Consanguineous
marriage
Female
I lllegitimacy
3 3females
—F No issue

<> Sex unknown

@ Sex unknown, e.g.:
8 siblings

— e ——

Identical twins

FR Fraternal twins

. Examined professionally;
. affected with trait

. Not examined professionally;

reported to have trait Smaller symnbols:

[ Lived less than 1 day

<F> Pregnancy
A stillbirth

Examined professionally;
o normal for trait

Not examined; reported
normal for trait

@ Adopted

[] Miscarriage

EXAMPLE OF SYMBOL USE
(Marriage and Sibship)

TAD

Figure 5-4 Pedigree symbols used in family studies.

autosomal (on one of the autosomes) or X-linked (on the
X chromosome), and (3) the chance distribution in the off-
spring of those genes passed from parents in their gametes
(sperm and ova). Pedigree construction is a valuable tool for
the clinician who is concerned with the diagnosis of and
counseling regarding hereditary traits. Every dentist should
be able to construct and interpret a pedigree because it is a
certainty that patients will come to the dentist’s office with
heritable oral diseases that must be diagnosed before treat-
ment can begin.

The simple patterns of monogenic inheritance seen in
families are described in the following discussion. Because
all the Mendelian modes of inheritance are found in the
amelogenesis imperfecta (Al) disorders, these are used to
illustrate basic genetic principles.

DEVELOPMENTAL BIOLOGY OF ENAMEL

Tucker and Sharpe have provided a review of how molec-
ular biologists are studying the genetic factors involved in
dental development.!'? The two developmentally different
cell layers involved in dentinogenesis, inner enamel epi-
thelium (enamel) and neural crest (dentin), are separated
by an extracellular matrix.!! Specific tooth development
is then mutually dependent on reciprocal cell-to-cell sig-
naling between these two developmentally different cell
layers.!? The genes involved in the development of these




tissues are candidates for DNA mutation analysis, espe-
cially if they are in a chromosome location that has been
associated with or linked to an inherited defect of enamel
or dentin. The most intriguing dental research today is
focused on (1) the attempt to localize the genes for these
proteins to specific loci and (2) the biochemical identifi-
cation of a specific defect in the protein that prevents it
from functioning normally. The following is a discussion
of genetic principles best exemplified by the heritable
disorders of enamel. (Further discussion of the molecular
basis of the heritable disorders of dentin and enamel ap-
pears in Chapter 3.)

Based on clinical appearance, radiographic character-
istics, and microscopic features, oral pathologists have
recognized three major types of inherited enamel defects:
hypoplasia, hypocalcification, and hypomaturation.

These terms also provide the general description of the
disease phenotypes. For example, in type 1, enamel hy-
poplasia, the enamel is hard and well calcified but defec-
tive in amount, so the teeth appear small. Two types of
deficient enamel phenotypes are seen: generalized (all the
enamel) and localized (pits and grooves in specific areas).
Type 2, hypocalcification disorders, are those in which
the enamel matrix is so drastically altered that normal
calcification cannot occur, with the result that the clinical
phenotype is soft, mushy enamel that easily wears away.
Type 3 defect, hypomaturation, involves the process of
maturation of the enamel crystal. This occurs after an
essentially normal enamel matrix has been established.
The enamel is of normal thickness (not hypoplastic) and
relatively normal hardness (slightly hypocalcified) with
reduced radiographic density and discoloration.

From this collection of enamel diseases we can now
select four examples of Al that illustrate the four ma-
jor Mendelian modes of inheritance: autosomal domi-
nant (AD), autosomal recessive (AR), X-linked dominant
(XLD), and X-linked recessive (XLR).

One characteristic of inherited dental defects is that
both dentitions (primary and permanent) are affected.
Occasionally the defect is expressed differently in the two
dentitions, as in the case of dentin dysplasia type IL.!3
However, it is much more common to see the same clini-
cal and radiographic picture in both dentitions. Both den-
titions are affected in Al disorders.

AUTOSOMAL-DOMINANT INHERITANCE

From pedigrees such as that shown in Figure 5-5, the fol-

lowing criteria for AD inheritance may be deduced:

1. The phenotype occurs in successive generations, that
is, it shows vertical inheritance.

2. On average, 50% of the offspring of an affected parent
will also be affected.

3. Normal parents have normal offspring. The following
causes of exceptions to this rule are worth noting:

e Nonpenetrance of the trait (defined later).

e A mutation in either the sperm or egg.

¢ Germinal mosaicism. This is an increasingly invoked
explanation for this situation. In this case, one of the
parents is mosaic in the germ cell line, and the sperm
or eggs are of two types—one cell line with and one
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Figure 5-5 Autosomal-dominant inheritance in hypocalcified
amelogenesis imperfecta.

cell line without the mutation. Chance determines
which sperm cell line will be selected. However, as
the molecular basis of genetic traits becomes evident,
mutation analysis may show that a parent believed
to be unaffected may actually also have the somatic
mutation found in affected children.
e Nonpaternity. Although this is not strictly a genetic
problem, the illegitimacy rate in the U.S. popula-
tion is high enough to make this a likely explanation
when a normal couple has a child affected with a
completely penetrant dominant trait.
4. Males and females are equally likely to be affected.
The hypocalcification type of Al provides an excellent
example of AD inheritance. For diagnosis of this trait, sev-
eral criteria are used. First, enamel matrix is susceptible to
abrasion. The clinical picture is typical—gross accumula-
tion of plaque on teeth that are hypersensitive because of
the exposed dentin. Second, radiographs show enamel of
various interproximal thicknesses but with a Swiss cheese
appearance because of loss of mineral. Thus severe abra-
sion of this soft enamel is common.

AUTOSOMAL-RECESSIVE INHERITANCE

Recessively inherited traits require that both genes of a
given pair at a single locus code for defective proteins.
Thus, of the two alleles at this genetic locus for Al, both
must be mutants to show the trait. The following three
gene pairs are recognized: AA, normal; Aa, heterozygote,
showing an unaffected phenotype; and aa, homozygous,
affected phenotype. The most common genetic situation
producing an affected child is that in which both parents

are heterozygous at this genetic locus (Fig. 5-6).

The following significant points about recessive inheri-
tance must be noted:

1. The concept of a gene carrier is used here. The car-
rier is heterozygous for a recessive gene, and this
single gene has only subtle, if any, expression. Par-
ents of an affected child are typically heterozygous
(carriers) and are then interpreted as being normal.
Sometimes the carrier state can be detected, as in
the case of phenylketonuria or Tay-Sachs disease. In
these conditions a test is available for carrier identi-
fication to detect the presence of the single mutant
gene. This greatly improves the precision of genetic
counseling.
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2. The rarer the recessive gene, the more likely it is that
normal parents who have an affected child will be
blood relatives. This is consanguineous mating. Given
that both parents who produce an AR-affected child
are heterozygotes, it is easy to see that only one of the
four possible combinations of parents’ genes results in
the homozygous-affected genotype. Hence, the recur-
rence risk for an affected child in this case is 25%.
Note that transmission of the phenotype in a pedigree
is horizontal (typically present only in sibs) and not
vertical as with a dominant trait.

Of several AR types of Al, the one chosen for discus-
sion here is the pigmented hypomaturation form. In this
instance, the genetic defect probably lies in the protein
needed in late tooth development to produce mature,
hard, and dense enamel. The defective enamel present
is softer than normal but not nearly as soft and easily
abraded as in the hypocalcification defect. Remarkably, a
brown pigment is found in these outer layers of enamel
that are formed last, imparting a dark brown, unsightly
appearance that necessitates restorative treatment. A ped-
igree illustrating AR inheritance of this hypomaturation
defect is shown in Figure 5-6.

Normal male, female 5
Affected female .

Figure 5-6 Autosomal-recessive inheritance in pigmented
amelogenesis imperfecta.

X-LINKED OR SEX-LINKED INHERITANCE

Genes on the sex chromosomes are unequally distributed
to males and females. This inequality is the result of the
following facts: (1) males have one X and one Y chromo-
some, whereas females have two X chromosomes; and (2)
the genes active on the Y chromosome are essentially con-
cerned with the development of the male reproductive
system. For these reasons, then, males are hemizygous for
X-linked genes, meaning that they have only half (or one
each) of the X-linked genes. Because females have two X
chromosomes, they may be either homozygous or hetero-
zygous for X-linked genes, just as with autosomal genes.

Interesting genetic combinations are made possible by
the male hemizygous condition. Because only one gene
locus of each kind in the X chromosome is represented in
the male, all recessive genes in single dose express them-
selves phenotypically and thereby behave as though they
were dominant genes. Conversely, XLR genes must be
present in double dose (homozygous) in females to fully
express themselves. Consequently, full expression of rare
XLR diseases in practice is restricted to males and is seen
infrequently in females.

To this point we have considered heritable defects in
two of the three major types of enamel disorders. The
third type—AI, hypoplastic type—shows both autosomal
and X-linked modes of inheritance, but only one X-linked
type is described here.

X-LINKED DOMINANT

Figure 5-7 is the pedigree of a family with an XLD form of
Al, hypoplastic type.'* The clinical features are diagnostic
and in some females can be quite striking.

Once again, both dentitions are affected similarly.
The surface defect has been described as being granu-
lar, lobular, or even pitted. Conceivably, all these dif-
ferent forms of expression are the result of the action of
a single gene (or at least its alleles). The enamel is hard
but because of its thinness is more susceptible to fracture
and abnormal wear. Under the appropriate conditions,
this trait resembles a hypocalcification defect. However,
radiographs quickly resolve this diagnostic problem and
show enamel of normal density but with greatly reduced
thickness.

Normal male, female >

. Affected male, female .2 .

Figure 5-7 X-linked dominant inheritance in hypoplastic amelogenesis imperfecta.



X-LINKED RECESSIVE

A pedigree of a family with the X-linked recessive form of

enamel hypomaturation is shown in Figure 5-8. The genet-

ic criteria for diagnosing an XLR trait are summarized as
follows:

1. Because the gene cannot be passed from father to son,
affected fathers almost never have affected sons. A
son could be affected if the mother is a carrier of the
XLR trait.

2. All daughters of an affected male receive his X-linked
genes. Therefore, affected males transmit the trait
to their grandsons if they are affected through their
daughters.

3. The incidence of the trait is much higher in males
than in females. This is typified by the disease hemo-
philia, which is also caused by an XLR gene.

The clinical features of XLR hypomaturation-type Al
are most striking. The enamel has a somewhat reduced
hardness but is not soft. However, the crowns of the
teeth look like mountains with snow on them; hence the
name “snow-capped teeth.” Radiologically, the enam-
el is hypomature; it shows a lack of contrast between
enamel and dentin even though the enamel is of normal
thickness.

It should be noted that heterozygous females occa-
sionally show significant clinical expression of a single
XLR gene. The reason for this apparent contradiction is
the process of X inactivation, termed lyonization, after
geneticist Mary Lyon. This occurs only in females. All
normal female cells have two X chromosomes, but most
of the genes on one of the two X chromosomes are in-
activated at approximately the blastula stage of develop-
ment. This has the effect of making the total number of
active, X-linked genes about the same in both males and
females. If the female is heterozygous for an X-linked
trait, two populations of cells result. One cell popula-
tion has genes on one X chromosome that are active,
while the other cell population has genes on the other
X chromosome that are active. When by chance the X
chromosome with the deleterious gene is active in a sig-
nificant proportion of the cells, its expression may be

.__
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Figure 5-8 X-linked recessive inheritance in hypomaturation
amelogenesis imperfecta.
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observed in that female. Chance dictates that this imbal-

ance does not occur frequently, but because all females

are, by definition of lyonization, mosaic with regard to

X-linked traits, phenotypic expression of heterozygous

genes may occur in them.

The previous statements concerning the distribu-
tion of XLR genes in males and females apply equally
as well to XLD genes. The principal difference lies in
the fact that when the gene is dominant, more females
than males will show the trait (see pedigree in Fig. 5-8).
Because all XLR genes behave as dominant genes in
males, no new criteria are made for their inheritance in
males. The following criteria distinguish an XLD trait
in families:

1. Affected males must transmit the trait to all of their
daughters (as with XLR traits), and all of them are
affected because fathers give their X chromosome to
their daughters and their Y chromosome to their sons.

2. Affected males cannot transmit the trait to their sons
(just as with XLR traits).

3. Heterozygous females transmit the trait to, on aver-
age, 50% of their children of both genders, whereas
homozygous-affected females will have only affected
children. The latter situation is exceptionally rare for
a dominant trait and is practically never observed.
Thus all females affected with a dominantly inherited
X-linked trait are considered to be heterozygotes until
proven otherwise.

Two points are emphasized here. First, transmission
of XLD genes by females follows a pattern indistinguish-
able from that of autosomal transmission. Thus these two
types of dominant inheritance can be differentiated only
by observation of the offspring of affected males. Second,
it was noted that XLR disorders are much less common in
females than in males. The reverse is true for XLD traits.
An XLD trait should appear about twice as often in fe-
males as in males because females have twice as many X
chromosomes as males.

Amelogenesis Imperfecta and Nephrocalcinosis
Syndrome

Although amelogenesis imperfecta usually occurs as an
isolated trait and not as part of a syndrome, many syn-
dromes include amelogenesis imperfecta as part of their
pattern of anomalies.!> One that is rare, but of clinical im-
portance due to its potential medical significance, is am-
elogenesis imperfecta with nephrocalcinosis, also called
enamel-renal syndrome. This AR condition is caused by
mutations in the FAM20A gene. In addition to the hypo-
plastic enamel, other dental findings include pulp stones,
delayed or failed eruption of secondary dentition, and
gingival overgrowth. Since nephrocalcinosis is often as-
ymptomatic and can be associated with impaired renal
function, dentists who see children with generalized and
thin hypoplastic amelogenesis imperfecta should consider
referral to a nephrologist for a renal ultrasound scan. Like-
wise, children and adults with nephrocalcinosis should be
referred to a dentist.!® Follow-up may be indicated since
blood chemistry analyses are typically normal, and the
nephrocalcinosis may not appear on renal ultrasound un-
til later in life.!”
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VARIATION IN GENE EXPRESSION

The patterns of inheritance shown in traits determined
by genes at a single locus are usually easy to recognize.
However, many factors may modify the expression of a
gene in a family in such a way that a typical monogenic
pattern of inheritance is not discernible. Two concepts re-
lated to modification of gene action are discussed here:
penetrance and expressivity.

PENETRANCE

When a person with a given genotype fails to demon-
strate the phenotype characteristic for the genotype, the
gene is said to show reduced penetrance. This is a situ-
ation most commonly seen with dominant traits. Den-
tinogenesis imperfecta, an AD trait, is practically 100%
penetrant because all individuals who carry that gene
show its phenotype. Conversely, osteogenesis imperfecta
shows incomplete penetrance because pedigree studies
demonstrate individuals who must carry the gene but
who do not appear to be affected. Another relevant ex-
ample is found in the CLP trait. Consider the following
family history: a grandfather and his grandson both have
CLP but the boy’s mother (also the grandfather’s daugh-
ter) does not. The probability is very high that her son’s
cleft liability came from his grandfather and therefore was
passed through the mother without being expressed as an
overt cleft. Possibly the subtle action or predisposition of
a clefting gene or genes may be found in measurements
of facial structures, or variation in other structures such as
the orbicularis oris muscle may be identified. This could
increase the power of linkage analysis of the predispos-
ing genotype. With the spectacular advances in the un-
derstanding of the human genome, we may be able to
locate a gene that regulates clefting before its action at
the molecular level is known or shows this action as a
clinical trait.

EXPRESSIVITY

If a single gene trait can show different phenotypes in the
affected members of kindred, it shows variable expressiv-
ity. Osteogenesis imperfecta also provides an illustration
of variable gene expression. The cardinal signs of this dis-
ease are (1) multiple fractures, (2) blue sclera, (3) dentino-
genesis imperfecta, and (4) otosclerosis, which results in
a hearing deficit. Affected persons in a single family may
show any one or a combination of these signs, which il-
lustrates the considerable variation in gene expression.
The minimum expression of the gene observed in a fam-
ily might then be only a blue color to the sclera, which
could be unnoticed by the clinician. In this case, highly
variable gene expression may fade into nonpenetrance.
The craniosynostosis syndromes are AD traits as-
sociated with single gene mutations. They also provide
good examples of how, even with the strong influence
of a single gene, the phenotype can vary markedly. Al-
though it was once thought that a particular mutation in
a given gene would always result in a specific syndrome,
several identical mutations in the fibroblast growth factor
receptor 2 (FGFR2) gene have been found in patients di-
agnosed with the three different clinical craniosynostosis

syndrome entities of Crouzon, Pfeiffer, and Jackson-Weiss
syndrome. 1819

Another example of the individual variability of these
single-gene-mutation AD phenotypes occurred when two
individuals in the same family had the classic phenotypes
of Pfeiffer and Apert syndromes. In addition, seven other
family members had unusually shaped heads and facial
appearance reminiscent of Crouzon syndrome.?’ The
phenotype may be so variable that the individual may
appear to be clinically normal, yet have the same gene
mutation associated with Crouzon syndrome in three of
his children and two of his grandchildren. Only through
the analysis of radiographic measurements was a minimal
expression of features suggestive of Crouzon syndrome
evident.?!

EPIGENETICS

The influence of one or more modifying genes through
their protein products in reducing or enhancing the ef-
fect of another gene has been referred to as epigenetics, but
is now commonly referred to as epistasis. Epigenetics now
refers to changes in gene expression that are inherited but
not caused by alteration in the sequence of the gene. Ex-
amples of epigenetics include gene expression that is al-
tered by methylation or acetylation, and by inhibition of
messenger RNA expression by interfering RNA or micro-
RNA binding.?? Although monozygotic (identical) twins
are epigenetically indistinguishable during the early years
of life, older monozygous twins exhibit remarkable dif-
ferences in their overall content and genomic distribu-
tion of 5-methylcytosine DNA and histone acetylation,
which can create differences in gene expression between
the twin pairs.2? These epigenetic factors can help explain
the relationship between an individual’s genetic back-
ground, the environment, aging, and disease. It can do
so because the epigenetic state varies among tissues and
during a lifetime, whereas the DNA sequence remains es-
sentially the same. As cells adapt to a changing internal
and external environment, epigenetic mechanisms can
“remember” these changes in the normal programming
and reprogramming of gene activity.2* This is leading to a
new way of thinking about how the genome and environ-
ment interact, with a tremendous impact on the study of
developmental biology, cancer, and other diseases.

MULTIFACTORIAL INHERITANCE

The following features typify multifactorial inheritance
in contrast to monogenic inheritance: (1) multiple genes
(polygenes) at different loci are involved in expressing
the phenotype, and (2) the phenotype produced is a sum-
mation of the effects of polygenes interacting with their
environment. The phenotypic result is often a continu-
ously varying spectrum of that trait (e.g., height) rather
than presentation as a discrete (trait present or absent)
phenotype.

Many common diseases, such as dental caries, have con-
tinuous variation with no sharp distinction between nor-
mal (average) and abnormal (extremes). However, there
may be a specific measurement point beyond which that
disease is arbitrarily regarded by the clinician as abnormal.




Multifactorial inheritance is troublesome to analyze
genetically; in fact, geneticists often arrive at a diagnosis
of multifactorial inheritance for a given trait only after the
monogenic forms of inheritance have been considered
and found to be unlikely. Certain techniques for study-
ing it have been developed. The simplest is the method
of resemblance between relatives, which states that the
more closely related two individuals are, the more closely
they resemble each other concerning the specific trait in
question. It is important to stress, though, the continuous
phenotypic variation that is characteristic of inheritance
patterns resulting from polygenes.

This issue of continuous variation is emphasized be-
cause the most common diseases with which the dentist
must deal (i.e., periodontal disease, dental caries, and
malocclusion) are multifactorial traits. Only the extremes
of variation are readily apparent to the dentist, such as in
the child with rampant caries or the adult who is caries-
free. In this latter instance, if one did not understand the
concept of multifactorial inheritance, one might con-
clude that such individuals represent a discrete pheno-
type influenced by a single gene in a Mendelian manner.
This is frequently not the case.

A most important feature of traits produced by poly-
genes is that they are susceptible to environmental modi-
fication. A phenotype resulting from the concerted action
of 100 genes is much more likely to be altered and modi-
fied by the existing environment than a trait controlled
by only one or even several genes. Even so, this does not
mean that a trait resulting from only one or even several
genes cannot be influenced by environmental factors.
The change in phenotype depends on the individual’s
ability to respond to the environmental factor, which
may be heavily influenced by the same gene(s) originally
influencing the phenotype or by other genes.

An example of a polygenic trait that is markedly influ-
enced by environmental factors is dental caries, which is
the interaction product of three essential factors: a cario-
genic diet, a caries-producing bacterial flora, and a sus-
ceptible tooth. These three factors encompass a variety of
biologically complicated entities, such as saliva, plaque,
tooth matrix formation, and crystallization. It should be
easy to see that the development of these complex ele-
ments must involve a great many genes. Environmental
modification, such as properly timed systemic fluoride
supplementation, produces a considerable alteration in
the phenotype without changing the genetic constitution
of the individual. The reader can probably think of ad-
ditional environmental modifications that can produce a
greatly altered dental caries experience without changing
an individual’s genes. Some conditions that are attributed
to a multifactorial inheritance because they tend to occur
in particular families may be greatly influenced by a gene
or genes that predispose to the condition, depending on
the other genetic or environmental factors involved.

MULTIFACTORIAL (COMPLEX) INHERITANCE
IN HUMAN DISEASES

For many common disorders, such as diabetes and hyper-
tension, and even for the major common congenital mal-
formations (i.e., spina bifida, hydrocephalus, and CLP),
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there is a definite familial tendency. This is shown by the
fact that the proportion of affected near-relatives is great-
er than the incidence in the general population. Howev-
er, this proportion is much lower than that expected for
a monogenic trait, and the explanation most commonly
offered for major congenital malformations is that they
are multifactorial traits. As previously stated, one defini-
tion of a complex trait is that it represents the summation
of the effects of many genes (polygenes) interacting with
the environment, which is why it has also been termed
multifactorial. Environment is defined as those nonge-
netic circumstances that render an individual more or
less susceptible to a disease state. In contrast to so-called
simple monogenic traits, whose characteristics have been
summarized in preceding paragraphs, multifactorial com-
plex diseases show the following characteristics:

1. Each person has a liability for a given disease, and
that liability represents a sum of the genetic and
environmental liabilities.

2. The multifactorial-threshold model is a mathemati-
cal way of expressing these liabilities. For polygenic
traits, the model is simply a gaussian curve. As already
noted, for multifactorial traits, a threshold must be
added to allow the continuous polygenic model to
be used in describing noncontinuous or discrete
traits. For many human congenital malformations, a
multifactorial model with threshold is appropriate for
describing discrete traits such as CLP. Such a thresh-
old means that all persons with sufficient gene dosage
and environmental interaction will be above the
threshold of expression and show the cleft lip. Those
with less will not show a cleft lip. A graphic represen-
tation of this idea is shown in Figure 5-9.

3. Because of the different dosages of polygenes in
groups that show a specific phenotype (e.g., CLP),
the overall incidence of this trait will vary in near-
relatives of those affected. For example, a dominantly
inherited trait has a gene dosage of 1 in 2 (50%).
Assuming that several polygenes may be involved in
CLP, this figure decreases at least tenfold to about 1%
to 5%. The incidence in a random population is even
lower—about 1 per 1000. Therefore, increasing gene
dosage for a multifactorial complex trait in a family is
associated with an increased incidence of that trait in
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Figure 5-9 Multifactorial model for inheritance of cleft lip
and palate.
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near-relatives of the affected individuals. The nature

of this system with a threshold permits large numbers

of persons at risk for showing that phenotype (CLP)

to carry the liability for clefting without expressing it

clinically. Based on current research findings regard-

ing traits that are multifactorial with a threshold, it
appears that it will be difficult to relate these math-
ematical observations to cellular biological function.

Toward the end of the nineteenth century, Galton
recognized that twins could be useful for evaluating the
nature-nurture argument that was raging at that time. In-
terest in the twin method for study of the relative impor-
tance of heredity and environment in humans has been
increasing. One explanation for this interest is that many
human traits are complex and susceptible to environ-
mental modification, and are therefore difficult to study
by conventional methods. The twin method allows such
traits to be studied based on the principle that human
twins are of two basic types: monozygotic (or identical)
twins, resulting from a single ovum fertilized by a single
sperm, and dizygotic (or fraternal) twins, resulting from
fertilization of two ova by two sperms. It is axiomatic that
monozygotic twins have identical genotypes, whereas di-
zygotic twins are no more closely related to each other
than are any two siblings. It also follows that differences
between monozygotic twins result from environmental
differences (although, as previously mentioned, epigenetics
could be a factor), whereas those between dizygotic
twins result from differences in both heredity and
environment.

To use the twin method, one must distinguish between
the two types of zygosity. If both twins are identical for
the trait in question (regardless of their zygosity), they
are described as concordant. If they are unlike for the trait,
they are discordant. Such intrapair differences are usually
expressed in percentage figures for a group of twins being
evaluated. For example, monozygous twins show a 33%
concordance for CLP, whereas dizygous twins show only
a 5% concordance.

Another method to estimate the heritability of a trait
and to evaluate evidence of linkage of a phenotype with
DNA polymorphisms is by sib-pair analysis. Heritability
estimates can be generated from within- and between-
sibship variance quantified by generalized linear models,
with confounding factors controlled for where indicated.
Polymorphic DNA markers may be tested for genetic link-
age (proximity) to a gene influencing a particular pheno-
type by testing whether the magnitude of the phenotypic
difference between two siblings is correlated with the al-
leles they share that are identical by descent (IBD). An
allele is considered to be IBD if both members of a sibling
pair inherited the same marker allele from the same par-
ent. If a marker is linked to a gene contributing to the
phenotype in question, then siblings with a similar (if
quantitative) or the same (if discrete) phenotype would be
expected to share more alleles IBD, whereas siblings with
widely differing phenotypes would be expected to share
few if any alleles IBD near any gene(s) influencing the
phenotype.?> In addition, another method of looking for
DNA markers is by linkage disequilibrium or association
analysis. In its simplest terms, this refers to a nonrandom

association of alleles at two or more loci. It was found
that some sections of DNA do not tend to change through
generations, in what are called haplotype blocks. Because
of this, testing one SNP within each block for significant
association with a disease or trait is possible when an in-
fluencing locus for that disease or trait is located in or at
least close to that haplotype block.2 Partly because these
haplotype blocks occur in populations, these analyses can
be performed on unrelated individuals (affected and con-
trols), as opposed to linkage analyses.

However, if the control individuals are from a different
genetic background than the affected individuals, there
may be a bias. One way to deal with that problem is to use
the quantitative transmission disequilibrium test. This
analysis calculates the difference between the value of the
quantitative trait in the offspring and the average value of
the quantitative trait in all offspring in all families stud-
ied, while simultaneously considering the allele transmis-
sion from parent to offspring.?’ Thus, whereas the sib-pair
linkage analysis involves two or more siblings, the quan-
titative transmission disequilibrium test involves trios of
parents and one or more siblings.

INFLUENCE OF GENETIC FACTORS ON

MAJOR CRANIOFACIAL, ORAL, AND
DENTAL CONDITIONS

GENETICS AND DENTAL CARIES

It is clear from many dietary studies that variation in
susceptibility to dental caries exists even under identi-
cal, controlled conditions. This implies that, because of
genetic differences, certain environmental factors are po-
tentially more cariogenic for some people than for others.
This is not to say that dental caries is an inherited disease;
rather, genetic influences may modify the overt expres-
sion of this disease in the individual.

Fifty years ago, dental caries was presented to dental
students as a disease that was so common that more than
99% of the general population was afflicted with it. Al-
though it is still recognized as a common disease, the use
of systemic and topical fluorides and persistence by orga-
nized dentistry to bring about changes in dietary habits
and oral hygiene practices have contributed significantly
to a remarkable decrease in the prevalence of this disor-
der, especially noted in children. Currently, it is not un-
usual for a prepubertal child to be caries-free. However,
there are individual variations in caries that are not fully
explained by hygiene or fluoride exposure.

Three essential interacting elements comprise the mod-
el system for dental caries that is most commonly used
to discuss its etiology: microorganisms, substrate (fer-
mentable carbohydrates), and host factors such as tooth
anatomy. It is in the last area—host factors—that genetics
exerts a major influence on dental caries initiation.

Several investigators have studied the genetic aspects
of dental caries in humans, using both twin and fam-
ily pedigree approaches. Because dental caries is an age-
dependent process, much of the reported data cannot
be compared because of age differences in the various



population groups studied. Nevertheless, the family ob-
servations by Klein and Palmer?® and Klein?’ are worth
noting. Their findings indicated that children have a car-
ies experience remarkably similar to that of their parents
when the susceptibility of both parents is the same (ei-
ther high or low). However, when caries susceptibility of
the two parents is dissimilar, the children’s susceptibility
tends to be more like that of the mother than that of the
father. This finding was particularly evident in daughters.

Because dental caries is an infectious communicable
disease, however, familial clustering may, to some degree,
reflect familial environmental contact, with transmission
of cariogenic bacteria to children at certain ages. Li and
Caufield found that mothers are the principal source of
mutans streptococci in their infants, with a greater rate of
transmission to female than male infants.3? In addition,
the association of maternal salivary bacterial challenge
(mutans streptococci and lactobacilli) from pregnancy
through 24 months postpartum is associated with not
only oral infection among children but also their caries
incidence (=1 cavitated or restored teeth) at 36 months.3!
The more common a genetic trait is, the more difficult
it is to demonstrate its genetic character. Several authors
have attempted to do this for dental caries by the study
of twins. Book and Grahnen attempted to maximize dif-
ferences in caries experience within families by selecting
caries-free 20-year-old men and comparing caries experi-
ence within their families.3? Results showed that parents
and siblings of caries-free propositi had significantly low-
er rates of decayed, missing, and filled teeth than did the
control families. The authors concluded that the observed
differences are hereditary and probably polygenic.

Studies of twins conducted by Dahlberg and Dahl-
berg,33 Mansbridge,** Horowitz and colleagues,*> Caldwell
and Finn,?® and Bretz and colleagues®” indicated that ge-
netic factors make a significant contribution to individual
differences in caries susceptibility. However, most authors
agree that this genetic component of dental caries is over-
shadowed by the overall effect of environmental factors
in most individuals. Although it appears that genetic fac-
tors significantly contribute to the colonization of specific
oral bacteria,® or to the levels of Streptococcus mutans spe-
cifically,?® the conclusion from clinical twin and famil-
ial correlation studies and estimations from heritability
studies regarding the degree of genetic influence on caries
may be confounded by familial factors such as oral hy-
giene habits, diet, and the already-mentioned transmis-
sion of cariogenic bacteria within the family.

The foundation for seeking different individual suscep-
tibilities to caries is based on animal studies. Hunt and
colleagues succeeded in establishing caries-resistant and
caries-susceptible strains of rats using inbreeding tech-
niques.*® Although the resistant strain was challenged
by oral inoculation of cariogenic bacteria, the resistant
phenotype was maintained. These were the first studies to
confirm the presence of important genetic elements influ-
encing dental caries susceptibility.

A review of inherited risks for susceptibility to caries
found evidence of an association between altered dental
enamel development in defined populations and an in-
creased risk of caries, as well as a relationship between host
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immune complex genes and different levels of cariogenic
bacteria and enamel defects.*° This is further supported by
the finding of a significant interaction between tuftelin
SNP genotypes and S. mutans levels,*! and by variation in
the amelogenin gene and caries susceptibility.*> Thus the
individual’s genotype may influence the likelihood of in-
traoral colonization of cariogenic bacteria, which further
exemplifies the complexity of caries development. Genet-
ics studies on well-characterized populations with clearly
defined caries experience will help define those host factors
with the greatest influence on the incidence of caries.??

For example, GWAS for dental caries focused on the
primary dentition in children aged 3 to 12 years old
and implicated several novel genes: ACTN2, EDARADD,
EPHA7, LPO, MPPED2, MTR, and ZMPSTE24. Subse-
quent investigation has corroborated the influence of
the MPPED2 and ACTNZ2 genes on caries risk. The role of
ACTNZ2 in organizing ameloblasts during amelogenesis
supports the hypothesis of its involvement in caries risk,
although the functional role of MPPED2 in caries is cur-
rently unknown.*? The enamelin gene (ENAM) has also
been implicated as a factor in caries susceptibility.** An
indication that different genes may influence caries ac-
tivities across the surfaces of the permanent dentition
was found by a GWAS suggesting BCOR and INHBA to
be factors in pit-and-fissure caries, while BCORL1, CXCR1,
and CXCR?2 are factors in smooth-surface caries.*>#¢ Fur-
ther studies to define the genes involved, which may be
related, for example, to salivary flow, plaque formation,
and diet preferences, are in progress. Bretz and colleagues
found that genetic factors contributed independently to
both dental caries and sucrose sweetness preference,*” al-
though it is likely that an increased preference for sweets
would affect the caries rate.

In summary, susceptibility to human dental caries is
influenced to a significant but variable degree by genetic
factors in most individuals. This genetic influence con-
trol is undoubtedly complex and strongly implies con-
siderable environmental influence. However, there are
likely individuals in whom the genetic susceptibility is
markedly greater than that in most of the population.
Specific types of dental caries susceptibility representing
the extreme variations of this trait may ultimately prove
to be monogenic or major gene traits, but at present
the evidence is insufficient for a clear statement of such
inheritance.

GENETICS AND PERIODONTAL DISEASE

The periodontal disease state is often described as a local
inflammatory disease with possible underlying systemic
factors. This disease is so widespread in human popula-
tions and has such widely varying clinicohistopathologic
features that it seems certain that multiple diseases with
multiple causes are being lumped together as a single en-
tity. Periodontists suggest that there is evidence for the
existence of several variant types of periodontal disease,
generally subclassified by the age of onset, severity of
bone loss, oral hygiene status, and the presence or ab-
sence of local factors. One might visualize a continuum
of disease expression ranging from localized gingivitis to
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generalized periodontitis with severe bone and tooth loss.
Such a complex disease shows both inflammatory and de-
generative pathologic features.

It is easy to understand why genetics studies of this
common problem have been neglected. As is true for den-
tal caries, periodontal disease is common; occurs with a
continuum of expressivity; and is greatly influenced by
environmental conditions, such as diet, occlusion, and
oral hygiene habits. All of these features fit the descrip-
tion of a complex type of disease or at least of disease
susceptibility.

Most genetics studies of a trait make use of families with
multiple affected individuals or twins. A carefully designed
study of twins with periodontal disease was reported by
Ciancio and colleagues in 1969.#° Using the Ramfjord
index, which evaluates gingival inflammation, calculus
formation, tooth mobility, and tooth loss in all four quad-
rants of the mouth, the authors examined seven mono-
zygotic and 12 dizygotic pairs of teenaged twins. They
concluded that there was no evidence in these twins for
significant heritability of any of these dental parameters.

Alternatively, Michalowicz and colleagues published a
large study (63 monozygotic and 33 dizygotic pairs) of
adult twins (mean age, 40 years).5 Using elements of the
Ramfjord index as criteria for diagnosis, they calculated
heritability estimates. The authors state that from 38% to
82% of the periodontal disease identified in these twins
was attributable to genetic factors.

Investigation by Kornman and colleagues into the
association of different polymorphisms of inflammation-
mediating genes and periodontal disease in adult non-
smokers indicated that interleukin la and 1p (IL-1a and
IL-1p) genotypes may be a risk factor.>! The IL-1f poly-
morphism was IL-1p + 3953 and the IL-1o polymorphism
was IL-1a -889. Nonsmokers aged 40 to 60 carrying the
“2" allele (in either the homozygous or the heterozygous
state) at both loci were observed to have nearly 19 times
the risk of developing severe periodontitis as did those
homozygous for the “1” allele at either or both of these
loci. However, this association has been seen in other,>3
but not all, populations.>?5> Greenstein and Hart noted
that the relationship of specific IL-1 genotypes and the
level of crevicular fluid IL-1p is not clear, and that the
ability of the genetic susceptibility test for severe chronic
periodontitis, based on the findings of Kornman and col-
leagues, to forecast which patients will develop increased
bleeding on probing, periodontitis, loss of teeth, or need
for dental implants is ambiguous.> This illustrates the
complexity of genetic association studies, and genetic
counseling is based on a marker that accounts for only a
portion of phenotypic variations.

A genome-wide scan for chronic periodontitis found
suggestive evidence of association for six genes, includ-
ing NIN, NPY, and WNT5A for severe chronic periodon-
titis, and NCR2, EMR1, and chromosome location 10p15
for moderate chronic periodontitis. Inclusion of smoking
data along with the genetic analysis increased the herita-
ble variance in severe chronic periodontitis from 18% to
52%, confirming smoking as an environmental causative
factor that may act in addition to inherited susceptibility
genes.>’

Early-onset periodontitis has been the subject of most
family studies. Because several forms of early-onset peri-
odontitis (e.g., localized prepubertal periodontitis, local-
ized juvenile periodontitis [JP], and generalized JP) can be
found in the same family, the expression of the underly-
ing genetic etiology appears to have the potential to be
influenced by other genetic factors.>®

Progress has been made in the study of rare genetic con-
ditions or syndromes that can predispose to periodontal
disease or have periodontal disease as a relatively consis-
tent component of their pleiotropic effect. For example,
leukocyte adhesion deficiency (LAD), type I and type II,
are AR disorders of the leukocyte adhesion cascade.>® LAD
type I has abnormalities in the integrin receptors of leu-
kocytes resulting from mutations in the p2 integrin chain
(ITGP2) gene, leading to impaired adhesion and chemo-
taxis, which result in increased susceptibility for severe
infections and early-onset (prepubertal) periodontitis.®0.6!
LAD type II is also an AR disorder secondary to mutation
in the SLC35C1 gene encoding a GDP-fucose transmem-
brane transporter (FucT1) located in the Golgi apparatus.
The infectious episodes and the severity are much milder
than those observed in LAD type I, and the only persistent
clinical symptom is chronic severe periodontitis. The exact
defect in the system is absence of the sialyl Lewis x (SleX)
structure antigens, which are important ligands for selectin
on the leukocyte, which leads to a profound defect in leu-
kocyte rolling, the first step in the adhesion cascade. This
causes a marked decrease in chemotaxis, accompanied by
pronounced neutrophilia. Apart from the leukocyte defect,
these patients suffer from severe growth and mental retar-
dation and exhibit the rare Bombay blood group type.>’

Ehlers-Danlos syndrome (EDS) is a collection of 10
types distinguished on the basis of clinical symptoms
and inheritance patterns. In addition to consistent early-
onset periodontal disease, patients with EDS type VIII
have variable hyperextensibility of the skin, ecchymotic
pretibial lesions, minimal bruising, minimal to moderate
joint hypermobility of the digits, and “cigarette paper”
scars. Inheritance is AD. Early-onset periodontal disease
may also be found in patients with EDS type IV. These
individuals are usually characterized by type III collagen
abnormalities with hyperextensibility of the skin, ecchy-
motic pretibial lesions, easy bruisability, cigarette paper
scars, joint hypermobility of digits, pes planus, and, of
greatest concern, arterial and intestinal ruptures. Indi-
viduals with type IV, like those with type VIII, also have
AD inheritance.®? The presence or absence of type III col-
lagen abnormalities has been taken to be a differentiating
factor between the two types, with EDS type IV showing
abnormal type III collagen. The considerable overlap in
phenotype of these two types warrants careful family and
clinical evaluation, and biochemical studies of collagen
when a patient with features of EDS and periodontal dis-
ease is evaluated.®3

Chédiak-Higashi syndrome has frequently been linked
with severe periodontitis. This rare AR disorder is charac-
terized by oculocutaneous hypopigmentation, severe im-
munologic deficiency with neutropenia and lack of natural
killer cells, a bleeding tendency, and neurologic abnormal-
ities. It is caused by mutations in the CHS1/LYST gene.%*



Papillon-Lefévre syndrome and Haim-Munk syndrome
are two of the many different types of palmoplantar ker-
atoderma, differing from the others by the occurrence
of severe early-onset periodontitis with premature loss
of the primary and permanent dentition. In addition,
Haim-Munk syndrome is characterized by arachnodac-
tyly, acroosteolysis, and onychogryphosis.®> Hart and col-
leagues®® have shown that both of these AR syndromes
are due to different mutations in the cathepsin C (CTSC)
gene. A possible role for a mutation in this gene has also
been reported in patients with generalized nonsyndromic
aggressive periodontitis.®”

AGGRESSIVE (EARLY-ONSET) PERIODONTITIS

Early-onset periodontitis may occur in the primary denti-
tion (prepubertal periodontitis), may develop during pu-
berty (JP), or may be characterized by exceedingly rapid
loss of alveolar bone (rapidly progressive periodontitis).
Along with hypophosphatasia, prepubertal periodontitis
appears to be the most commonly encountered cause of
premature exfoliation of the primary teeth, especially in
girls (Fig. 5-10).62

JP has the following features:

1. An early onset of the breakdown of periodontal bone.
This bone loss is of two types: chronic periodontitis
in a generalized form affecting any dental area and a
localized form in which the molar or incisor regions
of bone are the most severely affected.

2. Bone destruction that is rapid and vertical, with spe-
cific microorganisms associated with the periodontal
lesion.

3. Familial aggregation, especially in the molar and
incisor types. It seems probable that the generalized
and localized types represent two different aspects of
the same disorder; this discussion considers them as a
complex entity called familial JP.

Evaluation of the same IL-1a and IL-1p polymorphisms
found by Kornman and colleagues®! to be associated with
periodontitis in adult nonsmokers was performed by
Diehl and colleagues in black and white families with two
or more members affected with early-onset periodonti-
tis.®® Interestingly, they found the IL-1 alleles associated
with high risk of early-onset periodontitis to be the ones
suggested previously to be correlated with low risk for se-
vere adult periodontitis. They concluded that early-onset
periodontitis is a complex, oligogenic disorder (i.e., in-
volving a small number of genes), with IL-1 genetic varia-
tion having an important but not exclusive influence on
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Figure 5-10 Pedigree of family with juvenile periodontitis, a
dominant trait.
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disease risk. Aggressive periodontitis-1 is caused by muta-
tion in the CTSC gene, which is also involved in Papillon-
Lefevre syndrome and Haim-Munk syndrome, while
aggressive periodontitis-2 has been mapped to a different
chromosomal location (1q25).%9-71

GENETICS OF MALOCCLUSION

The study of occlusion pertains to relationships between
teeth in the same dental arch, as well as between the two
dental arches when the teeth come together. Many factors
are involved in the definition of normal occlusion. Some
of the most important orofacial parameters of occlusion
are airway function, soft tissue anatomy and function,
size of the maxilla, size of the mandible (both rami and
body), arch form, anatomy of teeth (including malforma-
tion), agenesis of teeth, and rotation of teeth. All of these
important elements must be included in the concept of
occlusion.

Malocclusion is perhaps somewhat easier to define.
One may simply say that malocclusion is a significant
deviation from normal occlusion. However, this descrip-
tion is useful only if one considers the multiple aspects
implicit in such a definition. Normal occlusion and mal-
occlusion are dynamic concepts that involve the inter-
relationships of many factors, not a few of which have
been shown to be influenced by genetic factors. Genetic
influences on each occlusal trait are rarely due to only a
single gene, which would be necessary for malocclusion
to be due to the simple inheritance of discrete skeletal
and dental characteristics. Instead, malocclusions are of-
ten polygenic with the potential for environmental influ-
ence and are therefore complex traits. Even though we
will focus on genetic factors, it should always be remem-
bered that malocclusion can be greatly or even predomi-
nantly influenced by environmental factors, particularly
for occlusal variables. It has been suggested that the rapid
increase in malocclusion in indigenous Australian people
was produced by dietary factors concurrent with indus-
trialization, emphasizing the importance of environmen-
tal influences on occlusal variation and the variability of
apparent genetic determinants with respect to the envi-
ronment or population in which they are measured.”?74
Likewise Kawala et al., after studying the concordance of
malocclusion in twins, showed that the distribution
of within-pair malocclusions depended upon the gender
of the individuals, and supported the impact of environ-
mental factors.”>

Theoretically, there are two general ways in which pre-
disposing or causative factors for malocclusion could be
due to heritable characteristics. One would be inheritance
of a disproportion between the size of the teeth and the
jaws, resulting in crowding or spacing issues. Posterior and/
or anterior Bolton discrepancies are defined as a dispropor-
tion among the sizes of individual teeth between the two
arches. To achieve good occlusion with the ideal overbite
and overjet, the maxillary and mandibular teeth must be
proportional in their mesial-distal dimensions. If some
teeth are not proportional, then there could be crowd-
ing, spacing issues, and/or an effect on overbite and or
overjet, even if the arches are in a favorable relationship.
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Certainly hypodontia, as well as the often-associated
smaller size of teeth that are often agenic, or other teeth,
can contribute to malocclusion. This is particularly evi-
dent in patients with hypodontia or even oligodontia,
which may occur spontaneously or be part of a syndrome
such as hypohidrotic ectodermal dysplasia (HED), which
can be caused by mutations in the EDA gene. Other muta-
tions in the same gene may cause nonsyndromic dental
agenesis, and, in a Hong Kong Chinese Class I malocclu-
sion sample, variations in the EDA gene and the gene for
its receptor, XEDAR, have been associated with dental
crowding greater than 5 mm.’¢ Several other genes in ad-
dition to EDA and XEDAR, associated with syndromic or
nonsyndromic hypodontia/oligodontia, including MSX1,
PAX9, AXIN2, WNTI104A, and LTBP3 (see Chapter 3),
could also contribute to variations in tooth size in general
or for specific teeth.

The other general way in which predisposing or caus-
ative factors for malocclusion could be due to heritable
characteristics would be inheritance of a disproportion in
the position, size, or shape of the mandible and maxilla.
Note that the influence on bony morphology could be
secondary to heritable effects, including those on cartilage,
collagen, muscle fibers, other connective tissue compo-
nents, and growth factors. For example, in a study con-
ducted by Yamaguchi and colleagues on the association
of the Pro561Thr (P56IT) variant in the growth hormone
receptor (GHR) gene with craniofacial measurements on
lateral cephalometric radiographs, it was found that indi-
viduals without the GHR P56IT allele had a significantly
greater mandibular ramus length (condylion-gonion)
than did those with the GHR P56IT allele in a normal
Japanese sample of 50 men and 50 women.”” The average
mandibular ramus height in those with the GHR P56IT
allele was 4.65 mm shorter than that in those without the
GHR P56IT allele. This significant correlation between the
GHR PS56IT allele and shorter mandibular ramus height
was confirmed in an additional 80 women.

Class III malocclusion morphology is heterogeneous,
with various degrees of incidence among different ethnic
groups, and various facial patterns may, as a composite, re-
sult in the condition.”®7? There is a strong heritable com-
ponent in Class III malocclusion in general, with modes
of inheritance being reported to be polygenic,®® AD in
a Libyan sample,®! and AD with incomplete penetrance
with a multifactorial component in a Brazilian sample.®?
The variations in ethnic incidence, as well as variations
in morphology that we lump together into the category
of Class III malocclusion, may also reflect variations in
genes involved in “different” Class III malocclusions. This
concept of genetic heterogeneity influencing the range of
subphenotypes or subtypes in what we call a Class III mal-
occlusion is supported by genetic linkage and association
studies finding several different genes or genetic markers
to be significant for Class III malocclusion among differ-
ent ethnic groups, with some genes or genetic markers
appearing to be different among the ethnic groups, and
other Class III malocclusion genes or markers possibly
being in common among the groups. Until recently, the
vast majority of Class III malocclusion genetics studies
had been completed in Asian populations and implicated

multiple chromosomal regions including 1p35, 1p36,
4pl6.1, 6925, 12q13, 14q24.3, and 19p13.2.83-89 A study
of Class III malocclusion in Colombia yielded significant
genetic linkage to 1p22.1, 3gq26.2, 11922, 12q13.13, and
12q23 in patients primarily with maxillary hypoplasia.®”
Another study of Class III malocclusion in Colombian
and Brazilian families, primarily with mandibular prog-
nathism in the presence or absence of maxillary hypopla-
sia, found linkage to the chromosome.’! Another genetic
association study of a sample of Class III malocclusion
patients from the United States, consisting mostly of Cau-
casian individuals, was race-, age-, and gender-matched
with Class I/orthognathic control individuals, with genet-
ic markers used for a set of candidate genes. There was a
significant (p = 0.02) association of the Class III malocclu-
sion with the marker rs10850110 located upstream of the
myosin 1H gene (MYO1H) on chromosome 12q24.11.9%
The influence of muscle on skeletal morphology is fur-
ther supported by research in myosin gene expression,
muscle fiber type differences, and skeletal malocclusions.
Gene expression evaluation in masseter muscle from in-
dividuals undergoing orthognathic surgery for skeleton-
based malocclusions found a trend for increased MYOIH
and MYO1C expression in Class IIl malocclusion compared
with Class II malocclusion. There were significant correla-
tions (p < 0.05) between MYO1C expression and fiber-type
percent occupancy in masseter muscle from individuals
with normal and deep-bite malocclusions. Significant cor-
relations were also identified between MYO1C and MHC
(myosin heavy chain) gene expression. The mechanism
of how the MYOIH and MYOIC genes and their protein
products influence the Class III phenotype, however, re-
mains unknown. It has been postulated that altered glu-
cose transport during condylar cartilage growth may be
one of the cellular mechanisms that promotes mandib-
ular prognathism, as well as development of open and
deep-bite skeletal malocclusions through masseter muscle
fiber-type differences.”3 Analysis of the DNA sequences
from an Estonian family recently uncovered a rare het-
erozygous missense mutation associated with Class III
skeletal malocclusion in the dual-specificity phosphatase
6 (DUSP6) gene (c.545C>T; p.Ser182Phe; rs139318648).
Affected individuals in this family were largely character-
ized as having a straight profile with maxillary deficien-
cy. This rare variant co-segregated with the disease and
followed an AD pattern of inheritance with incomplete
penetrance. The DUSP6 gene encodes a cytoplasmic dual-
specificity phosphatase that acts as a negative regulator
of the MAP kinases, ERK1/2. This protein is involved in
some fundamental signaling processes that occur at the
early stages of skeletal development, and can be tran-
scriptionally upregulated via the fibroblast growth factor
(FGF)/FGF receptor signaling pathway.’* (For further de-
tails on the genetics of Class III malocclusion, see “Family
History and Genetics of Mandibular Prognathism.”?%)
The studies previously mentioned dealt with differ-
ences in jaw morphology. What about differences in
growth velocity during puberty? Certainly, increased ac-
curacy in the estimation of pubertal facial growth would
be of great benefit prior to the utilization of different ther-
apeutic modalities including orthodontics, orthopedic



growth modification, and surgery. The pubertal growth
spurt response is mediated by the combination of sex ste-
roids; growth hormone; insulin-like growth factor (IGF-
I); and other endocrine, paracrine, and autocrine factors.
Testosterone and estradiol in mice have a direct, gender-
specific stimulatory activity on male- and female-derived
chondroprogenitor cell proliferation. Testosterone stimu-
lated growth and local production of IGF-I and IGF-I-R
in chondrocyte cell layers of an isolated organ culture of
the mouse mandibular condyle.”® Administration of low
doses of testosterone in boys with delayed puberty accel-
erates not only their statural growth rate but also their
craniofacial growth rate.?” Estrogens are a group of hor-
mones involved in growth and development.”8
Aromatase (also known as estrogen synthetase, encoded
by the CYP19A1 gene) is a key cytochrome P450 enzyme
involved in estrogen biosynthesis.”® This steroidogenic
enzyme catalyzes the final step of estrogen biosynthesis
by converting testosterone and androstenedione to estra-
diol and estrone, respectively.!?0 Regulation of this gene’s
transcription is critical for the testosterone/estrogen (T/E)
ratio in the body since aromatase plays an important role
in the conversion of androgens to estrogens. Some stud-
ies have shown that the T/E ratio is critical in the deve-
lopment of gender-indexed facial characteristics such as
the growth of cheekbones, the mandible, and chin; the
prominence of eyebrow ridges; and the lengthening of
the lower face.'91,192 The difference in the average sagit-
tal jaw growth between two groups of Caucasian males
with different CYP19A1 alleles with the greatest differ-
ences in growth per year was just over 1.5 mm per year
during treatment for the maxilla, and 2.5 mm per year for
the mandible. There was no statistically significant dif-
ference for the particular CYP19A1 alleles in females. It is
particularly interesting that at the beginning of treatment
there was no statistically significant difference among the
males based on the CYP19A1 genotype. The difference ex-
pressed itself only over the time of treatment during the
cervical vertebral stage associated with increased growth
velocity.103104 Interestingly, the same result was found
in a group of Chinese males and females, strongly sug-
gesting that this variation in the CYP19A1 gene may be a
multiethnic marker for sagittal facial growth.!95 Although
the difference in average annual sagittal mandibular and
maxillary growth based on this CYPI9A1 genotype were
significant, as one factor in a complex trait (sagittal jaw
growth), it accounts for only part of the variation seen,
and therefore, by itself, has little predictive power.106
King and colleagues noted that many studies that esti-
mate the heritability of craniofacial structures may have
a bias, because they have generally involved individuals
who had not undergone orthodontic treatment, and that
those judged to have an extreme malocclusion were often
excluded. They found that, in contrast to the relatively
high heritability of cephalometric variables and low heri-
tability of occlusal variables in individuals with naturally
occurring good occlusion, the heritability estimates for
craniofacial skeletal variables in those with overt maloc-
clusions were significantly lower and the heritability es-
timates for occlusal variations were significantly higher.
This observation supports the idea that everyone does not
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react to specific environmental factors in the same man-
ner, although those who are related are more likely to re-
act similarly. To quote King and colleagues!%8:

We propose that the substantive measures of in-
tersib similarity for occlusal traits reflect similar re-
sponses to environmental factors common to both
siblings. That is, given genetically influenced facial
types and growth patterns, siblings are likely to re-
spond to environmental factors (e.g., reduced mas-
ticatory stress, chronic mouth breathing) in similar
fashions. Malocclusions appear to be acquired, but
the fundamental genetic control of craniofacial
form often diverts siblings into comparable physi-
ologic responses leading to development of similar
malocclusions.

Although we have some information about genetic
influence on specific traits (e.g., missing teeth, occlusal
patterns, tooth morphology, and even mandibular prog-
nathism), these cases are exceptions; we do not have suf-
ficient information to make accurate predictions about
the development of occlusion simply by studying the
frequency of its occurrence in parents or even siblings.
Admittedly, family patterns of resemblance are frequently
obvious, but predictions must be made cautiously because
of the genetic and environmental variables and their in-
teraction, which are unknown and difficult to evaluate.

Currently the results of studies on the genetic and en-
vironmental factors that influence the development of
malocclusion are representative of the samples studied,
not necessarily of any particular individual. In addition,
the extent to which a particular trait is influenced by ge-
netic factors may have little, if any, effect on the success
of environmental (treatment) intervention. Even so, it
may be that genetic factors that influenced a trait will also
influence the response to intervention to alter that trait,
or other genetic factors may be involved in the response.
Therefore, the possibility of altering the environment to
gain a more favorable occlusion theoretically exists, even
in individuals in whom the malocclusion has a relatively
high genetic influence. However, the question of how en-
vironmental and genetic factors interact is most relevant
to clinical practice because it may explain why a particu-
lar alteration of the environment (treatment) may be suc-
cessful in one compliant patient and not in another.'”

Multiple factors and processes contribute to individual
responses to treatment. Some patients exhibit unusual
untreated growth patterns, treatment outcomes, or reac-
tions to medications linked to polymorphic genes. Analysis
of overall treatment response requires a systems analysis
based on informatics for integration of all relevant in-
formation. The influence of genetic factors on treatment
outcome must be studied and understood in quantitative
terms for it to be applied effectively for each patient. Con-
clusions from retrospective studies must be evaluated by
prospective testing for a true evaluation of their value in
practice. Genetics studies are necessary to further the evi-
dence base for practice. Only then will we begin to truly
understand how nature (genetic factors) and nurture (en-
vironmental factors, including treatment) together affect
treatment of our patients.
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EXTERNAL APICAL ROOT RESORPTION

Basic descriptors of root resorption are based on the ana-
tomic region of occurrence; that is, designations are inter-
nal root resorption and external root resorption (cervical root
resorption and external apical root resorption [EARR]).
EARR is a frequent iatrogenic outcome associated with
orthodontic treatment and may also occur in the absence
of orthodontic treatment.'!%111 Although orthodontic
treatment is associated with some maxillary central inci-
sor EARR in most patients, and more than one third of
those treated experience greater than 3 mm of loss, severe
EARR (>5 mm) occurs in 2% to 5% of cases.!12/113

Currently, there are no reliable markers to predict ei-
ther who will develop EARR or its severity following or-
thodontic tooth movement, although the shape of the
root does appear to be associated with the likelihood of
EARR and is best examined on periapical rather than pan-
oramic radiographs. Even when duration of treatment is
a factor, along with several significant dentofacial struc-
tural measurements (e.g., overjet), it does not account for
enough of the observed variability to be useful as a predic-
tor of EARR.!13

Although orthodontic tooth movement, or biomechan-
ics, has been found to account for approximately one
tenth to one third of the total variation in EARR, Owman-
Moll and colleagues showed that individual variation
overshadowed the force magnitude and the force type in
defining the susceptibility to histologic root resorption as-
sociated with orthodontic force.''* Individual variations
were considerable regarding both extension and depth of
histologic root resorption within individuals, and these
were not correlated to the magnitude of tooth movement
achieved.!1s

The degree and severity of EARR associated with or-
thodontic treatment are multifactorial, involving host and
environmental factors,!'® with genetic factors accounting
for at least 50% of the variation overall and approximately
two thirds of the variation seen in maxillary central inci-
sor EARR.117.118 Tn addition, studies in a panel of different
inbred mice also supported a genetic component involving
multiple genes in histologic root resorption.!19,120

The potential for IL-1p to have an effect on root re-
sorption was supported by the increase in orthodontically
induced histologic root resorption in the absence of the
IL-1B cytokine in a knockout mouse model'?%123 and a
P2rx7 knockout mouse model, 124125 because a lack of the
P2rx7 receptor results in a lack of IL-1p. In both of these
models, there was no difference at baseline between the
histologic root resorption in wild-type (“normal”) and
knockout mice, whereas the application of force resulted
in a significant increase in histologic root resorption in
the wild-type mice. In addition, there was a significant (p
<0.02) increase in histologic root resorption in both types
of knockout mice compared to the respective wild-type
mice when the same force was applied in all the mice.
Thus, there was a significant interaction between the ge-
notype and environment (orthodontic force) in histolog-
ic root resorption.

There have been at least seven clinical studies of
whether the +3953/4 (G/A) SNP 151143634 DNA marker

variation in the IL-1B gene is associated with variation
in EARR concurrent with orthodontia. Three studies of
cohorts from the United States (Caucasian),'?! Brazil, 126
and Spain'?’ found a significant association, whereas four
others, from Japan,'?® Germany,'? Portugal,'** and the
Czech Republic,'3! did not find a significant association.
In addition, a meta-analysis of studies investigating the
IL-1B +3953/4 polymorphism and EARR concurrent with
orthodontic treatment found no publication bias or as-
sociation. Other DNA markers for other genes have been
investigated as well, with some finding a significant as-
sociation and others none.'32 Most of these studies in-
vestigated only one, or possibly two, genetic markers,
and sometimes clinical factors such as length of treat-
ment and extraction of premolars are also included in the
analysis. Since from the beginning of these studies it was
appreciated that EARR concurrent with orthodontia is a
complex trait, future studies should endeavor to study
as many genetic and treatment factors as possible in as
many orthodontic patients as possible to gain a better un-
derstanding of this phenomenon.

GENETICS OF CLEFT LIP AND PALATE

Studies of the CLP phenotype in twins indicate that
monozygous twins have a 35% concordance rate, whereas
dizygous twins show less than 5% concordance.!33 Infor-
mation from two sources (families and twins) establishes
a genetic basis for CLP, but despite many extensive inves-
tigations, no simple pattern of inheritance has been dem-
onstrated. This has led to proposals for a variety of genetic
modes of inheritance for CLP, including dominance, re-
cessiveness, and gender linkage, and has led ultimately
to the documentation of modifying conditions that may
be present, such as incomplete penetrance and variable
gene expressivity.!3* There are three important reasons
for the failure to resolve the question of a hereditary basis
for clefts: (1) some clefts are of a nongenetic origin and
should not be included in a genetic analysis (such cases
are seldom recognized and are difficult to prove); (2) in-
dividuals who have increased genetic liability for having
a child with CLP often fail to be recognized, but because
they do not have CLP themselves, they cannot be identi-
fied with certainty (this latter situation defines the prob-
lem of nonpenetrance for genes that control CLP)!'%7; and
(3) CLP, although sometimes appearing to be relatively
simple in origin, is undoubtedly a complex of diseases
with different etiologies lumped together because of clini-
cal disease resemblance (they all show clefting).

There are two clearly recognized groups of etiologi-
cally different clefts: cleft lip either with or without cleft
palate, CL(P), and isolated cleft palate (cleft palate only,
CPO). These two entities, CL(P) and CPO, can occur as
both single and multiple cases in a family. In the former
they are called sporadic, and in the latter they are called
familial or multiplex. Some researchers refer to multiplex
cases as those individuals with findings in addition to an
oral cleft, even if a specific syndrome is not recognized. It
should also be noted that CPO that occurs without a cleft
of the lip is different from the palatal cleft that occurs
as a part of CL(P). The embryology and developmental




timing are different, and CPO is more commonly part of
a syndrome than is CL(P). CPO is less common, with a
prevalence of approximately 1 per 1500 to 2000 births in
Caucasians, whereas CL(P) is more common, with 1 or 2
per 1000 births. The prevalence of CPO does not vary in
different racial backgrounds, but the prevalence of CL(P)
varies considerably, with Asians and Native Americans
having the highest rate and Africans the lowest. There
are also gender ratio differences, with more males having
CL(P) and more females having CPO. Except in a small
number of syndromes such as Van der Woude syndrome,
families with one type of clefting segregating in the fam-
ily do not have the other cleft type occurring at a rate
higher than the population prevalence.

When all potential study groups for CL(P) and CPO are
considered, the minimum number is six: three subgroups
for CL(P) and three for CPO. These three for each type
of cleft are the sporadic and the familial groups, and a
group of syndromes that feature CL(P) and/or CPO. Ap-
proximately 30% of CL(P) and 50% of CPO patients have
one of the more than 400 syndromes described.!3%

As noted earlier, it is probable that minor and subtle fa-
cial changes are more likely to produce the best-correlated
phenotype needed to pinpoint the cleft genotype. Part of
the reason for this view is the suspicion that certain facial
shapes are more predisposed to developing CL(P) than
others,!3%137 and that subepithelial defects of the upper
lip musculature are part of the phenotypic spectrum of
oral clefts and may represent an occult, subclinical mani-
festation of the anomaly.!?® Although this approach
seems best for producing an accurately generated clefting
phenotype, further study of the developmental anatomy
of the head and face is needed.

The published data on nonsyndromic cleft popula-
tions come from around the world (Japan, China, Ha-
waii, Denmark, Sweden, the United Kingdom, and
North America). These studies make it clear that both
CL(P) and CPO are heterogeneous diseases; that is, there
are multiple causes for the single phenotypes. The gen-
erally accepted hereditary basis for CL(P) and CPO can
be summarized as follows: Single, nonsyndromic cases
of CL(P) and CP, or sporadic clefts, are believed to be
the result of a complex interaction between multiple
genetic and environmental factors. Hence, their etiol-
ogy is multifactorial in the true sense of the word, and
the chance that these multiple factors would interact to
produce a cleft phenotype in relatives is small, probably
less than 1%.

The other nonsyndromic group consists of multiple
cases of clefts that occur in a single family. These are
called familial (or multiplex) and have been viewed by re-
searchers as the “true” genetic cases. Familial occurrences
of CL(P) and CPO seem most likely to be attributed to
the action of a single major gene, but the influence of
multifactorial (complex) trait factors is difficult to rule
out. Thus we are left with the idea that both multifacto-
rial and single major gene elements may have a role in
producing sporadic and familial cases of CL(P) and CPO.
(For an overview of genetic and other factors in orofacial
clefting, the reader is referred to the paper by Leslie and
Marazita.!39)
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An example of an environmental (dietary) factor as-
sociated with a decrease in neural tube defects such as
spina bifida, as well as orofacial clefting, is the maternal
intake of folate (folic acid), now a common component in
prenatal vitamins. To be effective, such vitamins or oth-
er dietary supplements must be used at least around the
time of conception because of the embryologic timing of
neural tube closure, and lip and palate formation. Because
of the public health importance and critical need before
a woman may realize that she is pregnant, folic acid forti-
fication of grains in the United States became mandatory
January 1, 1998, specifically to reduce the occurrence of
neural tube defects, which has been successful. This has
also, to a lesser degree, reduced the occurrence of orofa-
cial clefting. Interestingly, however, it did not decrease
the occurrence of orofacial clefting in children whose
mothers smoke cigarettes.!40

Although some genetic and environmental risk fac-
tors for CL(P) have been identified, many nonsyndromic
clefts are not linked to any of these factors. Furthermore,
there is a paucity of information available on the long-
term consequences for children born with CL(P) or CPO.
To address these concerns, the National Center on Birth
Defects and Developmental Disabilities at the Centers
for Disease Control and Prevention conducted a work-
shop entitled “Prioritizing a Research Agenda for Orofa-
cial Clefts.” Experts in the fields of epidemiology, public
health, genetics, psychology, speech pathology, den-
tistry, health economics, and others participated in this
workshop to review the state of knowledge on orofa-
cial clefts, identify knowledge gaps that need additional
public health research, and create a prioritized public
health research agenda based on these gaps. Their report
is recommended to the reader as an excellent summary of
the current knowledge and future research priorities for
orofacial clefting.14!
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in the United States each year and are found in

all ethnic, cultural, and socioeconomic sections
of our society. The long-term effects resulting from child
maltreatment are deleterious and often involve physical,
cognitive, and emotional impairments in childhood that
clearly correlate with morbidity in adulthood. It has been
reported that orofacial trauma is present in approximate-
ly 50% to 75% of all reported cases of physical abuse.!
Many of the injuries common to abuse in children are
thus within the scope of dentistry and are easily observed
by the dental professional.! This places dental profession-
als in a unique position to identify victims of child mal-
treatment. Dentists must therefore be knowledgeable of
their responsibilities in the recognition, documentation,
treatment, and reporting of suspected child abuse cases.
To intervene appropriately, dental professionals must first
be willing to consider the possibility of abuse or neglect
when faced with unusual injuries; otherwise it cannot be
diagnosed.? “The public and the profession are best served
by dentists who are familiar with identifying the signs of
abuse and neglect and knowledgeable about the appropri-
ate intervention resources ..."” (statement by ADA’s Coun-
cil on Ethics, Bylaws, and Judicial Affairs, April 2000).
This chapter includes a discussion of the types of child
maltreatment frequently encountered, the clinical pre-
sentation and management of suspected child abuse, and
the documentation and reporting required in these cases.

C hild abuse and neglect affect millions of children

DEFINING CHILD ABUSE

Child abuse and neglect encompass a variety of experi-
ences that are threatening or harmful to the child and are
the result of acts of commission or omission on the part of

110

EVALUATING SUSPECTED CASES
OF CHILD ABUSE
History-Taking
Communication with the Patient
Physical Examination

MANAGING SUSPECTED CASES
OF CHILD ABUSE

Documentation

Parental Concerns

UNDERSTANDING THE LEGAL
REQUIREMENTS
Obligation of the Dentist
CONCLUSION

a responsible caretaker. Child maltreatment can present
in many forms and may be divided into the categories of
physical abuse, sexual abuse, emotional or psychological
abuse, and neglect (Table 6-1).3 Although maltreatment
is not always willful, meaning that the harm or injury
inflicted is not always intended, it can nonetheless result
in significant damage to the child and, in too many cases,
death. Professionals from multidisciplinary backgrounds
working together are in the best position to identify,
treat, and intervene on the behalf of this vulnerable pop-
ulation. Dental professionals also have an opportunity to
take a proactive role in helping these victims by recogniz-
ing child abuse in its many forms.

PHYSICAL ABUSE

Physical abuse can be defined as a nonaccidental inflicted
physical injury (ranging from minor bruises to severe frac-
tures or death) that occurs as a result of harming a child
by a parent, caregiver, or other person who has responsi-
bility for the child.* It is often the most easily recognized
form of child maltreatment. The battered child syndrome
was initially described by Kempe and colleagues in 1962
and was further elaborated by Kempe and Helfer in 1972
as the clinical picture of physical trauma in which the
explanation of injury was not consistent with the severity
and type of injury observed.>¢ Physical abuse is usually
recognized by the pattern of injury and/or its inconsis-
tency with the related history. Bruises, welts, fractures,
burns, and lacerations are examples of commonly inflict-
ed physical injuries. Studies have consistently shown that
head, face, and neck injuries that can easily be recognized
by the dentist occur in more than half the cases of child
abuse,” and 25% of physical abuse injuries occur in or
around the mouth.



Table 6-1

Types of Child Maltreatment?

Types of Abuse Description

Physical abuse  Any nonaccidental injury or trauma
to the body of a child by a parent or
caregiver.

Any sexual behavior or activity with
a minor or the exploitation of a
minor, by an adult, for the sexual
pleasure of someone else.

Occurs when an adult knowingly
permits a child to endure pain or
suffering or fails to provide the
basic needs for proper development.
Categorized as physical, medical,
educational, and emotional.

Emotional abuse A pattern of behavior that impedes a

child’s development and self-esteem
by constant criticizing or belittling
or failing to provide love and/or ap-
propriate guidance.

Sexual abuse

Neglect

SEXUAL ABUSE

Sexual abuse is defined by the Federal Child Abuse Pre-
vention and Treatment Act (CAPTA) as “the employment,
use, persuasion, inducement, enticement, or coercion
of any child to engage in, or assist any other person to
engage in, any sexually explicit conduct or simulation
of such conduct for the purpose of producing a visual
depiction of such conduct; or the rape, and in cases of
caretaker or inter-familial relationships, statutory rape,
molestation, prostitution, or other form of sexual exploi-
tation of children, or incest with children.”# Sexual abuse
essentially includes any sexually stimulating activity that
is inappropriate for the child’s age, level of cognitive de-
velopment, or role within the family. Sexually abusive
acts can include activities such as exhibitionism, kissing,
fondling, intercourse, child pornography, child prostitu-
tion, and rape. Oral findings of trauma to the mouth from
sexual contact or lesions from sexually transmitted infec-
tions can readily be identified by dentists who maintain a
high index of suspicion when faced with these findings.
Some states include age criteria or an age differential in
their statutes defining some forms of sexual abuse. Practi-
tioners should be aware that there are differences in state
definitions.

NEGLECT

Neglect is the failure of a parent, guardian, or other care-
giver to provide for a child’s basic needs. It can be further
categorized as physical (e.g., failure to provide necessary
food or shelter, lack of appropriate supervision), medi-
cal (e.g., failure to provide necessary medical or mental
health treatment), educational (e.g., failure to educate a
child or attend to special education needs), or emotional
(e.g., inattention to a child’s emotional needs, failure to
provide psychological care, or permitting the child to use
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alcohol or other drugs).* Whereas physical abuse tends to
be episodic, neglect tends to be chronic and more insidi-
ous and may present through failure to take the child for
appropriate dental care, which may be just one manifesta-
tion of a larger picture of neglect.® The American Academy
of Pediatric Dentistry defines dental neglect as the “willful
failure of a parent or guardian to seek and follow through
with treatment necessary to ensure a level of oral health
essential for adequate function and freedom from pain
and infection,”” and is the most frequent type of abuse
seen by dentists.!” Factors that can play a role in failure
to seek adequate dental care can include family isolation,
lack of finances, parental ignorance, or lack of perceived
value of oral health.” Dentists should be aware of these
factors and attempt to assist families in overcoming these
barriers when possible. The level of medical and dental
care, adequate nutrition, and adequate food and cloth-
ing must be considered in light of cultural and religious
differences, poverty, and community requirements and
standards and the impact of such neglect on the physical
well-being of the child.

EMOTIONAL OR PSYCHOLOGICAL ABUSE

Emotional abuse can be defined as a pattern of behavior
that impairs a child’s emotional development or sense of
self-worth, which may include constant criticism, threats,
or rejection, as well as the withholding of love, support,
or guidance.* It has been a concern for many years, but
standards for identifying and proving such abuse have
been extremely difficult to establish. Demonstrating the
direct or causal link between the emotional and verbal
abuse and the harm to the child can be difficult. Harm
to the child generally occurs in various ways over a pro-
longed period of time and usually manifests as abnormal
behaviors, high-risk-taking behaviors, or mental health
problems that are multifactorial in origin. Continuous iso-
lation, rejection, degradation, terrorization, corruption,
exploitation, and denial of affection are examples of be-
haviors that frequently have significant damaging effects
on the child.

MEDICAL CHILD ABUSE

Perhaps the most difficult form of child maltreatment to
identify and treat is a factitious disorder. Initially called
Munchausen syndrome by proxy, and then pediatric condi-
tion falsification, the problem is one of child abuse in the
medical setting. It occurs when a perpetrator (usually the
mother) fabricates or exaggerates signs and/or symptoms
of illness, or induces illness or signs and/or symptoms
of illnesses in the child, causing unnecessary and harm-
ful or potentially harmful testing, procedures, and treat-
ments to be performed on the child. This form of abuse
is different from all other forms of child maltreatment
in that the medical community is unwittingly a part of
the abuse. Because health care providers are often depen-
dent on the parental history of the child’s illness, it takes
some time for the practitioner to realize the inconsisten-
cies and possibly fabricated or exaggerated nature of the
complaints. These children often present with persistent
and recurrent illnesses that cannot be explained and
signs and symptoms that do not clinically make sense.
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The motivation of the perpetrators of this form of abuse
can be multifactorial (e.g., to gain medical attention, as a
result of parental psychosis, or to obtain money or servic-
es) but is not considered in the making of a diagnosis of
medical child abuse. The bizarre nature of many of these
cases makes them almost unbelievable to the profession-
als involved, which can unfortunately lead to failure to
protect the child.

THE VICTIMS OF ABUSE

Children from all walks of life can be victims of child
abuse or neglect—no age, race, gender, or socioeco-
nomic level is spared. Each year millions of children are
reported to children’s protective services or law enforce-
ment authorities as suspected victims of abuse.? Accord-
ing to the National Child Abuse and Neglect Data System
(NCANDS), child protective service agencies received an
estimated 3.4 million referrals involving approximately
6.3 million children in 2012.!! Statistics on child abuse
reflect only those cases known or suspected, and all stud-
ies struggle with the component of the unknown. The
Child Maltreatment 2012 report (NCANDS) noted that,
of the victims reported, more than 75% (78.3%) suffered
neglect, more than 15% (18.3%) suffered physical abuse,
and fewer than 10% (9.3%) suffered sexual abuse.!! As is
often the case, children may be the victim of more than
one type of maltreatment. These statistics reflect a child
counted once for each maltreatment type.

Sociodemographic characteristics of maltreated children
vary somewhat by the type of abuse or neglect. According
to the Child Maltreatment 2012 report, victims in their
first year of life had the highest rate of victimization, at
21.9 per 1000 children of the same age in the national
population. Boys accounted for 48.7% and girls accounted
for 50.9% of victims, and the majority of victims consist-
ed of three races or ethnicities—White (44.0%), Hispanic
(21.8%), and African-American (21.0%).!! Child fatalities
are clearly the most tragic consequence of maltreatment.
Based on NCANDS 2012 data, a nationally estimated 1640
children died from abuse and neglect, of whom nearly
three quarters (70.3%) were younger than 3 years of age
and 85.5% were comprised of the three aforementioned
ethnicities—White (38.3%), African-American (31.9%),
and Hispanic (15.3%).!1

Most episodes of child abuse and neglect take place
within the child’s family and are symptomatic of the
family’s dysfunction.? Characteristics that are overrep-
resented among families of maltreated children, and
therefore considered risk factors, include the presence
of multiple children in the home, lower socioeconomic
status, interpartner violence, substance abuse, and illness
and financial stresses. Children living in violent homes
are increasingly recognized as victims of maltreatment.
Infants and young children are more likely to be abused
because of their defenselessness, physical fragility, and
inability to escape an angry parent or caregiver, whereas
adolescents often trigger violent responses from their
caregivers by challenging parental authority.!? Risk fac-
tors certainly play a role, but ultimately every child is a
potential victim.

POSSIBLE INDICATORS OF CHILD ABUSE

As stated earlier, child abuse and neglect cannot be identi-
fied if they are not considered as a diagnostic possibility.
The dental professional must be willing to consider the
diagnosis of abuse to make the diagnosis. Dentists who
have been educated to recognize the signs of child mal-
treatment are 5 times more likely to make a report than
dentists who have not.'3 Indicators of child abuse and ne-
glect are those signs or symptoms that should raise one’s
suspicions to the possibility of child maltreatment. The
presence of such indicators is not diagnostic of maltreat-
ment but should lead dentists to be more thoughtful in
their consideration when faced with concerning injuries/
illnesses. Child abuse should be included in the differen-
tial diagnosis. Many of the signs and symptoms are non-
specific and may be present for a variety of reasons, child
abuse being only one of those reasons. Indicators of abuse
and neglect often depend on the child’s age and develop-
mental level, and may vary with the child’s experiences
and resiliency.

PHYSICAL INDICATORS

There are numerous common physical signs that should
alert one to the possibility of physical abuse and/or ne-
glect. Some physical indicators of physical abuse include
unexplained bruises, fractures, burns, lacerations, and
abrasions. Although many injuries are accidental, dental
professionals should always maintain a high index of sus-
picion for any traumatic injury, especially those in which
there is either no explanation given or the explanation is
not consistent with or plausible for the injury seen.
Unexplained bruises, abrasions, welts, or lacerations
in places not routinely subject to the child’s rough-and-
tumble lifestyle are those that should be considered sus-
picious for abusive injury. For example, bruises on the
shins and forehead or overlying bony prominences are
expected in normal healthy active toddlers, whereas those
seen on the neck, upper arms, or abdomen are not. Bruis-
ing in any infant who is not yet ambulating or cruising
is suspicious. Unexplained injuries on the face, especially
the cheeks; clusters of bruises or bruises that appear pat-
terned, reflecting the shape of an article; and scattered sig-
nificant bruises on different surface areas appearing to be
at various stages of healing are all suspicious. The study by
Pierce et al. on bruising characteristics of abused children
versus accidental injuries found clear evidence that the
following should be considered a red flag and serve as a
sign for possible physical abuse: bruising without a clear
confirmatory history for any infant not cruising and bruis-
ing to the torso-ear-neck (TEN) region of a child younger
than 4 years of age (TEN-4 guideline).!? Trauma resulting
in injuries to the teeth, mouth, lips, tongue, or cheeks
inconsistent with an accident is an indicator that should
be readily identified by the dental professional.! Any un-
explained fracture, especially in children younger than 2
years of age, multiple fractures in various stages of healing,
or injuries to the growth centers of bones should raise real
concern. While all such injuries can be accidental, a clear
and plausible explanation must be sought. For example, a
simple linear skull fracture may result from a short-height




fall (less than 3 to 4 feet). However, such a fall would
not explain a skull fracture accompanied by intracranial
hemorrhage (e.g., subdural hematoma) and brain injury
with severe multilayer retinal hemorrhages; this would be
much more characteristic of abusive head trauma. Burns
are another form of recognizable child abuse. Intentional
cigarette (Fig. 6-1) and immersion burns are readily distin-
guishable from accidental splash burns in that they typi-
cally have a uniform depth and clear lines of demarcation
and can be symmetric. Suspicious burn patterns require a
careful history and scene investigation to determine the
etiology. Another physical indicator of physical abuse is
evidence of delayed or inappropriate treatment of inju-
ries. There are also physical indicators of neglect, which
can include abandonment, consistent lack of appropri-
ate supervision, unattended medical or dental needs, a
distended abdomen, an emaciated appearance, poor hy-
giene, or being inappropriately or inadequately dressed
for conditions. Indicators of dental neglect include un-
treated extensive caries that could easily be detected by a
layperson; untreated pain, infection, bleeding, or trauma
affecting the orofacial region; or lack of continuity of care
in the presence of identified dental disease.?

BEHAVIORAL INDICATORS

Significant behavioral changes often linked to the vari-
ous forms of child maltreatment include withdrawal,
depression, poor school performance, regression in devel-
opmentally appropriate behavior, acting out, clinginess,
and somatic complaints. Young maltreated children may
show inappropriate affection toward others or may be
extremely wary and distant in social interactions. Many
abused children will still demonstrate affection toward
an abusive parent, which should not be construed as

Figure 6-1 Intentional cigarette burn. (From Zitelli BJ, Davis
HW: Atlas of pediatric physical diagnosis, ed 5, Philadelphia,
2008, Mosby.)
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evidence against maltreatment. Children who express
fear of going home, appear frightened by their parents,
show a lack of spontaneous smiling, or avoid eye contact
with their parents are displaying behavioral indicators for
maltreatment. Any child who reports injury by caretakers
should be taken seriously. Extensive lists can be found
describing behavioral indicators of possible maltreat-
ment. These should be considered in light of the child’s
entire clinical history and presentation and not in isola-
tion. When other explanations for such behaviors are not
found, maltreatment is an appropriate consideration.

Behavioral indicators for physical abuse may also be
present in caretakers. These include both a lack of con-
cern and inappropriately high levels of concern in rela-
tion to the severity of the child’s injury, defensiveness or
hostility when questioned, and refusal of needed further
evaluation and care for the child. Other behavioral indi-
cators include an explanation that is inconsistent with
the pattern of injury or the child’s abilities or an explana-
tion that changes when the perpetrator realizes that the
first story was not believed. Poor judgment, jealousy or
extreme protectiveness, excessive watchfulness or vigi-
lance, child abandonment, violent behavior, and erratic
behavior (suggesting substance abuse or mental illness)
are other clues to possible maltreatment by caretakers.
Indications of possible medical child abuse can include
doctor or emergency department “shopping” or excessive
use of medical care for an apparently well child. A child
who is seen for repeated ingestions of harmful substances
or has repeated hospitalizations for the same or similar
constellation of symptoms with largely negative diagnos-
tic testing is also concerning.

Like pediatricians, dental professionals have a continu-
ing relationship with their pediatric patients and their
families, since it is often necessary for a patient to be seen
several times a month.® This provides the dental profes-
sional with ample opportunity to recognize any concern-
ing physical and behavioral indicators of physical abuse
and neglect and to intervene when necessary to protect
potential victims of abuse.

EVALUATING SUSPECTED CASES
OF CHILD ABUSE

Trauma to the orofacial structures is a frequent mani-
festation of child abuse: it is present in as many as 50%
to 75% of all reported cases of child physical abuse.!
Because abusive parents do not always show the same
caution when visiting the dentist as when visiting the
physician, the dental practitioner may be the first person
to identify the abused child. The dentist must therefore
learn to screen for maltreatment as a basic part of any
clinical examination performed on a child'* and com-
plete a thorough history as well as a thorough dental
and general physical examination. The dentist must
learn to recognize an abused child and make the appro-
priate referrals.!s

HISTORY-TAKING

A certain combination of information is what influences
or creates the suspicion of possible child maltreatment.
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Historical information should include a complete den-
tal and medical history. Details regarding any trauma
should be complete and obtained separately from more
than one source (e.g., parent and child), if possible, and
in the presence of another staff member to act as a wit-
ness.'* The use of open-ended questions is favored, and
“yes” or “no” questions should be avoided. Often, the
best question is, “What happened?” The dentist need
ask only for a level of detail that would be indicative of
a suspicion for reportable abuse or neglect. Such details
might include who witnessed the injury and who was
with the child at the time of the injury; where the child
and supervising adults were at the time of the injury;
and details about what, how, and when the incident
occurred. A description of present and past injuries,
as well as the child’s developmental abilities, is usu-
ally helpful. Situations raising the strongest suspicions
are those in which the pattern of injury is not consis-
tent with the account offered to explain it. The history
should be consistent with the injury as it relates to the
mechanism of the injury, the timing of the injury, and
the developmental level of the child. For example, a
3-month-old (nonambulatory) infant cannot sustain
a spiral femur fracture from crawling. A bruise in the
shape of a handprint on the cheek does not result from
a fall down the stairs (Fig. 6-2). Conflicting accounts
from two or more individuals (e.g., parents or a parent
and child) or historical accounts that change over time
should raise concerns. Additionally, any significant

Figure 6-2 Bruise in the shape of a handprint on the cheek.

injury that is reportedly “unwitnessed” is reasonable
cause for suspicion.

COMMUNICATION WITH THE PATIENT

In most circumstances, professionals who are identify-
ing and reporting suspected child maltreatment will
have to talk to children to clarify a possible suspicion.
They should not, however, be conducting investigative
interviews of children to learn explicit details or sort out
the truthfulness of comments. The goal of questioning
should be limited to obtaining the information needed to
care appropriately for the child and help inform opinions
about suspicions of child maltreatment. If, based on this
information, including one’s own knowledge and experi-
ence, there is reason to believe that the child may have
been abused or neglected, a report should be made to the
appropriate child protection agency, whose job it is to in-
vestigate such concerns. It is appropriate to listen to and
provide support for the child who is talking and wants to
disclose more.

PHYSICAL EXAMINATION

The examination of the patient by a dentist should in-
clude a careful and thorough intraoral and perioral exam
in addition to exposed areas of the body that can be ex-
amined without undressing the child. The examination
should be completed before any treatment is initiated.
Observations should be assessed in the context of the age,
developmental level, and known history of the child, and
should include the patient’s posture, gait, and clothing.
Dental staff should also be trained in recognizing abuse
and neglect so that they may alert the dentist if they have
concerns. Inappropriate dress may be cause for concern.
For example, a child who appears with a long-sleeved
shirt in the middle of the hot summer may be dressed in
this manner to cover old injuries.

The dentist should start the examination at the top,
beginning with careful visual examination and palpa-
tion of the head, including hair, scalp, facial bones, and
mouth, and systematically work down. Findings that
may be of concern include alopecia, which without an
underlying medical cause may be an indicator of malnu-
trition or hair pulling. Subgaleal hematoma can be the
result of trauma to the scalp from direct trauma or vio-
lent hair pulling. Periorbital ecchymosis, subconjunctival
hemorrhages, ptosis, and deviated or unequal pupils may
indicate significant facial trauma. A nasal fracture, devi-
ated septum, and clotted blood are nasal findings that
may be of concern and indicate previous trauma. Bruis-
ing inside and behind the ears is worrisome for inflicted
trauma. Tympanic membrane damage can be of concern.
Other common orofacial injuries include lacerations,
burns, abrasions, or bruises to the lips or corners of the
mouth; labial (maxillary) or lingual frenum tears; burns
or lacerations of the gingiva, tongue, palate, or floor of
the mouth; and past or present fractures to the facial
bones, condyles, ramus, or symphysis of the mandible,
which can result in malocclusion.? Burns can be the re-
sult of forced ingestion of hot or caustic substances. A
torn maxillary frenum on a child who is immobile may
indicate possible trauma to the mouth from a slap, fist



blow, or forced feeding, and a torn lingual frenum could
indicate sexual abuse or forced feeding (Figs. 6-3 and 6-4).
The mandible should be examined for any deviation on
opening, range of motion, trismus, and occlusion at rest.
The maxilla should also be examined for any mobility in-
dicating a facial fracture. Bleeding under the tongue may
indicate a fracture of the body of the mandible. Examina-
tion of the teeth and their supporting structures may also
reveal concerns for abusive injury and may be present in
the form of missing teeth or previously traumatized teeth
(avulsions, luxations, intrusions, or fractures). Physical
exam findings of a child with dental neglect may reveal
a child with extensive, untreated dental caries, untreated
infection, or dental pain.

Figure 6-3 Torn frenulum from blunt force trauma to the
mouth. Upon further investigation, this child was found to
have 17 fractures.

genital and abdominal trauma.
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Any bruise in the shape of an object, such as a belt,
looped cord, handprint, or hanger, should alert the prac-
titioner to inflicted trauma. Though bruising cannot be
aged by its appearance, various colors of bruises can be
indicative of the several stages of resolution and may sug-
gest ongoing trauma. The neck should be examined for
evidence of ligature marks or bruises (Fig. 6-5) with asso-
ciated facial petechiae that may indicate attempted stran-
gulation. Physical trauma to the child’s chest or ribs may
elicit a painful response from the child if a lifting motion
is used to slide the child up to the top of the dental chair
and may warrant further examination.

Bite marks should be suspected when bruising, abra-
sions, or lacerations are found in an elliptical or ovoid pat-
tern.” Bite marks can occur anywhere, but most commonly
are found on the facial cheeks, back, sides, arms, buttocks,
and genitalia.® Human bites tend to compress flesh, where-
as animal bites typically result in tears and avulsions of the
flesh.” The presence of adult bite marks (Fig. 6-6) is usu-
ally associated with physical or sexual abuse? and can help

Figure 6-5 Attempted strangulation marks on the neck of
an adolescent. (From Hobbs C|, Wynne JM: Physical signs of
child abuse: a colour atlas, ed 2, London, 2001, WB Saunders/

Harcourt Publishers.)
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Figure 6-6 The presence of an adult bite mark may be a
sign of physical or sexual abuse or neglect. (From Shah BR,

Laude TA: Atlas of pediatric clinical diagnosis, Philadelphia,
2000, WB Saunders.)
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identify the abuser. An intercanine distance (linear dis-
tance between the central points of the cuspid tips) mea-
suring more than 3.0 cm is suspicious for an adult bite.” A
forensic odontologist or pathologist should be consulted
as soon as possible when adult bite marks are suspected.
These injuries should be clearly documented with detailed
information about their pattern, size, contour, and color.
They should be photographed, if possible, when they are
first observed because they tend to fade rapidly. Photo-
graphs should include a patient identification tag and
a scale marker. Photographs should be taken so that the
angle of the camera lens is directly over the bite and per-
pendicular to the plane of the bite, to avoid distortion.”
The American Board of Forensic Odontology has devel-
oped a special photographic scale for this purpose, which
can also be used in the documentation of other injuries
(ABFO No. 2 reference scale, Lightening Powder Company
Inc., Salem, OR, USA).” Most law enforcement agencies will
dispatch a photographer if requested in child abuse cases.
Dentists are not as involved as other health profession-
als in the diagnosis of sexual abuse; however, there are cer-
tain signs and symptoms for which they should remain
alert.’ Bruising, erythema, or petechiae at the junction of
the soft and hard palates may indicate forced oral penetra-
tion (Fig. 6-7). Oral manifestations of sexually transmitted
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Figure 6-7 Palatal hemorrhage from oral-genital contact.

infections can be apparent in sexually abused children.
Gonorrhea may appear symptomatically as anything from
erythema to ulcerations and from vesiculopustular to pseu-
domembranous lesions on the lips, tongue, palate, and/or
pharynx.? Syphilis may manifest as a papule on the lip or
skin at the site of inoculation, which later ulcerates to form
the classic chancre in primary syphilis, and as a generalized
maculopapular rash in secondary syphilis.®> Condylomata
acuminata (Human papilloma virus, HPV) can appear as
single or multiple raised pedunculated, cauliflower-like le-
sions in the oral cavity, as well as genital and anal areas.?
Herpes simplex virus (HSV) presents as oral or perioral
painful erythematous eruptions with grape-like clusters of
vesicles that rupture to form crusted-over lesions. HPV and
HSV do not necessarily indicate sexual abuse as they have
both vertical (mother-to-child transmission in utero or
during birth) and horizontal (person-to-person or to self,
transmission via direct physical contact, airborne, or envi-
ronmental contact) modes of transmission. Their presence
should raise the question of, but not be used as diagnostic
for, sexual abuse. This is unlike gonorrhea or syphilis,
which are both diagnostic of sexual abuse. Pregnancy in a
child under the age of sexual consent (varies by state, but
generally 12 to 13 years) is also diagnostic of sexual abuse
and should be reported. It is the combination of a com-
plete history and physical examination that should form
one’s basis for the suspicion of child maltreatment, all
while considering the differential diagnosis. The primary
goal of detection is to prevent further injury to the child.

MANAGING SUSPECTED CASES
OF CHILD ABUSE

Clinical and medicolegal management of suspected child
abuse and neglect involves several basic steps: appropri-
ate medical and dental treatment, complete and objective
documentation (including photographs), and reporting.
There are numerous reports in the dental literature in
which dentists initially suspected abuse-based orofacial
injuries, many of which were instances of severe child
abuse resulting in hospitalization or death.!® As health
care professionals, dentists should be especially sensitive
to the need for protecting children from abuse and ne-
glect and should adopt routine protocols for the manage-
ment of these cases when suspicion exists.

TREATMENT

Any medical or dental treatment that is indicated by the
child’s condition should be provided. The dentist can en-
sure that a child receives the immediate necessary atten-
tion. In cases of child abuse or neglect, if the dentist feels
competent and the problem or injury is restricted to the
mouth, definitive dental/medical care should be initiated.
More extensive trauma (e.g., fractures, lacerations, serious
injuries to the head) should be referred to the appropriate
medical and dental specialists.> For example, a maxillofa-
cial surgeon may be best qualified to provide treatment
for instances of severe trauma to the jaw, alveoli, or intra-
oral soft tissues.!® A plastic surgeon may be best qualified
to treat facial lacerations requiring extensive suturing.©
In cases of suspected head trauma, the child should be




referred to a pediatrician or neurosurgeon familiar with
child abuse as soon as possible. Referral to a local ER/
hospital may be indicated for other trauma involving the
body, head, or extremities. Additionally, some cases may
require referral to the child’s primary care provider or a
child abuse pediatrician who can assist in considering the
complete differential diagnosis, identify medical condi-
tions that can mimic or be confused with child abuse,
and perform any additional medical evaluation neces-
sary.!” The dentist should always notify the specialist or
hospital/ER regarding his/her concern of maltreatment so
that these individuals may also be sensitive and helpful in
assessing the possibility of abuse.?1¢ Referral to a physi-
cian does not eliminate the dentist’s obligation to make
a report to authorities if maltreatment is suspected. If the
treatment is within the scope of the dentist’s mandate,
definitive care should be given, followed by a discussion
with the caregiver regarding the treatment provided, the
prognosis, and any necessary follow-up care prior to any
discussion of the suspicion of child abuse.!®

DOCUMENTATION

All data collected in the medical history and physical
examination must be documented in a complete and
objective manner. Pertinent positive and negative find-
ings should be included. Findings should be documented
with a detailed description of the injuries and the histo-
ry obtained for how they occurred. Actual comments in
quotations should be recorded whenever possible. Behav-
iors should also be objectively noted, and opinions about
those behaviors should be avoided. If possible, photo-
graphs of any visible injuries should be obtained, with the
child’s name and date of the photograph included in the
picture. Most law enforcement officials will take photo-
graphs if requested to do so when suspected child abuse is
reported. Also document why maltreatment is suspected.
When suspected maltreatment is reported to authorities,
the time, date, and method of reporting (telephone or
written report) should also be documented in the medical
and dental record.

REPORTING

Dentists must be informed about their responsibilities in
relation to child maltreatment as outlined by the Ameri-
can Dental Association. The dentist is obligated by law
to report suspected findings of child abuse to child pro-
tective service agencies and/or law enforcement officials.
Reports of suspected child maltreatment to local authori-
ties mandated to investigate allegations are allowable
without parental consent under Health Insurance Porta-
bility and Accountability Act regulations. Underreporting
is a concern among all health professionals and is not
unique to dentists.'® Health care professionals are likely
to underreport cases of suspected abuse because of their
own values and attitudes toward abuse,!8 due to concerns
about making false accusations,! or because of a lack of
adequate training or education in the recognition of child
maltreatment.'® With increased public awareness and the
inclusion of courses on child abuse in the dental curricu-
lum, ignorance of the laws regarding child abuse is not an
acceptable excuse. Health professionals who fail to report
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reasonable suspicions of abuse may be subject to civil or
criminal charges. Those who report in good faith are pro-
tected from civil and criminal liability.

Reporting is initiated simply with a telephone call to
the appropriate child protective service or law enforce-
ment agency, depending on local statutes. The telephone
call initiates a response by professionals trained in in-
vestigating and recognizing child abuse. The reasons for
the suspicion, with supporting documentation, should
be communicated both verbally and in writing. Dentists
are mandated to report based on “reasonable suspicion”
and are not responsible for any further investigation. If
the concern is dental neglect, the dentist must work with
the authorities to educate them on the diagnosis and need
for care and then establish and follow through on a plan
of treatment. While it is possible to report suspected child
abuse anonymously in most states, it is preferred that one
provide one’s contact information to help the agency un-
derstand the concerns. There should be no reluctance on
the part of the dentist to report suspected child abuse due
to concerns that it will require a great deal of time. In most
cases once the initial report has been filed, no further in-
volvement is necessary on the part of the dentist, and few
cases require a court appearance. Detailed documentation
in the dental record may lessen the likelihood of the need
for a personal appearance.

PARENTAL CONCERNS

In most situations parents should be told about concerns
of possible child abuse or neglect and the legal require-
ment to report it to local authorities. This can help main-
tain the relationship with the patient and family. It can
also be helpful to ask the parent if there has ever been a
concern that someone might have hurt the child. Health
care professionals should take care not to make any accu-
sations about who may have caused the harm. One may
consider using the following simple and direct statement:
“Because of an injury like this in a child of this age, we
have to think about all of the possible causes. Whenever
we are faced with this, I am required by law to make a
report to Child Protective Services.” When the dentist’s
action is presented to parents as motivated by concern for
the child and by an attitude of partnership in an effort to
figure out what has happened, many parents are eventu-
ally appreciative and will continue to seek support and
care from the reporting professional.

In situations in which a child is suspected to have been
significantly harmed in the home, in which the parent is
expected to be violent, or in which possible retribution
against the child for having made a disclosure about abuse
is a concern, it may be more prudent to contact the au-
thorities first and have them present to protect the child
before parents are informed about suspicions of abuse.
Discussion about the severity of the situation with the au-
thorities will aid in determining a plan about the disposi-
tion of the child (e.g., whether you should release the child
from the office or await the arrival of the authorities). The
dental professional has no legal obligation to inform par-
ents that abuse or neglect is suspected or will be reported.
Decisions about this should be tailored to the specific situ-
ation. The welfare of the patient should be at the forefront



118 Chapter 6 = Child Abuse and Neglect

of all decision making, and any concerns about losing a
patient from a practice should be secondary.

UNDERSTANDING THE LEGAL
REQUIREMENTS

There are mandates in all fifty states requiring that sus-
pected child abuse and neglect be reported to proper state
authorities by dental professionals.'® These statutes may
vary somewhat from state to state regarding detailed defi-
nitions of child abuse and neglect, but there is no vari-
ance in the identification of all health care professionals
as mandated reporters. It is important to emphasize that
one is required to report reasonable suspicions of child
maltreatment, not proven allegations of abuse. Once sus-
picions have been reported, it is the responsibility of social
and legal authorities to determine the needs of the child
and family, whether maltreatment has occurred, and what
intervention or service is legally allowable or necessary.

OBLIGATION OF THE DENTIST

Dental professionals are mandated reporters under state
law and may face criminal sanctions for failing to report
cases. They also have a defined ethical duty to report, and
may be subject to private civil malpractice lawsuits if they
fail to notify state child protection agencies when appro-
priate.!® Some state statutes allow the mandated reporter
to be held liable for proximate damages caused by the fail-
ure to report. The privileged quality of communication
between the caretakers or the patient and the practitioner
is not grounds for excluding evidence in a judicial proceed-
ing that either results from a report or results from failure
to make a report as required by law. Strict confidentiality
of records should always be maintained. Reports and any
other information obtained in reference to a report are
confidential and available only to persons authorized by
the juvenile code to examine them.

Again, it must be understood that absolute proof is not
required when making reports about suspicions of abuse. It
is the responsibility of child protective service agencies and
law enforcement officials to investigate suspicions and de-
termine whether intervention is necessary. The health care
professional can provide invaluable assistance by giving as
much information as possible through communication and
coordination. Investigating professionals cannot do their
jobs if the health care professional does not share detailed
information regarding why the suspicions exist. Health care
professionals who are unhappy with the outcome of system
intervention (e.g., nothing was done) are usually those who
would not or did not provide the information available
that would have assisted authorities in making the best-
informed decisions. If the health care professional believes
that a bad decision is being made, a follow-up telephone
call to the assigned case worker or case worker’s supervisor
to clarify concerns and interventions is appropriate. Many
misperceptions exist about what interventions are pos-
sible legally. Clear communication and coordination can
improve everyone’s knowledge and understanding about a
child’s needs and what can be done to meet them.

In cases of dental neglect, the dentist should deter-
mine whether the failure to provide dental care is willful

or due to a lack of awareness, lack of finances, or lack of
perceived value of health care prior to filing a report with
proper authorities. Taking a good medical and dental his-
tory and making repeated attempts to obtain appropri-
ate treatment for the child can help sort out these issues.
Dentists must be aware of these factors and attempt to
assist families to overcome any identified barriers as well
as provide clear explanations regarding the disease and its
implications.” A call to a child protective service agency is
indicated if repeated attempts to address the cause of the
dental neglect are not met with success, since the mani-
festations of dental neglect (e.g., dental caries, periodon-
tal disease) can cause significant pain, infection, and loss
of oral function if left untreated. This can result in adverse
effects on learning, communication, nutrition, and other
activities necessary for normal growth and development.”

CONCLUSION

Consequences of child abuse can be devastating, often
manifesting in emotional problems, cognitive impair-
ments, mental health disturbances, and long-term physi-
cal problems.? Society is also adversely affected by child
abuse through the substantial direct costs resulting from
the investigation, prosecution, and resulting health care
costs.? It is known that, of the abused children who are
returned to the same environment without intervention,
many will be seriously reinjured or killed. It is thus imper-
ative that health care professionals appropriately recog-
nize and report suspected victims of child maltreatment
to prevent further injury and/or death to the child. Dental
professionals and offices can be instrumental in preven-
tion efforts as well by facilitating community awareness
of child abuse through the provision of resource materi-
als in waiting rooms, participation in organizations con-
cerned with ending violence, and ensuring that all office
staff become familiar with the signs of abuse and be en-
couraged in the pursuit of continuing education on the
subject.!*
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s the technological level of health care increas-

es, it is important not to lose sight of the basics

of patient care. In dentistry, this means estab-
lishing and maintaining effective preventive habits in our
patients. No matter how sophisticated our dental tech-
niques and procedures have become, preventive dentistry
is the foundation on which all oral health care must be
built. In 1960 McDonald discussed how pediatric medi-
cine had changed in the previous 30 years (since 1930)
from 90% treatment and 10% prevention to just the re-
verse.! He stated that preventive measures for dentistry
were available and remained to be applied, as they had
been in pediatrics. With this preventive philosophy, den-
tistry, particularly dentistry for children, has come a long
way toward reaching this ratio of 90% prevention to 10%
treatment.

At the core of this preventive foundation are home
oral hygiene and plaque control. The area of oral hygiene
has undergone recent developments that have turned a
mundane subject into a field of surprising growth and re-
search. Modern biology has made new inroads into the
area of plaque control and will continue to exert a strong
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influence on how we look at oral hygiene and plaque in
the future. The traditional focus of oral hygiene has been
and will continue to be the control of the two most preva-
lent oral diseases: caries and periodontal disease. Although
plaque control is essential to oral hygiene, unlike with
periodontal disease, no clear relationship exists between
plaque control and the prevention of caries. As discussed
in Chapter 9 the complex etiology of decay centers on the
following factors: tooth susceptibility, bacterial plaque,
refined carbohydrates, and time. Many other variables, such
as oral sugar clearance, salivary flow, and pH and immune
factors, add to the complexity of this process. This may
help explain the difficulty in demonstrating a relationship
between oral hygiene practices and caries prevention.

Despite this ambiguity, plaque control remains an es-
sential element in oral health. Although Marsh has shown
that the natural oral microflora confers several benefits on
the host, in the absence of oral hygiene, dental plaque
accumulates, which leads to shifts in bacterial popula-
tions away from those associated with health.? Treatment
should therefore be designed to control rather than to
eliminate dental plaque.
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Not only have there been advances in biology, but the
public’s consciousness regarding home oral hygiene also
has been raised to new levels by the advertising of home
health care products. The global oral care market is esti-
mated to exceed $36 billion by 2017. Health and cosmetic
awareness by patients is possibly at an all-time high; the
patients are willing to pay for the best in health products.

This chapter addresses the broad area of home oral hy-
giene for the child and adolescent, from the biology of
plaque development to plaque removal techniques and
patient motivation. Dental health care professionals need
to make home oral hygiene the core of their preventive
foundation.

MICROBIAL ASPECTS OF ORAL HYGIENE
AND PLAQUE FORMATION

Although Miller proposed, in the late nineteenth cen-
tury, that microorganisms play a role in dental disease,?
definitive evidence of the microbial etiology of dental
caries and periodontal diseases did not appear until three
fourths of a century later, with the work of Keyes* and
Loe and colleagues.® Since these seminal studies, a major
focus of dental research has been to define the specific
microorganisms in dental plaque that mediate these dis-
eases. Although great progress has been made in identi-
fying these pathogens, our primary tools for preventing
dental diseases remain mechanical removal of plaque and
promotion of the remineralization of the tooth surface.
Therefore the following brief review of the timing, mech-
anisms, and biology of plaque formation provides a sci-
entific rationale for any clinical program of oral hygiene
and prevention.

The development of anaerobic culturing techniques
and, more recently, genetic techniques that allow for the
detection of uncultivable species has identified more than
700 bacterial species and numerous distinct bacterial hab-
itats in the mouth. Interestingly, only limited numbers
of species are found in high numbers in dental plaque.®-8
These species are uniquely suited to this habitat. The for-
mation of plaque on the tooth surface is characterized
by progression from a limited number of pioneer spe-
cies (mainly streptococci and other gram-positive organ-
isms) to the complex flora of mature dental plaque. This
maturation involves initial adherence of bacteria to the
salivary pellicle and subsequent formation of a complex
multispecies biofilm. Most oral bacteria have evolved spe-
cific adherence mechanisms that enable them to colonize
the tooth surface. In addition, bacteria undergo numer-
ous phenotypic changes as they initiate the formation of
a biofilm. The molecular mechanisms that underlie these
processes have been intensively studied. Kolenbrander
and Kuramitsu have provided recent reviews of these ar-
eas.810 Although their reports offer the possibility of new
methods of plaque control, mechanical plaque removal
with supplementation by chemotherapeutic agents cur-
rently offers the most practical method of controlling
plaque.

Not only do microbial changes occur as plaque matures
on the tooth surface but also do mature dental plaques
associated with oral diseases appear to differ from those
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associated with oral health. Many studies have demon-
strated that, in dental caries, the pathogenicity of plaque
is related to the numbers of mutans streptococci and other
cariogenic species present.!!12 In contrast, the plaques as-
sociated with gingival inflammation are characterized by
a predominance of gram-negative bacteria rather than the
predominantly gram-positive flora found in oral health.
This transition seems to coincide with inflammatory
changes that occur at the gingival margin. Culture-inde-
pendent studies using genetic techniques have expanded
the range of disease-associated bacteria in both dental car-
ies and periodontal diseases.® Regardless, plaque control
efforts should be directed toward two goals: (1) limiting
the numbers of mutans streptococci and other cariogenic
organisms in dental plaques for the prevention of caries
by mechanical elimination of supragingival plaque and
limitation of dietary sucrose and (2) maintaining the pre-
dominantly gram-positive flora associated with gingival
health by mechanical removal of plaque from the subgin-
gival area on a regular basis. The use of chemotherapeutic
agents, particularly chlorhexidine, can also play a role in
the maintenance of gingival health. The incorporation
of these methods into the daily routines of patients and
their parents is perhaps the greatest challenge facing the
dentist.

MECHANICAL METHODS OF PLAQUE
CONTROL

Mechanical methods of plaque control are the most
widely accepted techniques for plaque removal. Tooth-
brushing and flossing are the essential elements of these
mechanical methods; adjuncts include disclosing agents,
oral irrigators, and tongue scrapers.

MANUAL TOOTHBRUSH

The toothbrush is the most common method for remov-
ing plaque from the oral cavity. Several variables enter
into the design and fabrication of toothbrushes, includ-
ing the bristle material; length, diameter, and total num-
ber of fibers; length of brush head; trim design of brush
head; number and arrangement of bristle tufts; angula-
tion of brush head to handle; and handle design. In ad-
dition, many features, such as the use of neon colors or
familiar cartoon caricatures, are designed to attract the at-
tention of potential purchasers (Fig. 7-1).

Figure 7-1 Features such as neon colors or cartoon charac-
ters on toothbrushes are designed to attract the attention of
purchasers.
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Today most commercially available toothbrushes are
manufactured with synthetic (nylon) bristles. Park and
colleagues identify the bristle and head of the toothbrush
as the most important part of the toothbrush, noting that
the length of most bristles is 11 mm.!?? Toothbrushes are
classified as soft, medium, or hard based on the diameter
of these bristles. The diameter ranges for these classifica-
tions are 0.16 to 0.22 mm for soft, 0.23 to 0.29 mm for
medium, and 0.30 mm and above for hard. In addition
to the bristle diameter, the bristle end has been studied
to determine the most beneficial type for plaque control.

Of the three types of bristle ends (Figs. 7-2, A-C), coarse-
cut, enlarged bulbous, and round, the round end is the
bristle type of choice because it is associated with a lower
incidence of gingival tissue irritation. However, even the
coarse-cut bristles round off eventually with normal use
(see Fig. 11-2, D).

The soft brush is preferable for most uses in pediatric
dentistry because of the decreased likelihood of gingival
tissue trauma and increased interproximal cleaning abil-
ity. In evaluating the best toothbrush head and handle
for children, Updyke concludes that it is best to use a

Figure 7-2 Scanning electron micrographs of toothbrush bristles manufactured by different processes. A, Coarse-cut bristle end,
probably the result of an incomplete single-blade cut. B, Slightly enlarged, bulbous nylon bristle end, resulting from a double-
blade or scissors cut. €, Tapered or round-end nylon toothbrush bristle produced by heat or a mechanical polishing process.
D, Scrubbing, mechanical action of a toothbrush wear machine has rounded off this bristle removed from a brush that was
originally coarse-cut. (From Park KK, Matis BA, Christen AG: Choosing an effective toothbrush, Clin Prev Dent 7:5-10, 1985.)
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Figure 7-3 Blue dye in the center bristle tufts of this tooth-
brush fades down from the end with use. When the dye
reaches the halfway point (bottom), the manufacturer sug-
gests replacing the toothbrush.

toothbrush with a smaller head and a thicker handle
than an adult-size toothbrush, for better access to the oral
cavity and to facilitate the child’s grip of the handle.!3
However, no single toothbrush design has been scientifi-
cally proven to be superior for the removal of plaque,'*
although some evidence exists that an angled bristle tuft
configuration is more effective.!>1¢ Multiple variables in-
fluence a toothbrush'’s ability to remove plaque; therefore
the practitioner should make recommendations only af-
ter assessing a patient’s individual needs.

Wear rates of toothbrush bristles and their subsequent
ability to remove plaque raise another concern. Numer-
ous studies suggest that toothbrushes remain effective
even after wear is noticeable to the patient.!” With time,
of course, there is an inevitable decline in efficiency. Stud-
ies suggest that this occurs by the fourth month of con-
tinued use, especially at approximal sites.'® The cleansing
effectiveness of toothbrushes is maintained until pro-
nounced toothbrush wear has occurred. This implies that
patients are much more likely to dispose of a brush well
before its clinical usefulness actually ends than to contin-
ue to use a toothbrush that no longer cleans effectively.
In this regard, one manufacturer claims that its commer-
cial toothbrush (Oral-B Indicator; Oral-B Laboratories,
Inc., Belmont, California, United States) indicates when
the brush should be replaced by means of centrally lo-
cated tufts of bristles dyed with food colorant. When the
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Figure 7-4 Several different methods for interproximal
cleaning. Left to right, interdental brush, Y-shaped floss-
holder, disposable floss-holders, and end-tuft brush.

blue band fades to halfway down the bristle, it is time to
replace the brush (Fig. 7-3). The company states that this
occurs, on average, after 3 months, but that the time var-
ies depending on the individual’s brushing habits.

Parents frequently ask how often they should change
a child’s toothbrush. It is best to replace the toothbrush
when it appears well worn. This can present some prob-
lems for parents because some children, especially tod-
dlers, chew their brushes when brushing, which rapidly
gives the bristles a well-worn appearance.

FLOSS

Although toothbrushing is the most widely used method
of mechanical plaque control, toothbrushing alone can-
not adequately remove plaque from all tooth surfaces. In
particular, it is not efficient in removing interproximal
plaque, which means that interproximal cleaning beyond
brushing is necessary. Many studies have compared the
short-term benefits of flossing and toothbrushing with
those of toothbrushing alone. Surprisingly, these stud-
ies show minimal or modest differences between the two
groups in levels of gingival inflammation and new dental
caries.!??0 The short-term nature of most studies limits
their ability to detect differences. However, Corby and
colleagues did find differences in the microbial composi-
tion of dental plaques following flossing. After a 2-week
study period of 12- to 21-year-old well-matched twins,
they found that tooth and tongue brushing plus floss-
ing significantly decreased the abundance of microbial
species associated with periodontal disease and dental
caries.?! Many devices have been suggested for the inter-
proximal removal of plaque, such as interdental brushes,
floss-holders and floss, and end-tuft brushes (Fig. 7-4).
According to Mauriello and associates, there appears to
be no substantial difference among these devices in their
ability to remove plaque and their tendency to reduce
gingival inflammation when they are used properly; how-
ever, floss is the standard device with which other devices
are most often compared.?? The other devices are more
often recommended in certain unique circumstances; for
example, the interdental brush may be recommended
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Figure 7-5 Dental floss. Thin (top), tape (middle), and mesh-
work (bottom).

for orthodontic patients. Unfortunately, regular flossing
does not occur daily in most households. Chen and Ru-
binson demonstrated that daily flossing was practiced by
only 20% of mothers, 12% of fathers, and 6% of children
within families.?3 In addition, 28% of mothers, 45% of
fathers, and 48% of children never floss their teeth. Tech-
nical difficulties with flossing in children may account for
low compliance.?*

Several different types of floss are available: flavored
and unflavored; waxed and unwaxed; and thin, tape,
and meshwork (Super Floss; Oral-B Laboratories, Inc.,
Belmont, California, United States) (Fig. 7-5). Almost all
commercially available floss is made of nylon, although
floss made of Teflon material (polytetrafluoroethylene)
(Glide; W.L. Gore and Associates, Inc., Flagstaff, Arizona,
United States) is also available. The manufacturer claims
that, because the material has a lower coefficient of fric-
tion than nylon, this floss does not shred, slides easily
between tight contacts, and minimizes snapping of the
floss.

Based on the work of Bass, unwaxed nylon-filament
floss has generally been considered the floss of choice
because of the ease of passing the floss between tight
contacts, the lack of a wax residue, the squeaking sound
produced by moving the floss over a clean tooth, and the
fiber spread, which results in increased surface contact and
greater plaque removal.?®

However, more recent work clearly indicates that in-
dividual patient needs and preferences should be taken
into account before floss selection recommendations are
made. Clinical studies have shown little difference in
cleaning efficacy, comfort of use, or ease of use among
the available floss types.2%:27

With these results in mind, it may help when mak-
ing floss recommendations to parents for their children
to consider both the parent’s and the child’s preferences
and individual needs. From the perspective of patient ac-
ceptance, flavored waxed floss may be most effective. In
addition, many parents complain that their fingers are
too large for their child’s mouth. Floss-holding devices

Figure 7-6 Floss-threading device with segment of thin floss
attached.

(see Fig. 11-4) are an excellent alternative for parents
when this complaint is voiced or when the dexterity of
the parent or child prevents handholding of floss. For
orthodontic patients, the use of Super Floss or a floss-
threader (Fig. 7-6) helps in negotiating the floss under
the archwires to allow for interproximal cleaning. For
orthodontic patients, flossing is a tedious process but is
nonetheless essential to the maintenance of oral health.

POWERED MECHANICAL PLAQUE REMOVAL

The use of powered or electric toothbrushes has received
considerable attention since the 1960s. The rationale for us-
ing powered brushes is that many patients remove plaque
poorly because they lack adequate manual dexterity to ma-
nipulate the brush. The powered brushes should decrease
the need for dexterity by automatically including some
movement of the toothbrush head. However, initial stud-
ies into the plaque removal effectiveness of powered tooth-
brushes failed to demonstrate greater efficacy for powered
than for manual toothbrushes. Although improvement
was seen initially, over time the level of cleaning achieved
with powered toothbrushes declined to the same level as
that obtained with manual toothbrushes. Kerlinger refers
to this as the Hawthorne effect: almost any change or ex-
perimental manipulation will induce an improvement in
behavior, apparently because of a novelty effect.?8 The
introduction of powered toothbrushes caused an initial
increase in use, and therefore plaque and gingivitis were
controlled. Over time, however, the results were compa-
rable with those achieved with manual toothbrushes.

Use of the latest powered toothbrushes, such as the
Sonicare (Philips Oral Healthcare, Inc., Snoqualmie, Wash-
ington, United States) or the Braun Oral-B Kids’ Power
Toothbrush (D10) (Oral-B Laboratories, Inc., Belmont,
California, United States), however, may prove to be more
beneficial than the use of other toothbrushes.

The Sonicare uses sonic technology in the form of
acoustic energy to improve the plaque removal ability of
traditional toothbrush bristles. The brush has an electro-
magnetic device that drives the bristles” motions at 261
Hz, or 31,320 brush strokes per minute. Ho and Nieder-
man found that the Sonicare toothbrush was significantly
more effective than the manual toothbrush in reducing
the plaque index, gingival index, percentage of sites that
bled when probed, pocket depth, and total gram-negative
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bacteria in a subgingival plaque sample.?? Nowak and col-
leagues have demonstrated a 40% improvement in the
debris index component of the Simplified Oral Hygiene
Index in children aged 4 to 9 years who were using the
Braun Oral-B Kids’ Power Toothbrush (D10).3° Studies
by Grossman and Proskin®! and by Jongenelis and Wie-
demann?? also compared the effectiveness of electric vs.
manual toothbrushes when the toothbrushes were specifi-
cally designed for children. Both studies concluded that
the powered toothbrushes removed significantly more
plaque than the manual toothbrushes for children. Finally,
Heanue and associates performed a meta-analysis showing
that powered toothbrushes with a rotation-oscillation ac-
tion design removed more plaque and reduced gingivitis
more effectively than manual brushes in both the short
and the long term.?* No other powered toothbrush de-
signs were consistently superior to manual toothbrushes.
Subsequent meta-analyses have continued to demonstrate
a modest superiority of the rotation-oscillation action de-
sign, although its clinical significance is unclear.3+3>

The Toothbrush Acceptance Program Guidelines of the
American Dental Association (ADA) Council on Scientific
Affairs list several requirements for both manual and pow-
ered toothbrushes.3® Perhaps the main difference in re-
quirements for the two is that powered toothbrushes must
have been subjected to an examination by and met the
requirements of an appropriate technical safety laboratory
such as Underwriters Laboratories, Inc., because of their
electrical power supply.

DENTIFRICES

Dentifrices serve multiple functions in oral hygiene
through the inclusion of a variety of agents. They act
as plaque- and stain-removing agents through the use
of abrasives and surfactants. Pleasant flavors and colors
encourage their use. They have tartar control proper-
ties because of the addition of pyrophosphates. Finally,
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dentifrices have anticaries and desensitization properties
through the action of fluoride and other agents. Recently,
numerous toothpastes have been marketed that contain
additional remineralizing agents such as amorphous cal-
cium phosphate-casein phosphopeptide. A growing body
of evidence supports their use, especially in high-risk pa-
tients.37.3% A child’s dentifrice should contain fluoride,
rank low in abrasiveness, and carry the ADA seal of ac-
ceptance. In 2014 50 different fluoride-containing denti-
frices were listed as accepted dental therapeutic products
by the ADA Council on Scientific Affairs. Many of the 50
dentifrices are specifically designed and flavored to appeal
to children.

These formulations are useful because a child is more
likely to practice oral hygiene procedures if the tools to
be used are pleasing. Although the caries-preventive ef-
ficacy of fluoride toothpastes in children has been well
documented, the impact of dentifrices on children’s to-
tal fluoride intake must be considered. Adair and associ-
ates confirmed that children tend to use larger amounts
of dentifrice, brush for a longer period, and rinse and
expectorate less when using a children’s dentifrice than
when using an adult dentifrice.?” Levy and Zarei-M stud-
ied toothbrushing habits and quantities of toothpaste
used on toothbrushes in children from birth through 6
years of age. Figure 7-7 shows their results.*? This study
did not quantify the amount of toothpaste, and therefore
of fluoride, ingested from the use of a certain amount of
toothpaste on the brush. However, the investigators sug-
gest that ingestion was likely a substantial source of sys-
temic fluoride for these children during the years when a
risk of dental fluorosis is present. It is interesting to note
that many toothpaste advertisements show children with
large amounts of toothpaste on their brushes. Clearly,
this is not the perception dentists want the public to have
regarding the use of fluoridated toothpastes in young
children.

Y to% strip

Full strip

Amount of toothpaste used per brushing
(full strip equals about 1.0 mg fluoride)

Figure 7-7 Quantity of toothpaste used by children from birth to 6 years of age. (From Levy SM, Zarei-M Z: Evaluation of

fluoride exposures in children, | Dent Child 58:467-473, 1991.)
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Simard and colleagues concluded, from their study of
12- to 24-month-old children, that 20% of the children
ingested more than 0.25 mg of fluoride per day by tooth-
brushing alone.*! To reduce the chance of dental fluorosis
in children secondary to toothpaste ingestion, they sug-
gested the following. Manufacturers should market a low-
fluoride dentifrice for infants or reduce the diameter of
the tube orifice. Parents should be advised to delay the
use of fluoride dentifrices until the child is older than 36
months and to use pea-sized quantities of toothpaste. Pe-
diatricians should take into consideration all sources of
fluoride before prescribing supplements. However, recent
reviews conclude that the relationship between the risk
of fluorosis and toothpaste ingestion has been overesti-
mated.*?> Given the benefits of fluoride, the judicious use
of fluoridated toothpaste, even in young children, should
be encouraged.+>#4

DISCLOSING AGENTS

To increase the patient’s ability to remove plaque, sever-
al agents have been developed to allow for patient visu-
alization of plaque. These include iodine, gentian violet,
erythrosin, basic fuchsin, fast green, food dyes, fluoresce-
in, and a two-tone disclosing agent. Use of these agents
is particularly helpful in teaching children toothbrush-
ing techniques and educating them on the rationale
for oral hygiene. FDC red No. 28 is a plaque-disclosing
agent commonly used either as a liquid to be dabbed
onto the teeth with a cotton swab or in the form of a

chewable tablet (Fig. 7-8). Unfortunately, this dye stains
the oral soft tissues and dental pellicle, as well as the
plaque, leaving an objectionable pink discoloration that
lasts up to several hours after use. Most younger chil-
dren do not appear to be bothered by the discoloration,
but as children approach adolescence, it can become a
problem. Fluorescein-disclosing agents were developed
to address this problem, because fluorescein is not vis-
ible under normal light. Their use, however, does require
special equipment.

In a study by Lim and colleagues, four different tech-
niques were compared for clinically detecting plaque in
patients using different dietary regimens.*> Individuals in
the study population, ranging in age from 18 to 27 years,
had their plaque levels assessed using a caries probe, a
plaque-detection probe, erythrosin, and a two-tone dis-
closing agent at 3, 6, and 18 hours after their teeth had
been thoroughly cleaned. Thirty-eight patients were as-
signed to a sucrose-restricted (SR) diet in the first part of
the study and thirty-two to a sucrose-supplemented (SS)
diet in the second part of the study. At 3 hours, plaque
was detectable on more than 12% of sites in those con-
suming the SR diet and up to 23% in those on the SS diet.
After 18 hours the proportion of plaque-covered surfaces
had increased to between 52% (SR diet) and 73% (SS
diet). For minimal amounts of plaque, the disclosing
solutions were found to be the most sensitive assessment
techniques. For moderate and abundant plaque deposits,
however, the probe techniques were more sensitive.

Figure 7-8 Plaque-disclosing procedure. A, Two common forms of FDC red No. 28 disclosing agent: a liquid that is dabbed on
with a cotton swab and a chewable tablet. B, Mixed dentition in a patient before oral hygiene and use of a disclosing agent.
C, Patient before oral hygiene but after use of a disclosing agent. D, Patient after oral hygiene and use of a disclosing agent.
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The clinical significance of these data is that, in mea-
suring a patient’s oral hygiene abilities, one must assess
plaque deposits immediately after the patient has cleaned
his or her teeth. Otherwise, allowances must be made
for factors such as the time elapsed since the teeth were
cleaned and the patient’s diet. If a patient is seen several
hours after the teeth have been cleaned, the quality of
plaque control may be deemed unsatisfactory regardless of
the quality of the patient’s performance. Disclosing agents
can be valuable adjuncts for both clinical and at home use.

OTHER ADJUNCTS FOR PLAQUE CONTROL

Several other devices, such as oral irrigators and tongue
scrapers, have been suggested for routine oral hygiene.
Oral irrigators use pulsed water or chemotherapeutic
agents to dislodge plaque from the dentition. Tongue
scrapers, which are flat, flexible plastic sticks, are used to
remove bacterial and food deposits that accumulate with-
in the rough dorsal surface of the tongue. In addition,
gauze or special dental washcloths are useful in infants
to massage the gums and to remove plaque on newly
erupted teeth. Although these adjuncts add to our basic
hygiene tools, toothbrushes and floss remain the most ef-
fective means of mechanical plaque removal. Professional
recommendation of these adjuncts should be to suggest
them as supplements to and not substitutes for the basic
tools and should take into consideration the patient’s and
caregiver’s individual needs, abilities, and preferences.

TECHNIQUES

As with toothbrush design, several different types of tooth-
brushing techniques for children have been advocated over
the years. The more predominant techniques are the roll
method, the Charters method, the horizontal scrubbing
method, and the modified Stillman method.*° Anaise, in his
study of the effectiveness of these four techniques in chil-
dren from 11 to 14 years of age, describes them as follows.*”

Roll Method

The brush is placed in the vestibule, the bristle ends directed
apically, with the sides of the bristles touching the gingi-
val tissue. The patient exerts lateral pressure on the sides of
the bristles, and the brush is moved occlusally. The brush is
placed again high in the vestibule, and the rolling motion
is repeated. The lingual surfaces are brushed in the same
manner, with two teeth brushed simultaneously.

Charters Method

The ends of the bristles are placed in contact with the enam-
el of the teeth and the gingiva, with the bristles pointed at
about a 45° angle toward the plane of occlusion. A lateral
and downward pressure is then placed on the brush, and the
brush is vibrated gently back and forth a millimeter or so.

Horizontal Scrubbing Method
The brush is placed horizontally on buccal and lingual sur-
faces and moved back and forth with a scrubbing motion.

Modified Stillman Method
The modified Stillman method combines a vibratory ac-
tion of the bristles with a stroke movement of the brush
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in the long axis of the teeth. The brush is placed at the
mucogingival line, with the bristles pointed away from
the crown, and moved with a stroking motion along the
gingiva and the tooth surface. The handle is rotated to-
ward the crown and vibrated as the brush is moved.

Anaise concluded that the horizontal scrubbing meth-
od exhibited a more significant plaque-removing effect
than the roll, Charters, and modified Stillman methods.*®
This finding supports the work done by McClure*® and by
Sangnes and colleagues.*’

The horizontal scrub technique removes as much or
more plaque than the other techniques, regardless of the
child’s age and whether the brushing is performed by
the parent or the child. In addition, it is the technique
most naturally adopted by children. Therefore in most
situations the horizontal scrubbing method can be recom-
mended for brushing children’s teeth, regardless of the
brushing method.> By following a systematic approach,
as shown in Figure 7-9, the child or parent can help ensure

Figure 7-9 Systematic approach to brushing the teeth begins
with the buccal aspects of the teeth in the maxillary right
quadrant and follows the arrows. Bristles are held at 45° to
the long axis of the teeth and are directed to the gum line.
Short back-and-forth strokes are used, allowing bristles to
remain in the same place. The handle of the brush is placed
parallel to the biting surfaces except when one is brushing
the lingual aspects of the anterior teeth and the posterior
aspects of the last tooth in each quadrant, when a heel-toe
direction of brushing is used. (Courtesy of Dr. Paul Starkey.)
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that all areas of the mouth are cleaned. Notice also on this

figure the positioning of the brush head on the lingual

surfaces of the anterior teeth and on the distal aspect of
the most posterior tooth in each quadrant.
For flossing, the following technique is recommended

(Fig. 7-10):

1. A 46- to 61-cm (18- to 24-inch) length of floss is
obtained, and the ends are wrapped around the
patient’s or parent’s middle fingers. Floss should be
long enough to allow the thumbs to touch each other
when the hands are laid flat.

2. The thumbs and index fingers are used to guide the
floss as it is gently “sawed” between the two teeth to
be cleaned. Care must be taken not to snap the floss
down through the interproximal contacts, to avoid
gingival trauma.

3. The floss is then manipulated into a C shape around
each tooth and moved in a cervical-occlusal recip-
rocating motion until the plaque is removed. In
between the cleaning of each pair of teeth, the floss
is repositioned on the fingers so that fresh, unsoiled
floss is used at each new location.

Learning a flossing technique is difficult and takes
some practice. Some children and their parents prefer
to make a loop of floss. Tying the two ends of the floss
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together, instead of wrapping it around their fingers, as-
sists them in holding and controlling the floss. However,
Rodrigues and colleagues demonstrated that, even when
the looped floss technique is used, a training program is
required for children from 6% to 7% years of age if a sig-
nificant reduction is to be achieved in proximal surface
dental plaque indices.>!

VISUAL-MOTOR SKILL MASTERY

Several attempts have been made to develop specific rec-
ommendations for when children can begin performing
oral hygiene procedures themselves with adequate effec-
tiveness. Terhune stated that the variables of age, gender,
and eye-hand coordination could not precisely predict
when particular children were ready to learn an effective
dental flossing technique.>?> However, all 8- to 11-year-old
children in his study learned how to use dental floss ef-
fectively within 10 days. Mescher and associates found
that hand function was an age-related factor in children’s
ability to perform sulcular toothbrushing, but that hand
function test scores were not accurate predictors of an in-
dividual’s toothbrushing ability.>?

Preisch, however, using a visual-motor integration
developmental test, did find a significant relationship
between developmental age and oral hygiene scores.>*

Figure 7-10 Flossing technique. A, The length of floss is wrapped around the middle fingers of each hand. B, Enough floss
should be left between the middle fingers to allow the thumbs to touch when the hands are laid flat. C, The index fingers and
thumbs are used to manipulate the floss. D, The floss is carefully placed in a C shape between the interproximal contacts and

gently “sawed” up and down until each tooth surface is clean.
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Significant correlations were shown between the chil-
dren’s ability to copy geometric forms and their academic
achievement and motor skill level. Higher levels of think-
ing and behavior require integration among sensory in-
puts and motor action. A child can have well-developed
visual and motor skills but may be unable to coordinate
the two. Although both chronologic and developmental
ages were found to be predictors of plaque removal abil-
ity, only developmental age demonstrated statistically
significant predictive power. Because of the complexity
of this test, however, we are left without a practical meth-
od for making recommendations to parents as to when
their child can begin brushing unsupervised. As Preisch
laments, many dentists use anecdotal accounts and tell
parents to supervise their children’s brushing until the
children can color within the lines, tie their own shoe-
laces, or cut through a tough piece of meat.>* However,
this may still be our best practical recommendation.

TIME CONSIDERATIONS

Another of the important questions regarding home oral
health care involves time considerations in oral hygiene
practices. How often and for how long should patients brush
and floss their teeth? In discussing frequency of oral hygiene
procedures, Loe suggests that oral cleanliness should be re-
garded as a defined state in which all surfaces of all teeth are
plaque-free.>> He states that it may not be surprising to find
that complete removal of plaque once daily or every second
day, or possibly even once every third day, is more valu-
able in preventing dental disease than performing two or
three inadequate brushings per day. Indeed, Lang and col-
leagues observed that completion of effective oral hygiene
procedures at intervals of up to 48 hours is compatible with
gingival health.>¢ Studies addressing the relation between
the frequency of hygiene procedures and caries experience
in children have yielded inconclusive results.

In addition to optimal brushing frequency, the most
efficacious length of brushing time has been investigated.
In a study by Hodges and colleagues, 84 children from 5
to 15 years of age brushed their teeth with a fluoridated
dentifrice for 30, 60, 120, or 180 seconds.>” The results of
the study suggested that, statistically, a 1-minute brush-
ing period provides the greatest plaque removal benefit
of all time periods tested. Indeed, Honkala and colleagues
concluded that time spent toothbrushing was more im-
portant than the frequency of brushing.>8

The following recommendations are made based
on the preceding information. In children, thorough
oral hygiene procedures should be performed at least
once daily, preferably twice, with parental supervision.
Teeth should be brushed for at least 1 minute with a
fluoridated dentifrice; flossing and other plaque remov-
al activities are added to this time. If oral hygiene is
accomplished only once per day, it should be the last
thing the child does before bedtime at night. Because
the flow of saliva and its buffering capacity are reduced
during sleep, it is advantageous to remove plaque before
bedtime. In addition, the development in children of
a learned behavior performed at a specific time of day,
each and every day, will be helpful throughout child-
hood and into adulthood.
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CHEMOTHERAPEUTIC PLAQUE CONTROL

Although the use of mechanical therapy for plaque con-
trol can provide excellent results, it is clear that many
patients are unable, unwilling, or untrained to practice
routine effective mechanotherapy. In addition, certain pa-
tients with dental diseases (e.g., periodontitis) or medical
diseases (e.g., immunocompromised conditions) require
additional assistance beyond mechanotherapy to main-
tain a normal state of oral health. Because of this, che-
motherapeutic agents have been developed as adjuncts in
plaque control.

Van der Ouderaa has stated that the ideal chemothera-
peutic plaque control agent should have the following
characteristics®:

e Specificity only for the pathogenic bacteria

e Substantivity—the ability to attach to and be retained
by oral surfaces and then be released over time with-
out loss of potency

e Chemical stability during storage

e Absence of adverse reactions, such as staining or mu-
cosal interactions

e Toxicologic safety

e Ecologic safety so as not to alter the microbiotic flora
adversely

e FEase of use

No agent has yet been developed that has all of these
characteristics.

There are several main routes of administration of an-
tiplaque agents designed for home use. They are mouth-
washes, dentifrices, gels, irrigators, floss, chewing gum,
lozenges, and capsules. All of these are designed for lo-
cal, supragingival administration, except the irrigator and
capsule delivery methods. The irrigators can provide both
supragingival and subgingival delivery. The capsules are
designed for systemic distribution.

Both van der Ouderaa,”® Mandel,°© and Gunsolley®!
provided excellent reviews of the various chemotherapeu-
tic agents and their uses. Box 7-1 is adapted from those
reviews. Space does not allow for a complete discussion
of the agents listed in this box; however, a few pertinent
subjects are addressed. Recent systematic reviews provide
additional insight into the effectiveness of chemothera-
peutic agents, their mechanisms of action, and their suit-
ability for clinical practice.6!-63

ANTISEPTIC AGENTS

The antiseptic agents used in chemotherapeutic plaque
control have been shown to exhibit little or no oral or
systemic toxicity in the concentrations used. Virtually no
drug resistance is induced, and in most instances these
agents have a broad antimicrobial spectrum. Chlorhexi-
dine, a positively charged organic antiseptic agent, has
received considerable attention and study because of its
ability to reduce plaque and gingivitis scores. It has strong
substantivity, binding well to many sites in the oral cav-
ity and maintaining an ongoing antibacterial presence.
Chlorhexidine binds with anionic glycoproteins and
phosphoproteins on the buccal, palatal, and labial mu-
cosa, and the tooth-borne pellicle. Its antibacterial effects
include binding well to bacterial cell membranes, increasing
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Chemotherapeutic Plaque Control Agents

ANTISEPTIC AGENTS

Positively Charged Organic Molecules: Quaternary
ammonium compounds—cetylpyridinium chloride
Pyrimidines—hexedine

Bis-biguanides—chlorhexidine, alexidine

Noncharged Phenolic Agents: Listerine (thymol, euca-
lyptol, menthol, and methylsalicylate), triclosan, phenol,
and thymol

Oxygenating Agents: Peroxides and perborate
Bis-Pyridines: Octenidine

Halogens: lodine, iodophors, and fluorides

Heavy Metal Salts: Silver, mercury, zinc, copper, and tin

ANTIBIOTICS
Niddamycin, kanamycin sulfate, tetracycline hydrochlo-
ride, and vancomycin hydrochloride

ENZYMES
Mucinases, pancreatin, fungal enzymes, and protease

PLAQUE-MODIFYING AGENTS
Urea peroxide

SUGAR SUBSTITUTES
Xylitol, mannitol

PLAQUE ATTACHMENT INTERFERENCE AGENTS
Sodium polyvinylphosphonic acid, perfluoroalkyl

their permeability, initiating leakage, and precipitating
intracellular components.

An abundance of clinical trials supports its efficacy
in reducing plaque and gingivitis scores in conjunction
with routine oral hygiene. Van Strydonck and colleagues
recently reviewed 30 clinical trials comparing the use of
chlorhexidine mouthrinses with that of placebo/control
mouthrinses or oral hygiene for greater than 4 weeks. Meta-
analysis of studies with a low risk of author-estimated bias
showed a 33% reduction in plaque with chlorhexidine
and a 26% reduction in gingivitis relative to control. CHX
rinsing groups did show higher levels of staining.®* Clini-
cal trials specifically targeting children have also shown
significant reductions in plaque and gingivitis scores.5>°
The benefits of chlorhexidine mouthrinses and varnishes
with respect to caries prevention are inconclusive, especially
in children with regular fluoride exposure.®’.8 Children
with low fluoride exposure may benefit from chlorhexi-
dine varnish application (Fig. 7-11).%7

Chlorhexidine spray has stimulated interest regarding
its use in populations with disabilities because of its ef-
fectiveness and ease of administration. Burtner and col-
leagues demonstrated a 35% reduction in plaque levels
with use of the spray compared with placebo use in a
study of 16 institutionalized adult males with severe and
profound mental retardation.®® Chikte and colleagues
conducted a 9-week, double-blind, randomized, crossover
clinical trial involving 52 institutionalized individuals
from 10 to 26 years of age and with mental disabilities. By

Gl
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| 80.4%
A B Cc D

*P < 0.05
Figure 7-11 Mean gingival index (Gl) in four groups of
schoolchildren rinsing with chlorhexidine digluconate
(CHX) or placebo solution for 6 months under supervision.
Clear bars, before treatment; screened bars, after treatment.
Group A, 0.2% CHX 6 times weekly; group B, 0.2% CHX 2
times weekly; group C, 0.1% CHX 6 times weekly; group D,
placebo 6 times weekly. (From Lang NP et al: Effects of su-
pervised chlorhexidine mouthrinses in children, | Periodontal
Res 17:101-111, 1982.)

the end of the trial, plaque and gingival indices had been
reduced by 48% and 52%, respectively, in the group treat-
ed with a stannous fluoride spray.’’ In the group treated
with chlorhexidine spray, reductions in plaque and gingi-
val indices were 75% and 78%, respectively.

In addition to its use in institutionalized patients with
mental retardation, chlorhexidine has been studied for
its use in immunocompromised patients. Clinical trials
of its efficacy in preventing or ameliorating oral muco-
sitis have produced conflicting results.”l72 A recent evi-
dence-based analysis suggested that the evidence for its
use in immunocompromised children for the prevention
of mucositis is equivocal, and therefore its use could not
be recommended.”? The use of positively charged anti-
plaque agents has been hampered by adverse reactions
such as staining of teeth, impaired taste sensation, and
increased supragingival calculus formation. Different
attempts have been made to decrease these side effects,
such as alteration of dietary habits, increase in mechani-
cal plaque removal efforts, and use of hydrogen peroxide
solutions in conjunction with the antiseptic agent. Con-
tinued research is needed to find methods to limit these
adverse reactions.

The most widely known noncharged phenolic anti-
septic agent is Listerine (Pfizer Warner Lambert Division,
Morris Plains, New Jersey, United States). It has demon-
strated a long history of efficacy and was among the origi-
nal antiseptic agents studied by W.D. Miller in 1890.3 In
addition, it was the first over-the-counter mouthrinse to
be accepted by the ADA Council on Dental Therapeutics
for its help in controlling plaque and gingivitis.>¢ Despite
its long history of use, most studies have shown chlorhex-
idine to be significantly more effective than Listerine in
reducing plaque and gingivitis indices.°!-3 Listerine tends
to give patients a burning sensation, and it has a bitter
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Figure 7-12 Mean indices in five groups of eight individuals refraining from oral hygiene for 21 days and rinsing with 0.12%
chlorhexidine digluconate (CHX), 0.075% cetylpyridinium chloride (CPC), Listerine, sanguinarine, or placebo. A, Mean plaque
index (PLI). B, Mean gingival index (GI). €, Mean discoloration index (DI). (From Lang NP, Brecx MC: Chlorhexidine diglu-
conate: an agent for chemical plaque control and prevention of gingival inflammation, J Periodontal Res 16 [Suppl 21]:74-89,

1986.)

taste. Lang and Brecx have summarized the changes in
plaque index, gingival index, and discoloration index
scores resulting from the use of four well-known chemo-
therapeutic plaque control agents (Fig. 7-12).7# The effects
of two daily 10-mL rinses with 0.12% chlorhexidine di-
gluconate, the quaternary ammonium compound cetyl-
pyridinium chloride, the phenolic compound Listerine,
or the plant alkaloid sanguinarine were compared with
those of rinses with a placebo. All rinses were supervised

by registered dental hygienists during these 21-day stud-
ies. The participants were divided into five groups of eight
individuals each and were instructed to refrain from oral
hygiene during the 21 days. Although the sanguinarine,
Listerine, and cetylpyridinium chloride inhibited plaque
formation to some extent, they did not prevent gingivitis
significantly more than did the placebo. The chlorhexi-
dine, however, maintained the preexperimental gingival
index scores throughout the 21 days. Unfortunately, all of
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the antiseptics demonstrated higher discoloration index
scores than the placebo. As can be seen in Figure 11-12, C,
chlorhexidine had the second highest discoloration score
of the four agents. Not surprisingly, studies have shown
improvement in plaque and gingivitis when antiseptic
rinses are used in conjunction with dentifrices compared
with dentifrice use alone.”576

Listerine has one of the highest alcohol contents of
any mouthwash at approximately 25%. The alcohol con-
tent of some mouthwashes has been the cause for some
concern. Although the development of oral and pha-
ryngeal cancer with long-term mouthwash use has been
investigated, alcohol intoxication is more relevant to pe-
diatric dentistry. In addition, the relationship of alcohol-
containing mouthwashes to oral carcinomas is equivocal.
Alcohol intoxication of children and adolescents from
mouthwashes is a concern because of the products’ avail-
ability. Most parents do not recognize the potential harm
from these rinses. Selbst and associates reported the case
of a 4-year-old boy who died after consuming approxi-
mately 12 ounces of a 10% alcohol mouthwash.”” They
advocated for stronger legislation that would restrict the
level of alcohol in substances that might be available to
children and for continued education of practitioners and
parents regarding the potential lethality of most mouth-
washes so that accidental ingestions are prevented. One
consumer advocacy group states that it is inconsistent
for cough and cold products with 12% alcohol to have
child-resistant tops when some mouthwashes with even
higher alcohol content have “designer” shot-glass tops.
The ADA Council on Dental Therapeutics requires any
mouthrinses that carry the ADA seal of acceptance and
contain more than 5% ethyl alcohol to be packaged in
bottles with child-resistant caps. Since 1995 such prod-
ucts in the United States have been legally required to
have child-resistant packaging, with a documented reduc-
tion in these events.”®

Chitosans are another cationic antimicrobial finding
their way into oral health care. They are derived from the
shells of shrimp and other crustaceans and appear to re-
duce biofilm viability.”®

A few comments regarding the use of fluoride as a hal-
ogen antiseptic plaque control agent are appropriate here,
although its use in dentistry is discussed in other portions
of the text. The fluoride ion inhibits the carbohydrate
use of oral organisms by blocking enzymes involved in
the glycolytic pathway; however, at preventive-use lev-
els it probably does not alter the plaque ecosystem. As
mentioned earlier, stannous fluoride can produce reduc-
tions in plaque and gingivitis scores approaching those of
chlorhexidine, but this effect is caused by the tin content
of this salt, not the fluoride content. It is interesting to
note that two antiseptic agents, chlorhexidine and tri-
closan, have been incorporated into dentifrice formula-
tions.®”

ENZYMES, PLAQUE-MODIFYING AGENTS, AND
PLAQUE ATTACHMENT INTERFERENCE AGENTS

Enzyme systems intended to alter plaque architecture and
adherence, as well as enzymes designed to generate antibac-
terial products, have been investigated. However, problems

associated with the long-term stability of enzyme mole-
cules in environments with potentially high concentra-
tions of alcohol or surfactants have yet to be addressed. The
use of urea peroxide as a plaque-modifying agent has been
investigated because of its increased stability over hydrogen
peroxide and the protein denaturation effect of urea. Only
limited success has been demonstrated. The use of agents
designed to interfere with the initial adherence of bacteria
to the salivary pellicle or the subsequent accumulation by
growth and interbacterial adherence seems encouraging.
Delmopinol, derived from orpholinoethanol, exerts its ef-
fects by binding to salivary proteins and altering the cohe-
sive and adhesive properties of the films formed.

Although these areas may hold promise for future che-
motherapeutic control of plaque, additional research is
needed.

SUGAR SUBSTITUTES

The use of sugar substitutes such as xylitol, mannitol,
sucralose, and aspartame has been advocated. Although
Park and colleagues have shown that sugar substitutes can
have a positive influence on plaque pH, the intrinsic an-
tiplaque activity is much lower than that of other plaque
control agents.’0 These agents have been suggested for
use in chewing gum to decrease plaque accumulation and
pH. Advocating the use of chewing gum as a preventive
technique is not without controversy, however. Hoerman
and colleagues demonstrated that, in a no-oral-hygiene
environment, plaque accumulation was lower when gum
with sucrose or sorbitol was chewed than when gum was
not chewed.8! In addition, Isokangas and associates car-
ried out a 2-year study of 11- and 12-year-old children
with moderate and decreasing caries prevalence.®? They
demonstrated that the combination of xylitol gum chew-
ing and fluoride use resulted in a significantly lower inci-
dence of caries than that achieved with fluoride use alone.
Research into the use of sugar substitutes as plaque con-
trol agents continues.®3

One final comment is in order. Because of conflicting
results published on the effectiveness of the commercially
available prebrushing rinse containing sodium benzoate,
it is not included in the list of chemotherapeutic plaque
control agents. In addition, it is not accepted by the ADA.
O’Mullane suggests that the positive results found for this
prebrushing rinse may stem purely from the advantage
of rinsing with water before brushing.®* The idea of using
water to help remove plaque is not new. The “swish-and-
swallow” method of removing material from the mouth
immediately after eating in circumstances where brush-
ing is impractical has been advocated for a long time.
Ciancio recommends that, when a product is selected for
a patient, consideration be given to necessity, efficacy, ad-
verse effects, and cost-effectiveness.8>

AGE-SPECIFIC HOME ORAL HYGIENE
INSTRUCTIONS

The appropriateness and effectiveness of home oral hy-
giene procedures change throughout childhood. Specific
age-related home oral hygiene recommendations are de-
scribed in the following sections. It is necessary to involve
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the parent at some level in the oral hygiene procedure for
each of the age categories.

PRENATAL COUNSELING

The best time to begin counseling parents and establish-
ing a child’s dental preventive program is actually before
the birth of the child. This is beneficial for numerous
reasons. For an expectant couple, particularly if the child
is their first, this is a time in their lives when they are
most receptive to preventive health recommendations.
These parents-to-be become acutely aware of their child’s
dependence on them for all nurturing and health care
needs. Parents have a strong instinct to provide the best
that they can for their child. Counseling them on their
own hygiene habits and the effect they can have on their
children as role models will aid in improving both the
parents’ and the child’s oral health. Discussing pregnancy
gingivitis with the mother-to-be and dispelling some of
the myths about childbirth and dental health can be ben-
eficial. In addition, a review of infant dental care is useful
for the expectant parents.

INFANTS (BIRTH TO 1 YEAR OLD)

It is important that a few basic home oral hygiene pro-
cedures begin during the child’s first year of life. There is
general agreement that plaque removal activities should
begin when the first primary teeth erupt. Some practi-
tioners recommend cleaning and massaging of the gums
before this, to help in establishing a healthy oral flora and
to aid in teething. This early cleaning must be done to-
tally by the parent. It can be accomplished by wrapping
a moistened gauze square or washcloth around the finger
and gently massaging the teeth and gingival tissues. The
child can be positioned in numerous ways during this
procedure, but cradling the child with one arm while mas-
saging the teeth with the hand of the other may be the
simplest and provides the infant with a strong sense of
security (Fig. 7-13). This procedure should be performed

Figure 7-13 Arm-cradled position of child for effective
cleansing of the oral cavity. This figure shows the use of a
gauze square for wiping the child’s dentition and gingival
tissues.
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once daily. Generally, other plaque removal techniques
are not necessary. The introduction of a moistened, soft-
bristled, child- or infant-sized toothbrush during this age
is advisable only if the parent feels comfortable using the
brush. The use of a dentifrice is neither necessary nor
advised, as the foaming action of the paste tends to be
objectionable to the infant. Because fluoride ingestion is
possible, however, use of a nonfluoridated tooth and gum
cleanser may be beneficial.

The child’s first visit to the dentist should take place
during this period. The American Academy of Pediatric
Dentistry recommends that parents or caregivers establish
a dental home for infants by 12 months of age.8¢ When
the child has special dental needs, such as medical prob-
lems or trauma, this visit can be sooner. Several objectives
are accomplished at this visit. Certainly, instruction of
the parents in the use of the oral hygiene practices men-
tioned herein is necessary. In addition, an infant dental
examination and fluoride status review should be accom-
plished, dietary issues related to nursing and bottle caries,
as well as other health concerns, should be addressed,
anticipatory guidance should be provided, and caries
risk assessment should be accomplished. These subjects
are discussed in more detail in other sections of this text.
These first dental visits are also a time for the child to
become familiar with the dental environment and the
dental staff and the dentist, which makes any future
dental treatment less anxiety-provoking.

TODDLERS (1 TO 3 YEARS OLD)

During “toddlerhood,” the toothbrush should be in-
troduced into the plaque removal procedure if this was
not accomplished previously. Because of the inability of
children in this age group to expectorate and because of
the potential for fluoride ingestion, careful and minimal
(a “smear” of toothpaste on the brush) introduction of
fluoridated dentifrice can be used in 2- and 3-year-olds.
Most children enjoy imitating their parents and will read-
ily practice toothbrushing. Adequate plaque removal is
not usually accomplished by the child alone, however.
Although the child should be encouraged to begin rudi-
mentary brushing, the parent remains the primary care-
giver in these hygiene procedures. The use of additional
instruments for plaque control is generally unnecessary,
although flossing may be needed if any interproximal
contacts are closed. The use of a flossing aid may also be
indicated.

Positioning of the child and parent is again impor-
tant. Although most children enjoy brushing their own
teeth, many are resistant to allowing anyone else to do
the brushing. Several positions can be used by the par-
ent, but the lap-to-lap position, as shown in Figure 7-14,
allows one adult to control the child’s body movements
while the other adult brushes the teeth. Notice how the
child’s arms and legs are controlled with the hands and
elbows of the adult responsible for body movements. The
parents should be encouraged to make this a special time
for the child and to praise the child as much as possible.
For single-parent households, a one-adult position often
becomes necessary. In this situation the parent sits on the
floor with his or her legs stretched out in front, and the
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child is positioned between the legs. The child’s head is
placed between the thighs of the parent, with the child’s
arms and legs carefully controlled by the legs of the par-
ent. This position is a little awkward, but for a young child
resistant to oral hygiene, it does allow these procedures to
be accomplished.

PRESCHOOLERS (3 TO 6 YEARS OLD)

Although children in the preschool age range begin to
demonstrate significant improvements in their ability to
manipulate the toothbrush, it is still the responsibility
of the parent to be the primary provider of oral hygiene

SF‘* rﬂ“

Figure 7-14 Lap-to-lap position of child. Two adults sit with
knees touching, using their laps as a table on which to rest
the child. The adult on the right holds the child’s legs and
arms, while the adult on the left performs the oral hygiene
procedures.

Figure 7-15 Only a smear of fluoride toothpaste (size of

a rice grain, left) should be used for children under age 3
years of age, and no more than a pea size of fluoride tooth-
paste should be used for children from 3 to 6 years of age

(right).

procedures. All too often, parents of these children feel
that the child has adequately achieved the skills necessary
to clean the teeth. It is important to stress to the parents
that they must continue to brush their child’s teeth. Al-
though fluoride ingestion remains a concern for this age
group, during this time, most children develop the skills
to expectorate toothpaste adequately. Until this occurs, it
is important for parents to use only a pea-sized amount of
toothpaste on the child’s brush (Fig. 7-15). In addition, it
is during this age that flossing is most likely to begin. As
mentioned previously, if the interproximal contacts are
closed, the parent must begin flossing procedures. In the
primary dentition, the posterior contacts may be the only
areas where flossing is needed. The closure of the spaces
between the primary molars tends to occur somewhere
near the start of this age range. If any interproximal area
has tooth-to-tooth contact, however, daily flossing of that
area becomes necessary.

Proper positioning of the child continues to be useful
for this age group in performing oral hygiene. One meth-
od advocated is that in which the parent stands behind
the child and both face the same direction. The child rests
his or her head back into the parent’s nondominant arm.
With the hand of this arm, the parent can retract the
child’s cheeks and use the other hand to brush. This posi-
tion is also appropriate for flossing. To brush their child’s
teeth, many parents use a frontal approach, which is awk-
ward and provides little head support. This positioning
technique should be discouraged.

It is also during this stage that fluoride gels and rinses
for home use may be introduced. Because of the risk of
ingestion, however, these agents should be used in small
quantities, and their use should be limited to those pa-
tients demonstrating a moderate to high risk of caries.
The use of other chemotherapeutic plaque control agents
is generally not recommended.

SCHOOL-AGED CHILDREN (6 TO 12 YEARS OLD)

The 6- to 12-year stage is marked by acceptance of increas-
ing responsibilities by the children. The need to assume
responsibility for homework and household chores tends
to occur during this time. In addition, the child can begin
to assume more responsibility for oral hygiene. Parental
involvement is still needed. However, instead of perform-
ing the oral hygiene, parents can switch to active supervi-
sion. By the second half of this stage, most children can
provide their basic oral hygiene (brushing and flossing).
Parents may find they need to brush or floss their child’s
teeth only in certain difficult-to-reach areas of the mouth
or if there is a compliance problem. Parents do need to
actively inspect their child’s teeth for cleanliness on a
regular basis. One helpful adjunct is the use of a disclos-
ing agent. After the child has brushed, flossed, and used
the disclosing agent on his or her teeth, the parent can
easily visualize any remaining plaque and assist the child
in removing it.

By this age, ingestion of fluoridated materials, such as
dentifrices, gels, or rinses, is not as pronounced a con-
cern because these children are able to expectorate well.
Certainly the use of fluoridated dentifrices is essential;
however, fluoridated gels and rinses can be reserved for
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those children at risk for caries. In addition, the use of
chlorhexidine or Listerine can be introduced to those at
risk for periodontal disease and caries, although some
children who might benefit from these chemotherapeutic
agents will find their use objectionable.

Because early treatment of malocclusions has in-
creased, this age group has undergone more of this treat-
ment and experienced its accompanying increased risk
for caries and periodontal disease. Special attention to
oral hygiene is necessary for these patients. Increased fre-
quency and adequacy of brushing and flossing become
necessary. Although fluoridated dentifrices provide cost-
efficient fluoride exposure, the use of fluoridated gels or
rinses is strongly encouraged. In addition, as with other
patients at risk for caries and periodontal disease, the use
of chemotherapeutic agents and adjuncts such as oral
irrigators is recommended. Feil and colleagues published
an interesting study on the intentional use of the Haw-
thorne effect to improve oral hygiene compliance in
orthodontic patients.8” Forty adolescent orthodontic pa-
tients with histories of poor oral hygiene were assigned
to one of two groups. Those in the experimental group
were presented with a situation that stimulated participa-
tion in an experiment, whereas the control individuals
had no knowledge of study participation. Although there
were no statistically significant differences between the
control and the experimental groups at baseline, those
in the experimental group showed significantly lower
plaque scores at 3 months and again at 6 months. The
experimental participants had significantly improved oral
hygiene, which suggests that the Hawthorne effect (par-
ticipating in an “experimental study”) caused the adoles-
cent patients to pay more attention to oral hygiene and
therefore to do a better job.

ADOLESCENTS (12 TO 19 YEARS OLD)

Although the adolescent patient usually has developed
the skills for adequate oral hygiene procedures, compli-
ance is a major problem during this age period. Griffen
and Goepferd point out that motivating an adolescent
to assume responsibility for personal oral hygiene may
be complicated by reactions of rebellion against exter-
nal authority and some incapacity to appreciate long-
term consequences.®® Macgregor and Balding’s survey of
4075 children 14 years old suggests a positive relationship
between self-esteem and toothbrushing behavior and
motivation for mouth care in adolescents.®” Because self-
esteem declines between the ages of 11 and 14 and then
shows a gradual improvement into adulthood, it is not
hard to understand why plaque control in these patients
declines. In addition, poor dietary habits and pubertal
hormonal changes increase adolescents’ risk for caries
and gingival inflammation.

Therefore it is important for practitioners and parents
to continue to help and guide adolescents as they progress
through this difficult stage. Stressing the children’s in-
creased responsibility as young adults without appearing
authoritarian can aid them in accepting their new role.
The parents must be ready to adapt to their child’s chang-
ing personality and to continue to reinforce the need for
oral health care and hygiene. Increasing the adolescents’

= Mechanical and Chemotherapeutic Home Oral Hygiene 135

knowledge regarding plaque control and oral diseases, as
well as appealing to their appearance, may also help in
motivating these patients.

IN-OFFICE ORAL HYGIENE PROGRAMS

Preventive dentistry is the foundation on which all oral
health care must be built. In establishing this foundation
for their patients, practitioners must first look at them-
selves and their office environment. Each practice must
establish a preventive philosophy that is evident through-
out the patient’s encounter with the dental office. This
means that the dentist, the staff, and the practice systems
and design must reflect this concept. All staff members
must have a personal understanding and appreciation of
the importance of this basic concept. This must be evi-
dent in their personal hygiene and in their routine inter-
actions with patients.

After this introspective look and adjustment the practi-
tioner can turn to the patient directly. Ong discusses several
basic concepts for developing a plaque control program in
the dental office.”® Gathering information from the child
and parent is necessary for the practitioner to understand
their concerns and to let them know that he or she un-
derstands these concerns. By discussing the patient’s and
parents’ needs, and listening to and observing their reac-
tions, the practitioner can gauge their readiness to begin
the plaque control program. Dental education of the parent
and child should be accomplished next, with tailoring
to the patient’s individual problem. Describing exactly
why oral hygiene is important in the patient’s particular
case can help with motivation. The information should
be delivered in simple terms and with enthusiasm and
conviction. It also needs to be conveyed to the child in
age-appropriate language.

When specific age-appropriate oral hygiene instruc-
tions are given, it is important to be positive and reas-
suring, not critical. Use phrases like “Let me show you
how to improve,” rather than saying, “You're doing it
all wrong.” Be gentle but firm, and enlist the parents’
and patient’s help in the treatment plan and therapy.
Setting goals and complimenting achievements will as-
sist in keeping the parents’ and patient’s attitudes posi-
tive. It is very useful to be open to parental and patient
feedback regarding their priorities and progress. As with
many long-term commitments, cyclic participation can
be expected and accepted to a certain extent. However,
the parents and patient must know the consequences
of neglect. Finally, establishment of a regular mainte-
nance schedule is imperative. Along with prophylaxis,
reinstruction and remotivation in the plaque control
program are necessary elements for success. Recare in-
tervals should be personalized to the individual patient’s
needs, with consideration of factors such as: caries and
periodontal disease risk; restorative, orthodontic, and
prosthetic concerns; and individual patient and parental
dental education and skill levels. It is the responsibility
of every dental practitioner to make oral hygiene and
prevention the core of his or her practice. By listening
to, educating, adapting to, and motivating our patients
and their parents, we can make our preventive practices
successful and enjoyable.
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his chapter focuses on healthful dietary and nutri-

tional practices for dental patients presented with-

in the framework of a Pediatric Dentistry textbook.
It is obvious that eating nutritiously promotes not only
healthy teeth and gums but also a healthy body. Con-
temporary research continues to demonstrate that pursu-
ing nutritious eating behaviors is essential in maximizing
health, vitality, and longevity.

Heart disease and cancer top the list of the leading
causes of death in the United States, with chronic ob-
structive pulmonary disease and stroke filling the 3rd and
4th spots, respectively.! However, three major lifestyle
choices are the underlying causes of these diseases: using
tobacco products, leading a sedentary lifestyle, and mak-
ing poor dietary choices. Clearly, both what we eat and
what we do not eat are major factors affecting the length
and quality of our lives. The basis of our dietary choices
is established early in life, and these food choices and
dietary patterns will affect our health and well-being at
every stage of life. There are many ways in which health
professionals can promote the health of their patients.
One means is to educate them and their caregivers regard-
ing proper eating behaviors.

Research studies show that individuals who live in
countries bordering the Mediterranean Sea live long-
er and are less prone to a variety of diseases than are
those residing in other countries. This is often attributed
to the consumption of a diet rich in fruits, vegetables,
nuts, whole grains, legumes, and olive oil and low in
red meat, sugar, and saturated fat. Eating in this man-
ner provides many health benefits, especially when these
dietary patterns are combined with regular physical ac-
tivity. Although a cause-effect relationship has not been
conclusively demonstrated, an association does exist
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between consumption of the Mediterranean diet and
good health outcomes.? Eating a Mediterranean diet re-
sults in better control of body weight and blood pressure
and assists in the more effective regulation of blood sugar
and cholesterol levels. The Mediterranean dietary pattern
also provides protection against cardiovascular diseases,
Parkinson’s disease, Alzheimer’s, type 2 diabetes, and cer-
tain types of cancer. It is enlightening to compare life ex-
pectancy data between the United States and several of
the countries located in the vicinity of the Mediterranean
Sea (Table 8-1) to determine how those who regularly
consume such a diet compare with those who do not.?
Although several factors may contribute to these differ-
ences in life expectancy, the United States ranks behind
four Mediterranean countries in this regard. On average,
American men live 3.3 fewer years than do their Italian
counterparts, with American women some 3.6 years be-
hind Italian women. Although not conclusive, analysis of
the data (see Table 12-1) supports the potential value of

Table 8-1

Life Expectancy Comparison

MEAN LIFE EXPECTANCY (IN

COUNTRY YEARS) AT BIRTH BY GENDER
Men Women
Italy 79.2 84.5
France 78.2 84.8
Spain 78.2 84.4
Greece 77.4 82.7
United States 75.9 80.9
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Table 8-2

Healthy People 2020 selected nutritional goals

Objective Baseline Target

NWS-1 Increase the number of States with nutrition standards for foods and beverages 24 34
provided to preschool-aged children in child care

NWS-2.1 Increase the proportion of schools that do not sell or offer calorically sweetened 9.3% 21.3%
beverages to students

NWS-2.2 Increase the proportion of school districts that require schools to make fruits or 6.6% 18.6%
vegetables available whenever other food is offered or sold

NWS-3 Increase the number of States that have State-level policies that provide incentives 8 18
to food retail outlets to provide foods that are encouraged by the Dietary Guidelines for
Americans

NWS-10.4 Reduce the proportion of children and adolescents aged 2 to 19 years who are 16.1% 14.5%
considered obese

NWS-12 Eliminate very low food security among children (% of households) 1.3% 0.2%

NWS-14 Increase the contribution of fruits to the diets of the population aged 2 years and 0.5* 0.9*
older; *cup equivalent per 1000 calories

NWS-15.1 Increase the contribution of total vegetables to the diets of the population aged 0.8* 1.1*
2 years and older; *cup equivalent per 1000 calories

NWS-20 Increase consumption of calcium in the population aged 2 years and older 1119 mg 1300 mg

the Mediterranean style of eating as an important factor
in promoting health and longevity.

In the United States, the Healthy People 2020 docu-
ment provides evidence-based goals and 10-year bench-
marks to guide national health promotion and disease
prevention efforts to improve the health of all Americans
in the upcoming decade. Released in 2010 by the U.S. De-
partment of Health and Human Services,* it builds on the
accomplishments of three decades of previous Healthy
People initiatives. Objectives under the topic of Nutrition
and Weight Status support consumption of a healthful diet
and maintenance of a healthy body weight, and recognize
that factors that are critical to the adoption of healthy life-
styles include individual suggestions as well as the policies
and environments that support such behaviors. Table 8-2
summarizes key objectives related to pediatric nutrition.

The 2010 Dietary Guidelines for Americans promul-
gated by the U.S. Department of Agriculture (USDA) sup-
port the objectives in the Healthy People documents and
emphasize the following major goals for Americans:

e Balance calories with physical activity to manage weight
e Consume more of certain foods and nutrients such

as fruits, vegetables, whole grains, fat-free and low-fat

dairy products, and seafood
e Consume fewer foods with sodium (salt), saturated fats,

transfats, cholesterol, added sugars, and refined grains

The 2015 Dietary Guidelines for Americans are cur-
rently being developed. More information on these
guidelines® can be found at the following website: http://
www.health.gov/dietaryguidelines/2010.asp.

MYPLATE FOOD GUIDANCE SYSTEM

The MyPlate Food Guidance System is a pictorial repre-
sentation of the USDA’s daily food recommendations. Re-
leased in 2012, MyPlate replaced the nation’s previously

well-known nutrition education tool, MyPyramid (2005).
In MyPlate, the five food groups are visually represented
by a place setting in which each of the food groups (fruits,
vegetables, proteins, dairy, and grains) is depicted propor-
tionally according to the current recommendations. In
addition, the website ChooseMyPlate.gov offers numer-
ous educational resources and practical guidance for con-
sumers, educators, and health professionals in building a
healthful diet. For example, one can develop an individu-
alized nutrition plan based on personal factors such as
age, gender, and physical activity by utilizing the online
tools, such as SuperTracker, and the Daily Food Plan and
Worksheets® (http://choosemyplate.gov). The site offers
several food plans for special populations, such as veg-
etarians, moms, and preschoolers. The SuperTracker tool
can help plan, analyze, and track one’s diet, weight, and
physical activity; it can also be further personalized by
using the goal setting, virtual coaching, and journaling
features. Health and nutrition information for children
over the age of 5 years is also provided on the site and in-
cludes activities, coloring pages, and interactive games as
well as tips for caregivers concerning children’s nutrition
and meal planning (Fig. 8-1).

DIETARY INTAKE PATTERNS

Trends in U.S. dietary intake patterns reflect changes in
several factors, including the consumption of low-nutrient,
high-calorie foods and beverages (empty calories), as well
as changes in the average portion size, snacking habits,
and eating away from home.” National surveys measur-
ing nutritional status and dietary patterns of children and
adolescents revealed that the total caloric intake of U.S.
children increased from the 1970s to the 1990s; these
results reflect an increased consumption of soft drinks,
grain products, fried potatoes, noncitrus juices, cheese,
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Figure 8-1 Choose My Plate. (Courtesy of USDA’s Center for
Nutrition and Policy Promotion.)

candy, and fruit drinks.8° Conversely, over this time pe-
riod, decreases were found in intakes of milk in general,
whole milk, vegetables and legumes, beef, pork, and eggs.
Less than half of children consumed the recommended
number of servings of any given food group, and their
intakes of discretionary fat and added sugar were much
higher than recommended.

Using data from the National Health and Nutrition
Examination Survey (NHANES), researchers have contin-
ued to monitor dietary trends among American children
and adolescents. For example, in evaluating beverage
consumption for children from birth to 5 years of age,
Fulgoni found that although milk remains the pri-
mary beverage, intakes have declined. From the 1970s
through the 1990s, approximately 85% of preschool-
ers consumed some form of milk, but by 2000-2006,
milk consumption had declined to 77%.1° Conversely,
fruit juice consumption increased dramatically over the
same time period. While fruit juice can be an important
source of vitamin C, potassium, and magnesium, it may
also replace other nutritious foods, including those with
calcium. From 1976 to 2006, preschoolers’ consump-
tion of fruit drinks, which contain less than 10% fruit
juice but generous amounts of added sugars, remained
relatively stable at approximately 35-37% of this pop-
ulation.!® At least one third of preschoolers regularly
consumed soft drinks, and the consumed amounts in-
creased with child age. Han and Powell!! reported that
in the United States, regular soda was the major form
of sugar-sweetened beverage consumed by young peo-
ple, particularly teenagers, and those from low socio-
economic backgrounds. However, while consumption
of soda has decreased in recent years, the prevalence
of sports/energy drink consumption has tripled. This
is concerning because, along with the well-known risk
for dental caries, there is evidence that high intakes
of sweetened beverages are associated with increased

caloric intake, weight gain, and obesity.!?!3 Further-
more, an increased intake of sugar-sweetened beverages
among children aged 3-11 years has been associated
with a decrease in HDL cholesterol levels and increases
in waist circumference and C-reactive protein, a known
marker of inflammation and cardiometabolic disease.™*

From 1989 to 2004, there was an appreciable rise in
daily calories consumed among U.S. children and teen-
agers.!'> One study found that in individuals aged 2-18
years, empty calories accounted for nearly 40% of daily
energy intake.'® The increase in calories during this pe-
riod was attributed to an increased intake of the follow-
ing foods: sugar-sweetened beverages, pizza, full-fat milk,
grain-based desserts, breads, pasta, and savory snacks.
However, from 2003 to 2010, along with an increase in
fruit consumption, total caloric intake in U.S. children
declined, as did their consumption of many of the afore-
mentioned foods. However, this trend did not occur
among preschool-aged children and those of low socio-
economic status; compared with 1989-1991, their total
energy intakes remained significantly higher in 2009-
2010.%5 In preschoolers, from 1989 to 2008, there was an
increase in foods with high levels of added sugar and fat
such as savory snacks, pizza, calzones, Mexican dishes,
sweet snacks/candy, and fruit juice.”

Although current trends may indicate a shift toward
improved dietary intake, consumption of excess calories
and foods with added fat and sugar negatively affects
the overall quality of children’s diets. In the National
Growth and Health Study, Moore et al. found that the
aforementioned excesses contributed to inadequate in-
takes of essential vitamins and minerals, as well as to
intakes of dairy foods, fruits, and vegetables that fell
short of recommended levels in more than 90% of teen-
age girls.'® Similarly, Ionotti et al. determined, from a
survey of a nationally representative sample of 6th to
10th graders, that only 25% of the children consumed
the highest proportions of daily vegetables and fruits
and the smallest intake of energy-dense, low-nutrient
foods.!

In 2013 over 13 million children participated in the
School Breakfast Program (SBP) and over 30 million par-
ticipated in the National School Lunch Program (NSLP).
These federally funded programs evolved as efforts to as-
sist children in low-income households. Children from
households with incomes at or below the poverty level
are eligible for free meals; those with higher incomes may
be eligible for reduced-price meals.2° Because school meal
programs can have a significant impact on children’s
health, their ability to meet nutritional quality standards
is important. An analysis of a nationally representative
sample of children in the NSLP from grades 1 to 12 found
that, compared with meals eaten at home, school lunches
provided lower-calorie, higher-quality food; in addition,
NSLP participants ate fewer calories from sugar-sweetened
beverages at school than did nonparticipants, but obtained
more calories from low-nutrient, energy-dense solid foods
such as fries and higher-fat baked goods in secondary
schools. Overall, compared with nonparticipants, school
lunch participants’ dietary intake at school was lower in
calories.?!
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However, Clark and Fox reported that while the major-
ity of U.S. public schoolchildren obtained nutritionally
adequate diets from school meals, 80% consumed excess
saturated fat and 92% consumed excess sodium.?? High
sodium intakes may increase dietary intake of sugary bev-
erages.?® A survey of school principals from a nationally
representative sample of elementary schools found that
participation in the federal school nutrition program,
Fresh Fruits and Vegetable Program, increased the avail-
ability of fresh fruits during school lunch meals.?* Like-
wise, a systematic review and meta-analysis by Evans et al.
found that from 1989 to 2009, school-based nutrition
programs generated a modest improvement on children’s
fruit consumption but had no impact on vegetable in-
take.? Clearly, there is room for improvement.

EATING OUT

Children and teenagers continue to obtain more of their
meals outside of the home, often from fast-food establish-
ments. From the late 1970s through the mid-2000s, the
percentage of daily calories consumed in fast-food restau-
rants by children aged 2-18 years grew from 2% to 13%,
while full-service restaurants’ contribution to their daily
caloric intake increased from 1% to 5%.2027 From 2000
to 2008, fast-food and full-service restaurant meal con-
sumption by children and teenagers was associated with
increased calories, particularly for adolescents and those
in low socioeconomic groups, as well as higher intakes
of soda and sugar-sweetened drinks. Fast-food intake in-
creased total fat, saturated fat, sugar for both groups, and
sodium and protein for teenagers.?8 However, the type of
restaurant may be a moderating factor. Larson et al. found
that compared with “burger and fries” establishments,
those serving primarily sandwiches/subs were associated
with fewer markers of poor diet quality and had no rela-
tionship with body weight.?® Likewise, recent systematic
reviews examining the association among eating out, die-
tary intake, and weight concluded that eating away from
home is a risk factor for higher fat and calorie intakes
and lower consumption of micronutrients3® but remain
less conclusive about weight gain, especially in young
populations.3!

PORTION SIZES

Along with an increase in eating outside the home, there
is a trend toward expanded food-serving sizes. Most mar-
ketplace portions of foods exceed standard serving sizes
by at least a factor of 2 (e.g., bagels and sodas) and some-
times by a factor of 8 (e.g., cookies).?? Fast-food chains
offer larger sizes of hamburgers, sodas, and fries. The cur-
rent serving sizes are often two to five times larger than
the size originally marketed. These changes in dietary pat-
terns parallel the progressive increase in obesity seen in
the United States. Based on this information, eating away
from home is associated with a compromised quality of
nutritional intake and may increase the risk for chronic
diseases. An analysis of the dietary patterns of U.S. children
and adolescents from 2003 to 2006 found that, compared
with younger children, teenagers are more susceptible to
distorted portion sizes and that high-calorie, low-nutrient
foods such as sugar-sweetened beverages, fries, and pizza
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were popular with youth of all age groups and accounted
for a significant portion of their diet.3?

MEAL PATTERN AND FREQUENCY

Although from 2000 to 2011 U.S. kids and teenagers had
increased intakes of high-calorie, low-nutrient snacks, an
association between snacking behavior and obesity re-
mains unclear.3* However, Koletzko et al. found that a
higher meal frequency among children was associated
with a decreased risk of obesity, which led the authors to
suggest that children should consume 5 nutritious meals
per day.?>

Eating dinner at home in a dining area and helping
to prepare meals were associated with a decreased body
mass index (BMI) in children.3¢ Furthermore, in teenagers,
Berge et al. found that positive interpersonal communica-
tions with family members at the dinner table was asso-
ciated with lower BMI and greater vegetable consumption.>’
However, from 1999 to 2010, a widening gap in family
meals based on socioeconomic status was noted by a Min-
nesota study. Youth in the lowest socioeconomic status
showed a decrease from 4 to 3.6 family meals per week
over the time period, while those in upper socioeconomic
groups had an increase in family meals.® This trend does
not bode well for low-income youth, who have greater
risk of poor health outcomes.

MALNUTRITION AND FOOD INSECURITY

Malnutrition includes undernutrition (inadequate intake
of nutrients that potentially leads to deficiency diseases)
and overnutrition (excessive dietary intake of energy, fat,
or cholesterol that predisposes individuals to chronic dis-
eases). While the latter excessive consumption pattern
may be quantitatively more relevant to overall mortality
and morbidity rates in contemporary U.S. society than
are nutrient deficiencies, malnutrition from dietary insuf-
ficiency has not been eradicated.

Chronic malnutrition as measured by low weight for
age and low growth rates has decreased; some of this de-
cline has been attributed to better nutrition. Today, the
proportion of mothers receiving early prenatal care is at
a record high. Data released in 2012 by the U.S. Depart-
ment of Health and Human Services reported that as of
2011, the overall rate at which infants die before their
first birthday was 6.05 deaths per 1000 live births. How-
ever, infant death rates are disproportionately higher in
specific racial/ethnic groups, such as African Americans
and Native Americans, with 13.3 and 9.2 deaths per 1000
live births, respectively. Furthermore, the U.S. infant mor-
tality rate continues to rank among the highest of the in-
dustrialized nations. More than 16 million children in the
United States live in poverty, and some estimates indicate
that children in approximately 10% of households expe-
rience hunger or the risk of hunger.3?

Knol and colleagues evaluated the dietary patterns of
low-income children from 2 to 3 years of age and from 4
to 8 years of age and found that the predominant eating
patterns in both groups were not indicative of a balanced
diet as described by national recommendations. Rather,
the diets mimicked those of adults, with high intakes of
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added sugars and discretionary fats as a percentage of dai-

ly calories.*” Thus children of low socioeconomic status

are at risk for the long-term consequences of malnutri-
tion.

According to USDA, food security is generally defined
as “access by all people at all times to enough food for
an active, healthy life.” Conversely, food insecurity de-
scribes a “household-level economic and social condition
of limited or uncertain access to adequate food.” Hunger
is an individual-level physiological condition that may
result from food insecurity, and refers to “a potential con-
sequence of food insecurity that, because of prolonged,
involuntary lack of food, results in discomfort, illness,
weakness, or pain that goes beyond the usual uneasy sen-
sation.”#142 Thus food insecurity is considered a risk fac-
tor for malnutrition.

Data regarding the food security of U.S. households
are obtained by USDA from federally sponsored national
surveys. The food security status of each household is cat-
egorized according to the following labels.

e High food security: Households had no problems or
anxiety about consistently accessing adequate food.

* Marginal food security: Households had problems at
times, or anxiety about, accessing adequate food, but
the quality, variety, and quantity of their food intake
were not substantially reduced.

e Low food security: Households reduced the quality, va-
riety, and desirability of their diets, but the quantity
of food intake and normal eating patterns were not
substantially disrupted.

e Very low food security: At times during the year, eating
patterns of one or more household members were
disrupted and food intake reduced because the house-
hold lacked money and other resources for food.
USDA reported that in 2012, 85.5% of U.S. households

were food secure; however, 14.5% of households (17 mil-
lion individuals) reported being food insecure, with 5.7%
reporting very low food security. Prevalence of food in-
security was greater in metropolitan areas, poor house-
holds, households with children headed by single women
or single men, and African-American and Hispanic house-
holds.

Because food-insecure households are eligible to re-
ceive assistance from federally funded programs such as
the Supplemental Nutrition Assistance Program (formerly
the Food Stamp Program), research has been ongoing to
understand the impact of these programs on food inse-
curity and nutrition. In addition, studies are seeking to
clarify the relationships between food insecurity and nu-
tritional status, health risks, and reduced quality of life,
especially in children. Ryu and Bartfield analyzed house-
hold food security data from a nationally representative
sample of U.S. children followed from kindergarten in
1998 through eighth grade in 2007. More than one fifth
of the children resided in a food-insecure home during the
9-year timeframe, which, in many cases, was a transient
situation. Nevertheless, results suggested poorer health
status for children living with persistent household food
insecurity.*? Food insecurity has also been associated with
increased mental and substance abuse disorders in ado-
lescents.*

A recent literature review found that there is a growing
body of evidence supporting the association between food
insecurity and obesity in teenagers, but the relationship
remains unclear in children.*> For example, a longitudi-
nal study of the relationship of food insecurity on obesi-
ty, conducted with a sample of nearly 30,000 non-white,
low-income children participating in the Massachusetts
Special Supplemental Nutrition Program for Women,
Infants, and Children, found that, compared with chil-
dren in food-secure homes, those experiencing persistent
household food insecurity had 22% greater odds of being
obese.*¢ However, this finding was moderated by mater-
nal prepregnancy weight status, with obesity more com-
mon among children of underweight and obese women.
Clearly, more research is needed in this area to improve
understanding of these relationships.

PEDIATRIC UNDERNUTRITION

Undernutrition is the insufficient consumption of es-
sential nutrients, resulting in health problems. Failure to
thrive is a concern sometimes observed among infants
and children. This term refers to individuals whose cur-
rent body weight or rate of weight gain falls significantly
below that of other children of similar age and gender.
These children are much smaller and shorter than their
counterparts, and may lack mental and social skills as well
as physical abilities such as rolling over, sitting, standing,
and walking. Although there are numerous potential en-
vironmental and medical causes of failure to thrive, poor
eating habits, such as not having formal mealtimes or
chronically eating in front of the television, may play a
role.

Typically, in mild but chronic undernutrition, weight
loss with normal height and head circumference is seen.
If the situation continues, growth will slow, and head
circumference and height will be below age- and gender-
related standards. Severe lack of caloric intake results in a
wasting condition known as marasmus. Adequate intake
of calories with insufficient protein can produce kwashi-
orkor, a condition characterized by increased susceptibil-
ity to infections and edema. However, these latter two
conditions are primarily seen in areas plagued with fam-
ine and are rarely seen in the United States.

The Third School Nutrition Dietary Assessment Study*’
assessed the quality and contributions of the National
School Lunch Program and the School Breakfast Program
to children’s nutritional health. Both are longstanding
government programs designed to bring nutritious food
to America’s children. The results indicate that the ma-
jority of U.S. schoolchildren consume nutritionally ade-
quate diets, though many may have deficient fiber intake,
with excessive consumption of saturated fat and sodium.
Nevertheless, 15% of children still showed inadequate
intakes of vitamin A, vitamin C, vitamin E, phosphorus,
and magnesium. These inadequacies were greatest among
female adolescents. Elementary schoolchildren showed
excessive intakes of calories, but this was not observed
among high school students. Since these three vitamins
and two minerals seem to be an issue among some chil-
dren, a short consideration of each follows.
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Vitamin A has two fundamental forms in foods: reti-
noids found in animal foods and carotenoids present in
plant foods. Since both plant and animal food are good
sources, true dietary deficiencies are generally not likely
to be a problem in Westernized societies. In contrast, vita-
min C, which is required for wound healing and healthy
blood vessels, is found only in fruits and vegetables, and
if these foods are not regularly eaten, suboptimal defi-
ciencies of this vitamin can occur. Vitamin E represents
a collection of chemically similar vitamins that provide
important resistance to oxidative stress in the body. Richest
dietary sources are nuts, seeds, fruits, fish, and plant oils.
Supplements of this vitamin are quite popular, but food
sources are likely a safer and more effective choice.

Phosphorus is an essential mineral nutrient required
for strong bones and teeth. It is found in practically ev-
ery food item in the human diet. As a result, a dietary
deficiency is extremely unlikely. Magnesium is another
mineral with important roles in human metabolism and
is widespread in animal and plant foods alike. Richest
sources are green leafy vegetables, nuts and seeds, fish,
legumes, and whole grains.

Nutrient undernutrition may have several causes,
only one of which is an inadequate dietary intake. Some
cases may be secondary to poor socioeconomic status,
lack of education, perceived allergies/food intolerances,
and child neglect or abuse. Historically, iron, calcium,
and zinc are three minerals sometimes ingested only at
marginal levels by many youth. Vitamins D and B;, have
also been found difficult to ingest at recommended levels
among children and adolescents in research studies.*8:4?

IRON

Iron fulfills its primary role in the body as a component of
blood hemoglobin and muscle myoglobin, by providing
cells with a constant supply of oxygen. It also functions
as a co-factor for many enzymatic reactions in the body
and is important for proper functioning of the immune
system. Although the prevalence of iron deficiency has
declined in recent years, it remains an enormous problem
globally and an important pediatric public health prob-
lem even in the United States. Many of the adverse con-
sequences of iron deficiency are associated with its most
severe form, iron-deficiency anemia. However, iron defi-
ciency without anemia is associated with poor cognition
and lower scholastic achievement in children and ado-
lescents.*? Clinical signs of iron-deficiency anemia may
include weakness, fatigue, pallor, and numbness and tin-
gling of the extremities. Common oral manifestations are
glossitis and fissures at the corners of the mouth (angular
cheilitis). The papillae of the tongue may be atrophied,
which gives the tongue a smooth, shiny, red appearance.
In addition, pallor of the oral mucosa or lips may be ob-
served. Affected individuals may also be at increased risk
for fungal infections, such as candidiasis.

Iron needs are higher during growth stages, and those
most vulnerable to iron deficiency include preterm and
low-birthweight infants, older infants and toddlers, teen-
age girls, and women of child-bearing age. Iron deficiency
early in life appears related to behavioral problems in
infants who score significantly lower on various tests

Nutritional Considerations for the Pediatric Dental Patient 143

measuring intellectual and motor functioning. An assess-
ment of iron deficiency prevalence in U.S. children from 1
to 3 years of age during 1976-2002 showed no significant
changes during this period, with overall prevalence rang-
ing from 8% to 10%. Iron deficiency prevalence decreased
from 22% to 9% in toddlers in low-income households,
but remained at 7% in toddlers from households above
the poverty level. During this 26-year period, iron defi-
ciency prevalence in African-American toddlers decreased
from 16% to 6%, but remained unchanged in both His-
panic and white children at 13% and 6%, respectively.
Prolonged bottle feeding for up to 48 months of age was
positively correlated with increased prevalence of iron de-
ficiency and may account for the higher prevalence seen
in Hispanic toddlers.

Somewhat surprisingly, overweight toddlers have a sig-
nificantly higher prevalence of iron deficiency than do
comparable normal-weight or underweight peers. This
has also been observed in older children and adolescents.
Possible explanations for this association include a greater
intake of foods high in calories, but low in iron, an al-
teration in iron absorption or metabolism, and a reduced
level of physical activity among the overweight children.
Additionally, overweight girls may grow faster and ma-
ture earlier than normal-weight peers, making it more
difficult to meet their iron requirements. To prevent iron
deficiency, vulnerable populations should be encouraged
to eat iron-rich foods and breast-feed or use iron-fortified
formula for infants. Iron is found primarily in meat, poul-
try, and fish. However, other foods such as beans, lentils,
fortified cereal grain products, and certain vegetables can
also contribute to dietary intake of iron.

ZINC

The trace mineral zinc has important roles in growth and
development, sexual maturation, immune function, and
wound healing; it also has a role in taste and smell acuity.
Recently, it has become a popular medicament for treat-
ing the common cold (Box 8-1).

Severe zinc deficiency in children is common in de-
veloping countries, but far less so in the United States.
Chronic low dietary zinc intakes may produce a deficien-
cy, as may low bioavailability, and/or adverse interactions
with other nutrients. Iron and zinc share many common
food sources, so individuals at risk for iron deficiency may
also be at risk for zinc deficiency. Zinc is present in foods
that are high in protein, such as beef, eggs, poultry, and
legumes, as well as in whole grains, fortified, ready-to-eat
cereals, and dark green and yellow vegetables. However,
as is the case with iron, zinc from plant food sources is

Box 8-1
Zinc Study®'5?

Two studies conducted with a study population of school-
children have suggested that taking zinc-containing loz-
enges can ease the symptoms of the common cold and
shorten its duration.

Dosages tested were 10-15 mg zinc sulfate daily.
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not as well absorbed as that found in animal foods. Briefel
and colleagues>? assessed zinc intakes from food and sup-
plements in the U.S. population between 1988 and 1994
using NHANES III data. Results indicated that in children
younger than 10 years, boys and girls had similar zinc in-
takes, but in those older than 10, boys’ intakes exceeded
those of girls. Eighty-one percent of 1- to 3-year-olds and
48 percent of 4- to 6-year-olds had inadequate zinc intake,
defined as less than 77% of the 1989 Recommended Di-
etary Allowance. In addition, roughly 61% of adolescent
girls had inadequate intake compared with 38% of ado-
lescent boys.53

One of the first clinical manifestations of severe zinc
deficiency in children is stunted growth. Other signs
and symptoms include abnormal immune responses,
decreased reproductive development and function, and
skeletal abnormalities. Oral manifestations include im-
paired wound healing, alterations of the oral epithelium,
xerostomia, reduced or altered sense of taste or smell, and
reduced appetite. During tooth formation, children with
zinc deficiency may be at increased risk for dental caries.
In addition, because of its impact on immune function,
zinc deficiency may increase the risk of oral infections
such as periodontal disease and candidiasis.

CALCIUM

Calcium and vitamin D work together to maximize the
mineralization of bones and teeth. Calcium is also needed
for proper nerve and muscle activity, blood clotting, and
transport of ions across cell membranes. Individuals at risk
for inadequate calcium intake include those who dislike
milk and other food sources of calcium, as well as those
with milk allergies, lactose intolerance, and malabsorptive
disorders. Inadequate calcium intake over time can in-
crease the risk of bone demineralization and osteoporosis.

Osteoporosis is a bone disease of older individuals and
is most commonly diagnosed in postmenopausal women.
It is characterized by a reduction in the quantity of skel-
etal tissue and thus is often considered to be a geriatric
disorder. Education for its prevention, however, is legiti-
mately within the domain of pediatricians and pediatric
dentists. Childhood and adolescence are crucial times
for development of the skeletal system, and the dietary
requirement for calcium peaks during the teenage years.
The Food and Nutrition Board of the Institute of Medi-
cine recommends an intake of 1300 mg per day of calci-
um during adolescence. This equals roughly the amount
of calcium present in 4 % cups of milk, so this is not an
easy recommendation to meet.

Achieving a high peak bone mass is the first line of
defense against osteoporosis. Low calcium intake, particu-
larly in combination with low levels of physical activity,
may compromise the attainment of optimal peak bone
mass. This is a particularly important consideration for
adolescent girls, because almost half of the adult skeletal
mass is formed during the second decade of life, and cal-
cium accumulation normally triples during the pubertal
growth spurt. Unfortunately, this is the very age group
that is at highest risk for low calcium intakes. Only 30%
of adolescent girls reach 75% of the recommended daily
allowance for calcium, and its intake appears to be

declining among 6- to 11-year-olds. This problem may be
alleviated by educating youth to select more calcium-rich
foods (e.g., cheese, yogurt, fortified breakfast cereals, forti-
fied orange juice concentrates) or to consider using calcium
supplements. Calcium carbonate has a good absorption
rate and has been characterized as a relatively inexpen-
sive supplement containing a high percentage level of
calcium. The concept that dental alveolar bone height
loss is associated with osteoporosis is supported by re-
search; therefore strategies for reducing osteoporosis risk
may also help retard alveolar bone loss. Dental profession-
als can help improve both the oral and systemic health
of their pediatric patients over the long term by guiding
them in meeting calcium intake recommendations.>*

VITAMIN D

Vitamin D is a fat-soluble vitamin that promotes the ab-
sorption of calcium from foods in the gastrointestinal
tract, leading to proper mineralization of bones and teeth.
As a result, having adequate stores of this vitamin is cru-
cial for proper skeletal and dental development. Vitamin
D also acts in concert with parathyroid hormone to main-
tain tight control of blood calcium levels. A slight reduc-
tion in blood calcium concentration stimulates secretion
of parathyroid hormone, which mobilizes calcium and
phosphorus from the skeleton to reestablish calcium ho-
meostasis in the blood. Vitamin D seems to play a role in
immune function; in addition, lack of this vitamin may
contribute to several diseases, including hypertension,
multiple sclerosis, and certain cancers. It has recently
been suggested to be a factor in serotonin synthesis in the
brain and to perhaps play a role in autism.>3

Vitamin D deficiency is increasingly being recognized
as pandemic. The problem is threefold:

1. There is a lack of appreciation that exposure to sun-
light is a significant source of the vitamin.

2. Few foods naturally contain vitamin D.

3. Foods that are fortified with vitamin D are often
not consumed in sufficient amounts to meet the
requirement.

Weng and colleagues discovered that, in a large sample
of 6- to 21-year-olds in the northeastern United States,
more than half the individuals were found to have low
serum vitamin D concentrations; the prevalence of defi-
ciencies increased with advancing age, and also during
the winter months, especially in African-American chil-
dren.>® In a different study of nearly 400 healthy infants
and toddlers, 12% of the children had suboptimal serum
levels of vitamin D, and a third of these children exhib-
ited radiographic evidence of bone demineralization. Pre-
dictors of vitamin D deficiency included breast-feeding
without supplementation in the infants and low milk
intake among the toddlers. Cushman and colleagues®’
evaluated the effects of subclinical vitamin D deficiency
on bone mineral density (BMD) and bone turnover in
healthy adolescent boys and girls. Even though no rela-
tion between BMD and vitamin D status was observed in
boys, the 12- to 15-year-old girls with high vitamin D sta-
tus had significantly greater bone density, lower serum
parathyroid hormone, and lower bone turnover markers
than girls with low vitamin D status.
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Exposure to sunlight is the major source of vitamin D
for most people. Ultraviolet rays from the sun trigger vita-
min D synthesis in the skin from its chemical precursor,
7-dehydrocholesterol. Natural sources of this vitamin are
fatty fish such as salmon, mackerel, and herring, as well
as fish oil, including cod liver oil. In the United States,
although some juices, breads, yogurts, and cheeses are en-
riched with vitamin D, fortified milk is considered as the
primary dietary source of the vitamin.

Because vitamin D is an essential nutrient for proper skel-
etal development, children who receive too little may develop
rickets—a bone disease characterized by bone deformities,
poor muscle development, abnormal spinal curvature, and
bowed legs. The latter manifestation occurs because the
skeleton cannot support the body weight of the child. In
addition, enlarged joints and delayed closure of the skull
bones may be present. The presence of rickets during tooth
development may result in enamel and dentin hypoplasia,
incomplete development, or delayed tooth eruption.

During the first half of the twentieth century, thousands
of cases of nutritional rickets were reported in the United
States, particularly in the northern climates during the win-
ter months, when exposure to sunlight was minimal. This
disease was virtually eradicated once vitamin D began to
be added to milk. In recent years, however, a resurgence
of rickets has occurred, particularly in African-American
breast-fed babies. There appear to be two major reasons for
this resurgence. First is the increase in breast-feeding. Breast-
feeding is the preferred method of infant nutrition, but by
itself does not supply adequate amounts of vitamin D. Sec-
ond, endogenously produced vitamin D via effective sun
exposure has decreased; it can vary with time of exposure,
amount of skin exposed, degree of air pollution and cloud
cover, the time of day, latitude, season, sunscreen use, and
skin pigmentation. Time spent indoors watching television
or playing electronic games does not provide sun exposure.

Compared with individuals possessing a lighter complex-
ion, those with heavily pigmented skin are less efficient
in synthesizing vitamin D from sunlight. In addition,
some African Americans are unable to digest the lactose
in milk efficiently, which leads to a significant reduction
in milk intake and consequently in vitamin D levels. The
increase in reported cases of nutritional rickets prompted
the American Academy of Pediatrics to issue new guide-
lines in 2003 recommending supplemental vitamin D
for all breast-fed infants. However, this recommendation
has not been universally adopted by pediatricians, which
leaves concerns about the continued risks of vitamin D-
dependent rickets in U.S. children.>®

VITAMIN B;,

Vitamin B;, is one of the B-complex vitamins, and co-
balt is present within the molecule, classifying it as the
only vitamin containing a mineral element. Vitamin B,
is essential in producing red blood cells in the bone mar-
row and for myelin synthesis in the nervous system. By,
is thought to be present only in animal foods (meat, fish,
eggs, and dairy products), and as a result, strict vegetar-
ians are considered to be at risk for a dietary deficiency.
Those suffering from anorexia nervosa and bulimia are
also considered to be vulnerable to a deficiency.
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Neurologic impairment resulting from a vitamin Bq,
deficiency has been reported in two children breast-fed
by vegetarian mothers. In one of these cases, the diagno-
sis was made at 15 months, and vitamin B,, therapy was
initiated. At age 28 months, the child’s developmental
skill levels ranged from 9 months for fine motor skills
to 18 months for gross motor skills. Her expressive lan-
guage was at a 10-month level.5? Health care providers
should be alert to the possibility of By, deficiency un-
der these circumstances. Plant foods fortified with this
vitamin, such as selected cereals, meat analogues, soy or
rice beverages, and nutritional yeast, can be reliable and
regular sources.

Chronic vitamin B, deficiency can result from a lack of
the vitamin in the diet, and it can also be due to an autoim-
mune reaction in which intrinsic factor, a stomach protein
required for the absorption of B,,, is not produced. The lack
of intrinsic factor can result in a vitamin B;, anemia known
as pernicious anemia, which is characterized by large, im-
mature blood cells. Additional signs and symptoms of de-
ficiency of this vitamin include pallor, dizziness, fatigue,
weight loss, confusion, hypotension, and peripheral nerve
degeneration. Oral manifestations of vitamin B,, deficiency
include soreness of the soft tissues and atrophic glossitis.®°

PEDIATRIC OVERNUTRITION

For the majority of children and adolescents in the
United States today, negative health outcomes brought
on by malnutrition are far more likely to be related to
overconsumption of food, sodium, and calories than to
deficiencies brought on by underconsumption of food and
nutrients. In other words, the risk of a child suffering
from type 2 diabetes related to obesity is considerably
greater than that of getting scurvy brought on by insuf-
ficient vitamin C intake.

Perhaps the greatest current public health threat for our
country is the increasing prevalence of overweight and obe-
sity, which have ballooned during the last 3 decades of the
twentieth century. This issue invariably leads to a lifelong
struggle with body weight control issues, and the attendant
increased risk for heart disease, cancer, and stroke. Until re-
cently, this epidemic appeared to be continuing unabated.®!

Simply stated, obesity results from a chronic imbal-
ance between energy intake and energy expenditure, in
which the former exceeds the latter. However, its increas-
ing incidence is related to a complex array of genetic,
environmental, psychosocial, biological, and economic
factors. Obesity is traditionally defined as the excessive
accumulation of fat in the body, whereas overweight
means weighing more than is considered normal. These
terms are often defined based on BMI. BMI is calculated
by dividing the individual’s weight in kilograms by the
square of the height in meters. When BMI is plotted on
age- and gender-appropriate growth charts, overweight
individuals can be identified as those between the 85th
and 95th percentiles for age and gender. It is clear that
this mathematical calculation is rather complex and can
best be determined online by means of a BMI calculator
(http://www.cdc.gov/growthcharts).®2 Standards for BMI
values in children are shown in Table 8-3.
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Table 8-3

BMI values and standards for children

Value Standard

<5th percentile Underweight
5th to <85th percentile Normal weight
85th to <95th percentile Overweight
>95th percentile Obese

A major focus of the nationwide health promotion and
disease prevention agenda in Healthy People 2010 was to
reduce the proportions of children and adolescents who
are overweight or obese. Unfortunately, current estimates
are that 36% of U.S. adults are obese, whereas the cor-
responding value for children and adolescents is 17%.%3
This latter figure translates to roughly 12.5 million young
individuals. The prevalence of overweight among chil-
dren ages 6 to 11 has more than doubled in the past 20
years; the rate among adolescents has more than tripled.

However, several recent reports, including an article
in the Journal of the American Medical Association,®* have
reported a significant reduction in obesity among 2- to
S-year-old children over the past decade. In this latter
study, obesity was defined in children as a BMI > the 95th
percentile of the gender-specific CDC BMI-for-age growth
charts. In adults, obesity was defined as a BMI of 30 and
above. A 43% drop in the obesity rate among 2- to 5-year-
old children was an unexpected finding.

Several theories have been proposed to help explain
this observation:

1. Children are consuming fewer calories provided as
sugary beverages than they did 10 years ago.

2. More women are breast-feeding their infants, which is
associated with a lower risk of obesity.

3. There has been a slight overall drop in calories in-
gested per capita in the past decade.

4. Some combination of state, local, and federal programs
designed to reduce obesity is beginning to bear fruit.
Regarding the latter idea, First Lady Michelle Obama

led an effort to alter young people’s eating and exercise

behaviors in a healthier direction. Some 10,000 child-care
centers across the country have signed on, and numerous
cities have also been striving to fight obesity by reducing
sugary beverage ingestion and the use of transfats in res-
taurants. It is encouraging to see progress against obesity
being demonstrated in 2- to 5-year-olds, since reversing
unhealthy eating habits at a later age is difficult. How-
ever, a note of caution is necessary. Very young children
comprise only a small fraction of the American popula-
tion, and other age groups are not showing correspond-
ing declines in obesity rates. For example, women over

60 years of age have shown an increase in obesity dur-

ing the past decade. Nevertheless, if this trend continues

in young children in America, and expands to the adult
population, we can be more optimistic about ultimately
reversing the obesity epidemic.

There are many consequences of obesity, both short-
and long-term. An estimated 61% of overweight youth

have at least one additional risk factor for heart disease,
such as high cholesterol or high blood pressure. Over-
weight children are at greater risk for bone and joint prob-
lems, as well as obstructive sleep apnea, which has been
observed in as many as one in six obese children. The
latter condition can lead to daytime somnolence, neuro-
cognitive abnormalities, and impaired learning. Because
obese children tend to become obese adults, the potential
impact of childhood obesity on the health care system is
enormous. It has been suggested that the increased medi-
cal care costs associated with obesity may be greater than
those associated with smoking and drinking alcohol.%

As overweight young people grow older, they are at
increased risk for heart disease, type 2 diabetes mellitus,
stroke, several types of cancer, and osteoarthritis. The
current epidemic of type 2 diabetes escalating in children
and adolescents is associated with obesity and a persis-
tently elevated BMI. Roughly one of four obese children
(aged 4 to 10 years) has been reported as glucose-intoler-
ant.°® This condition is a precursor to diabetes and is a
generic term referring to metabolic conditions resulting
in higher than normal (hyperglycemia) blood glucose lev-
els. A sedentary lifestyle and obesity are associated with
glucose intolerance.

Severe obesity has long been thought to reduce life
expectancy. A recent report states that 20-year-old white
men with a BMI greater than 45 (extreme obesity) are
estimated to lose 13 years of life because of their body
weight.®” In spite of several decades of public health ef-
forts to educate the population regarding the dangers of
obesity, the trend toward progressively increasing body
weight has not abated.

Aside from the obvious health risks associated with
obesity in childhood and adolescence, there are also
significant psychological and quality-of-life issues to be
considered. Ackard and associates reported that objective
overeating with loss of control in adolescents was associ-
ated with lower scores on measures of body satisfaction
and self-esteem and higher scores regarding depressive
mood.®® Overeating was also associated with elevated
risk of suicide. Thus objective overeating among adoles-
cents is linked to several adverse behaviors and negative
psychological experiences. It remains to be determined
whether objective overeating is an early warning sign of
psychological distress or, rather, a potential consequence
of compromised psychological health.

Schwimmer and colleagues compared the health-
related quality of life of obese children and adolescents
with that of both their healthy (non-obese) counterparts
and a cohort of children and adolescents diagnosed with
cancer.® Quality-of-life ratings of severely obese children
and adolescents were lower than those of healthy chil-
dren and adolescents and similar to those of children and
adolescents with cancer. An impaired self-image and per-
ception of low quality of life in this population are not
surprising, because obesity is one of the most stigmatiz-
ing and least socially acceptable conditions in childhood.
These and similar findings emphasize how critical it is for
health professionals, teachers, and parents to be aware of
not only the medical risks of obesity in children but also
the potential psychological significance of this condition.
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The eating environment existing in contemporary
America often promotes the intake of convenient, rela-
tively inexpensive, highly palatable foods served in large
portions.”? As previously mentioned, this type of eating
pattern from childhood through adult life contributes to
obesity as well as diabetes, hypertension, coronary heart
disease, and certain types of cancer. Regrettably, the fac-
tors contributing to future obesity are thought to begin
in infancy and early childhood.”! Since these diseases
only become evident during adulthood, in spite of hav-
ing their origins in childhood and adolescence, they pro-
vide the health care professional with a potential avenue
for preventive medicine. Early intervention approaches
in these population groups may promote healthier eat-
ing patterns. Atherosclerotic heart disease is such a case.
Modifiable risk factors can be identified and addressed in
the pediatric population, with the goal of preventing or
ameliorating heart disease in later life. Thus prevention
of coronary heart disease is a pediatric health issue, as is
prevention of the other diseases mentioned earlier.

Epidemiologic studies have identified a web of factors
that can contribute to the obesity epidemic in U.S. children
and adolescents. These influences exist at the individu-
al, family, community, and societal levels. They include
changing meal environments, increased TV viewing and
video game playing, food availability, less parental leisure
time, changes in suburbia that discourage physical activity,
increased concern over neighborhood safety, increased
advertising and availability of high-fat, calorie-dense fast
food, changes in parental work patterns, increased need
for child care, and increased utilization of labor-saving
devices (e.g., cars, computers, smart phones, etc.). Because
the problem is multifactorial, solutions should target
multiple factors. An extensive review of the literature by
Wofford clearly identified the preschool years as a critical
time to intervene in obesity prevention. Parental involve-
ment and a role by health care practitioners in emphasiz-
ing recommendations were vital to successful interven-
tions. In addition, prevention strategies should focus on
building positive, healthy behaviors that produce more
satisfactory long-term results than do strategies that focus
on limiting behaviors.”2

A classic research study showed that the prevalence
of obesity is lowest among children watching less than
one hour of television a day and highest among those
watching 4 or more hours a day.” Not only will sedentary
children expend less energy, but they will also invariably
be increasing their consumption of high-fat, high-sugar,
high-calorie snack foods during these sedentary periods.”*
Research from roughly two decades ago indicates that
food (typically a sweet snack) is consumed or referred to
3-5 times per half hour on prime-time programming.”>
Additionally, the majority of commercials shown during
children’s programming promote foods with low nutri-
tional value, including candy, soft drinks, sugared cere-
als, and potato chips, as well as other high-salt, high-fat
snacks.”®

Any effort to attack the obesity problem should focus
not only on making better food choices but also on in-
creasing physical activity levels, which increases energy
use and helps achieve a healthy weight. Exercise pro-
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motes both physical health and emotional well-being.
How much and how often you exercise is a major de-
terminant of both morbidity and mortality. It has been
identified as a national priority area for promoting the
health of the U.S. population.”” However, many children
and adolescents do not meet the recommendations for
physical activity. This fact is particularly sobering because
the adolescent years are thought to be the period during
which adult health-related behaviors such as dietary and
physical activity patterns are being shaped. Childhood is
likely to be a critical time for promoting physical activity.
In 2005 the Centers for Disease Control and Prevention
reported that only 27.8% of high school girls and 43.8%
of high school boys participated in at least 60 minutes of
physical activity per day. A comparable report for 201178
showed that this figure had fallen to 18.5% for girls and
38.3% for boys.

Walking as a means of transportation is a compo-
nent of an active lifestyle associated with a reduced risk
of chronic diseases and an increased sense of well-being;
however, time spent walking has declined among U.S.
children. One of the objectives of Healthy People 2010
was to increase the proportion of walking trips to school
from 31% to 50% among children and adolescents. In
1969 approximately half of all U.S. schoolchildren walked
or biked to and from school; of those living within 1 mile
of school, 87% walked or biked to school. By 2004 fewer
than 15% of children used an active mode of transporta-
tion. In 2004 the CDC reported the results of a Consumer
Styles survey of parents that cited distance to school as
the most common barrier to walking to school, followed
by traffic-related dangers.”® The reduction in total physi-
cal activity that occurs from mid- to late adolescence ap-
pears to be related more to a reduction in the number
of activities in which adolescents choose to participate
than to a decline in the time spent on each activity.5°
This finding supports other evidence that physical activ-
ity declines during adolescence.

According to the Dietary Guidelines for Americans,
2010, it is recommended that children and adolescents
participate in at least 60 minutes of moderately intense
physical activity most days of the week, preferably daily.
For youth, regular physical activity has beneficial effects
on weight, muscular strength, cardiorespiratory fitness,
bone mass, blood pressure, anxiety, and self-esteem.
Walking programs are being increasingly promoted for
youth in selected school systems. Many of these programs
are using pedometers to register the number of steps be-
ing taken. These small units, which clip onto waistbands,
resemble tiny pagers and are reasonably accurate in
counting all the steps taken over a given period of time.
For some programs, the goal is to reach 12,000 steps per
day, but for all the programs, a general objective is to mo-
tivate the person wearing the pedometer to progressively
increase the step count over time and to maintain a mini-
mally acceptable level of steps per day.

HEALTH IMPACT OF HIGH SALT INTAKE

When we consider the issue of overnutrition and how it
might relate to health problems, sodium intake generally
emerges as an important topic for consideration. More
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specifically, we question whether children and adoles-
cents are consuming too much sodium from dietary salt
and initiating a behavior of eating that will be problem-
atic during their lifetime. According to a recent study,?!
the answer is likely to be “yes.” This team of research-
ers monitored the eating habits of more than 760 high
school adolescents for a week. They observed that these
teenagers were ingesting as much dietary salt as were their
adult counterparts, an amount far exceeding guidelines
for good health. On average, the teenagers were taking
in almost 3300 mg sodium each day, an amount more
than double the 1500 mg currently recommended by the
American Heart Association.®?

An additional finding of the research was that a direct
link existed between the high levels of salt intake and an
increased risk for overweight and obesity. Previous stud-
ies®384 have shown that salt typically promotes the desire
to drink more sugary sodas and consume more calories,
thereby providing a potential mechanism for weight gain.

An elevated sodium intake has often been cited as be-
ing associated with an increase in blood pressure, raising
hypertension rates and the risk for heart disease and early
death.®> It has also been suggested that by significantly
reducing the average daily intake of sodium, the general
population could enjoy improved health.

From a dental health perspective, the increased desire
for sugary beverage consumption, triggered by a high-salt
diet, could contribute to dental caries and other harmful
effects. Several strategies to offset these kinds of adverse
oral effects from high-salt diets would be to read food
labels carefully and not choose those with high sodium
content, not to add salt to food via the saltshaker, and to
select fresh fruits and vegetables as food choices when-
ever possible.

FEEDING AND EATING DISORDERS

Physical appearance is of prime importance for most teen-
agers, and for some adolescent girls in particular, getting
“thin enough” can become an obsession. It is estimated
that 20 million women and 10 million men suffer from a
clinically significant eating disorder such as anorexia ner-
vosa, bulimia nervosa, or binge-eating disorder at some
point during their lifetime.8¢ Because women and men
are often secretive about their eating disorders, existing
epidemiologic studies may underestimate the true preva-
lence of these conditions.?” Some personality traits, such
as perfectionism and obsession with weight and body dis-
satisfaction, may cluster in families of women with eat-
ing disorders. Perfectionism may be an environmental or
genetic factor.888°

Disordered eating is a term that includes a full spectrum
of unhealthy eating behaviors from inappropriate dieting
to clinical eating disorders.”® The mass media are viewed
by many as major contributors in influencing disordered
eating behaviors in young people through the presenta-
tion of often unattainable physical images and emphasis
on the “thin ideal.”"!

Analyses of body measurements of 500 models listed
on modeling agency websites and in adult magazines over
a 12-year period showed that nearly all the centerfolds

and three fourths of the models had BMIs that approxi-
mated the American Psychological Association’s criteria
for anorexia nervosa.’> Although boys may be increas-
ingly influenced by the portrayals of muscular men in the
media, most research has focused on the effects of me-
dia portrayals on girls’ eating and dietary habits. Teenage
girls are most at risk for developing eating disorders as
they struggle with bodies that are getting larger in a cul-
ture that simultaneously attempts to sell them junk food
and tells them that they should be thin. A study by Field
found that more than 10% of adolescent girls and 3% of
boys binge-eat or purge at least once a week. Risk factors
for these disordered eating behaviors included frequent
dieting, concerns about weight, and in girls younger than
14 years, maternal history of an eating disorder.”?

Research has shown that being overweight in child-
hood is a risk factor for disordered eating, and both are
risk factors for full-syndrome eating disorders. Shape and
weight concerns appear to be elevated in overweight chil-
dren and teenagers, especially in white girls. Up to 79%
of overweight youth report unhealthy weight control
behaviors, and up to 17% report extreme weight control
behaviors such as self-induced vomiting or laxative or di-
uretic abuse.”*

A study of risk factors for eating disorders, conducted
by Rohde, Stice, and Marti in a sample of over 400 U.S.
adolescent girls, found that body dissatisfaction, nega-
tive effect, pressure to be thin, internalization of the thin
ideal, and dieting were significant predictors of eating dis-
order development. Findings indicated that although eat-
ing disorders tend to manifest in late adolescence, most
of these risk factors assessed are present much earlier, and
that body dissatisfaction appears to present in advance
of any perceived pressure to achieve an ideal thinness.”>
Unlike the findings of others,”® this study determined
that BMI was not a predictor for eating disorder devel-
opment up to age 21, which led the authors to suggest
that subjective dissatisfaction with body shape and size,
rather than actual levels of adiposity, might be a more
important factor in the appearance of eating disorders.”>
Likewise, analysis of data from the National Longitudinal
Study of Adolescent Health, a large nationally representa-
tive sample of over 14,000 individuals, found that early
dieting, depression, and body image distortion were as-
sociated with eating disorders in young adulthood. Preva-
lence of eating disorders among the males and females in
the sample ranged from 2% to 6%, with the most com-
mon being binge eating. Dieting was reported by 27% of
females and 11% of the males.””

Considering the high prevalence of weight-related
concerns and body dissatisfaction among young people
in the United States, it would be prudent to aim appropri-
ate interventions at all youth.

ANOREXIA NERVOSA

Preoccupation with appearance and body weight during
adolescence may lead to anorexia nervosa, a condition of
self-induced starvation. Anorexia may be of the restric-
tive type, in which food intake is severely limited, or of
the binge-eating/purging type, in which individuals en-
gage in self-induced vomiting or the misuse of laxatives,



Chapter 8

diuretics, or enemas. This illness, which is much less
common in males and is also less common than buli-
mia nervosa, is characterized by self-imposed weight loss,
amenorrhea, and a distorted attitude toward eating and
body weight. In some instances this behavior is used as
a means of establishing a sense of identity and control.
Anorexia nervosa has captured the interest of psychoana-
lysts, behavior therapists, family therapists, nutritionists,
and endocrinologists alike because of the interplay among
the powerful psychological, environmental, genetic, and
physiologic components of the disease. Anorexia nervo-
sa rarely begins before puberty and probably is manifest
across a wide range of severity levels. Affected individu-
als often lack the ability to recognize that their emaci-
ated bodies are too thin. Despite their advanced state of
wasting, they may continue to believe that they are over-
weight. According to DSM-35, the three diagnostic criteria
for anorexia nervosa are the following?899:

e Persistent restriction of energy intake leading to
significantly low body weight (in context of what is
minimally expected for age, gender, developmental
trajectory, and physical health)

e Either an intense fear of gaining weight or of becom-
ing fat, or persistent behavior that interferes with
weight gain (even though significantly low in body
weight)

e Disturbance in the way one’s body weight or shape
is experienced, undue influence of body shape and
weight on self-evaluation, or persistent lack of rec-
ognition of the seriousness of the current low body
weight
A wide range of complications, including many of

the consequences of starvation, is possible in anorexia

nervosa. Fat depletion is the most obvious physical con-
sequence. Qualitative deficiencies in the diet may lead
to anemia, hypoproteinemia, and sometimes vitamin
deficiencies. Serious electrolyte imbalances, notably hy-
pokalemia, can occur when vomiting or laxative or di-
uretic abuse is practiced. Anorexia may be accompanied
by enlargement of the parotid glands, edema of the legs,
increased facial hair, and reductions in blood pressure
and pulse rate. Nutritional deficiencies may lead to glos-
sitis, gingivitis, a reduction in the amount and pH of
the saliva, and an increase in dental caries susceptibility.

Dental erosion may be evident on the palatal aspects of

anterior and posterior teeth (perimolysis) secondary to

the use of sports drinks, caffeinated/carbonated drinks,
wine, vinegar, and lemon juice used to quell sensations
of hunger. Anorexics who engage in self-induced vomit-
ing may exhibit epithelial erosion, gingivitis, and dental
erosion on the palatal surfaces of the maxillary anterior
teeth.%®

Long-term studies have demonstrated diverse out-
comes ranging from full recovery to chronicity and
death. Outpatient treatment is preferred for most indi-
viduals. Treatment is typically multidisciplinary and
involves medical, nutritional, social, and psychological
components.!? If the illness is severe and family and en-
vironmental circumstances are too damaging, or if there
is little response to outpatient treatment, then hospital-
ization is indicated. Fluoxetine hydrochloride appears to
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help control the obsessive-compulsive behavior involved
in both anorexia nervosa and bulimia. This drug raises
the brain levels of serotonin, and as a consequence, the
urge to binge and the preoccupation with food appear to
lessen.

BULIMIA

Another eating disorder, bulimia nervosa, is character-
ized by binge eating and invariably by self-induced vom-
iting. It also is more prevalent in young women and is
more common than is anorexia nervosa. It usually begins
during late adolescence or early adult life. Its prevalence
among males is probably vastly underestimated because
of underreporting. The American Psychiatric Associa-
tion’s diagnostic criteria for bulimia nervosa are the fol-
lowing®:

e Fating, in a discrete period of time (e.g., within any
2-hour period), an amount of food that is definitely
larger than what most individuals would eat in a simi-
lar period of time under similar circumstances

e A sense of a lack of control over eating during the
episode (e.g., a feeling that one cannot stop eating or
control what or how much one is eating)

e Recurrent inappropriate compensatory behaviors to
prevent weight gain, such as self-induced vomiting;
misuse of laxatives, diuretics, or other medications;
fasting; or excessive exercise

e The binge-eating and compensatory behaviors both
occur, on average, at least once a week for 3 months.

¢ Self-evaluation is unduly influenced by body shape
and weight.

e The disturbance does not occur exclusively during
episodes of anorexia nervosa.

Although it is more medically benign than anorexia
nervosa, bulimia nervosa is associated with significant
health consequences. Approximately half of patients
with this disorder have fluid and electrolyte abnormali-
ties. Hypokalemia develops in a small percentage. En-
largement of the parotid glands, esophagitis, and gastric
necrosis may also occur. Because of the exposure of the
tooth surfaces to the highly acidic regurgitated gastric
contents, enamel erosion is common among patients
with bulimia nervosa. The degree of enamel damage can
be extensive. Although unanimity of opinion does not
exist, the suggestion has been made that toothbrushing
after vomiting actually promotes enamel loss and that,
instead, patients should be instructed to rinse with an al-
kaline solution such as sodium bicarbonate dissolved in
water. Other suggestions include the use of liquid sugar-
free antacids, water, or milk. A fluoride treatment should
be considered because of its potential for remineralizing
previously demineralized areas of the dentition. Daily
rinses with 0.5% sodium fluoride and administration
of a 1.1% neutral fluoride gel in custom trays can be
recommended.

Most bulimic patients can be treated effectively as
outpatients. Although antidepressant medications may
be useful in some cases, a multidisciplinary approach to
treatment is often indicated.'’ There is some evidence
that individuals, particularly girls, who have family meals
in a positive atmosphere are at lower risk for bulimia.
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Family meals may serve a protective function against dis-
ordered eating as well as other problems by acting as a
forum for working through various issues.!0!

BINGE-EATING DISORDER

Within the Diagnostic and Statistical Manual, Fifth Edition
(DSM-5), released in 2013, binge-eating disorder achieved
official diagnostic recognition. The essential feature of
binge-eating disorder is recurrent episodes of binge eating
that must occur, on average, at least once per week for
three months. It is defined by the consumption of exces-
sive amounts of food along with the sensation of loss of
control. The following are the DSM-5% criteria for this
disorder:

e Recurrent episodes of binge eating. A recurrent epi-
sode is characterized by both of the following:

e Fating in a discrete period of time (e.g., within any
2-hour period) an amount of food that is definitely
larger than what most people would eat in a simi-
lar period of time and under similar circumstances.

e A sense of a lack of control over eating during the
episode (e.g., a feeling that one cannot stop eating
or control what or how much one is eating).

e The binge-eating episodes are associated with three or
more of the following:

e Eating much more rapidly than normal

e Eating until feeling uncomfortably full

e Eating large amounts of food when not feeling
hungry

e Eating alone because of feeling embarrassed by
how much one is eating

e Feeling disgusted with oneself, depressed, or very
guilty afterward

e Marked distress regarding binge eating is present.

e The binge eating occurs, on average, at least once a
week for 3 months.

e The binge eating is not associated with the recurrent
use of inappropriate compensatory behavior as in bu-
limia nervosa and does not occur exclusively during
the course of bulimia nervosa or anorexia nervosa.
Patients with binge-eating disorder may be treated as

outpatients in a multidisciplinary manner. In overweight
patients with binge-eating disorder, the goals include
achieving a sustainable weight loss and abstaining from
binge eating. Pharmacotherapy with antidepressants and
selective serotonin reuptake inhibitors has been used. Other
classes of medications, such as antiobesity drugs and anti-
convulsants, have also been studied and have shown some
success. Psychotherapy in the form of cognitive-behavioral
therapy has been a popular approach, and other modalities,
such as exercise, self-help, and virtual reality therapy, have
also been tried as adjunctive therapies for binge-eating dis-
order. Furthermore, some studies indicate that there may
be a benefit to combined behavioral therapy and pharma-
cotherapy in the treatment of binge-eating disorder; how-
ever, more research is needed for a better understanding
of the long-term effects of these treatments. As health care
professionals deal with eating disorders in their patients,
they recognize that primary prevention combined with ear-
ly detection and treatment clearly helps reduce morbidity
and mortality in affected youth.1%0

Q & A CONCERNING PEDIATRIC
NUTRITION ISSUES

Why is a nutritious breakfast important to begin the day?

Examined from a nutrient density perspective (nutri-
ents provided per calorie), breakfast is generally the most
important meal of the day; however, 40% of children and
teenagers in America are thought to skip breakfast. Those
who skip it are literally on an unintended 36-hour fast
until lunchtime, and are observed to suffer from more
physical, intellectual, and behavioral problems compared
with those who eat a nutritious breakfast. Eating a healthy
breakfast is associated with improved cognitive function,
memory, reduced tardiness, and improved mood.

Is a vegetarian diet healthy for children?

Since plant-based foods are generally quite nutritious,
a vegetarian diet can be healthful if well planned. An im-
portant question is what food items will replace the meat.
If primarily legumes, beans, nuts, and soy products, there
should be no protein inadequacy. If primarily cheese and
whole milk, then there may be concerns over excess cal-
ories and saturated fat intake. Planning exclusively veg-
etarian diets will require careful consideration on how to
receive adequate intakes of protein, iron, and vitamin By,.
Are changes in store for food and nutrition labeling
practices?

The Food and Drug Administration is proposing sig-
nificant changes in food and nutrition labels for the first
time since such labels became mandatory some 20 years
ago. If the modifications are accepted, calories will ap-
pear in larger and bolder type, the consumer will be able
to discern if the food product contains added sugar, and
serving sizes will be adjusted upward to reflect more accu-
rately the amounts that Americans are actually consum-
ing. These changes are scheduled in the future and are
being considered because current food labeling is thought
by many as both outdated and difficult to understand.
Why is healthy eating so important in childhood and
adolescence?

Ingesting nutritious foods early in life initiates an eat-
ing behavior that conveys protection against obesity,
diabetes, and dental caries currently and later in life.
Continuing to follow these patterns of eating over a life-
time is associated with a reduction in risk for heart dis-
ease, cancer, osteoporosis, hypertension, stroke, and early
death. There are emotional and psychological benefits to
be gained as well.

What are the major concerns regarding unhealthy eating during
childhood?

Eating too few nutrients and calories in childhood
will ultimately negatively affect growth, performance in
school, cognitive development, and overall health. In
contrast, overconsumption of fast food, processed snack
foods, and sugar-sweetened beverages will invariably lead
to weight gain, overweight, obesity, and an increased risk
of diabetes, and may increase the risk for dental caries.
What would a child’s ideal dinner plate look like?

Ideally, half the food on a child’s plate would be fruits
and vegetables. Protein would be provided largely by lean
meats, nuts, and eggs. High-fiber whole-grain breads and
cereals would be served in lieu of refined grains. Fried




Chapter 8

foods would be limited, and milk and water would be of-
fered instead of sugary fruit drinks and sodas. Of course,
many children would not select such a plate voluntarily.
This is where parents or guardians must help guide the
children’s food selections in a logical and loving manner.
What are harmful dietary fats?

Researchers agree that there are two major types of fat
detrimental to health: saturated fat and fats containing
transfatty acids. Saturated fat comes primarily from animal
foods such as meat, poultry, and certain dairy products.
A high intake of this kind of fat increases LDL cholesterol
levels and elevates the risk for cardiovascular disease. Most
transfatty acids in our diet come as a result of a food manu-
facturing process known as hydrogenation, in which unsat-
urated fat is partially hydrogenated to enhance consumer
properties. These latter fatty acids also increase blood levels
of LDL cholesterol and increase the risk for cardiovascular
disease. The U.S. Food and Drug Administration has re-
cently proposed a regulatory change that would essentially
ban artificial transfats from the American diet by no longer
considering them as “generally recognized as safe.”

What are considered as healthful dietary fats?

Monounsaturated fat is found in vegetable oils, fruits,
nuts, legumes, and fish, and has been reported to lower
blood cholesterol and help reduce the risk of heart dis-
eases. This type of fat may also help regulate blood insu-
lin and glucose levels and be of benefit for persons with
type 2 diabetes. Polyunsaturated fat is primarily found in
plant-based foods such as vegetable oils. These oils are
thought to improve blood cholesterol levels, thereby less-
ening the risk of heart disease. Omega-3 fatty acids appear
to be of particular benefit in preventing heart disease.
These healthful fatty acids are primarily found in fatty,
cold water fish and fish oils. They are present in plant oils
as well, but it is less certain if that source is as effective in
promoting heart health as are fish oils. Omega-3 fatty acid
supplements are not thought to be as beneficial as those
from natural food sources.

Do healthy children need vitamin supplements?

Foods that we consume contain essential vitamins,
minerals, protein, fiber, phytochemicals, and other bene-
ficial chemicals whose roles in human nutrition have not
yet been fully identified. Nutritional supplements do not
contain this range of essential nutrients present within
the natural environment of a food substance. Vitamin
and other supplements are not intended to serve as food
substitutes. Children should be encouraged and helped
to receive their nutrients from foods, rather than from
nutritional supplements.

Are there foods that fight flu and colds?

There are neither specific foods nor nutrients that can
either prevent or cure a cold or influenza. However, some
evidence suggests that there are strategies to help strength-
en the immune system and aid in resisting these illnesses.
Examples include getting plenty of sleep, participating in
regular exercise, keeping well hydrated, and minimizing
stress. The foods that may help in this endeavor by contrib-
uting protective substances include green leafy vegetables,
highly pigmented vegetables and fruits, citrus fruits, veg-
etable oils, nuts, whole grains, and seafood. This diverse
collection of foods provides high levels of nutrients such
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as beta-carotene, vitamin A, vitamin C, vitamin E, assorted
other antioxidants, and the minerals zinc and selenium, all
of which may fortify the immune system.

Are fruit drinks and juices healthy for children?

Most children enjoy the taste of fruit juices but may
drink them in excess to the exclusion of other more
nutritious foods. Many fruit drinks are high in added sug-
ar and calories, and even 100% fruit and vegetable juices
are often highly acidic. The outcome of this may be the
intake of too much sugar and calories, thus contributing
to such problems as poor overall nutritional quality of the
diet, obesity, as well as enamel erosion and dental caries.
Far more acceptable dietary choices than fruit drinks and
juices are whole fruits, low-fat dairy, or water.

Are meal replacement shakes and smoothies good snack
choices for children and adolescents?

The consumption of fruit-/vegetable- or protein-based
smoothies and shakes has become popular in recent years.
These products are often high in acid, sugar, and ferment-
able carbohydrates. If kids and teenagers are consuming
such meal replacement beverages multiple times per day
as snacks, the amount of time the oral cavity is exposed
to a reduction in pH is increased, which increases the risk
of demineralization, enamel erosion, and dental caries.
More healthful choices would include non-cariogenic
snacks of solid foods such as nuts, cheese, popcorn, milk,
yogurt, and raw vegetables.

Are diet sodas and sports/energy drinks harmful to children
and adolescents?

Diet sodas are popular among children and teenagers
and are perceived as healthier than sugared beverages; in
addition, they are often used by youth concerned about
gaining weight. Sports and energy drinks are also marketed
as “healthy” alternatives to regular soda and as a means
to obtain better physical performance or maintain alert-
ness. The American College of Sports Medicine recom-
mends consumption of adequate food and fluids before,
during, and after exercise to help maintain blood glucose
during exercise, maximize performance, and improve
recovery time; consumption of sport drinks containing
carbohydrates and electrolytes during intense exercise peri-
ods lasting longer than 1 hour may be helpful in refueling
muscles and decreasing the risk of dehydration. However,
for shorter exercise periods, consumption of plain water is
recommended. The so-called energy drinks are often high
in caffeine, and adverse cardiovascular events have been
reported with their use in some individuals. Moreover,
these beverages are often highly acidic and can cause
dissolution of tooth enamel.

Additionally, although diet sodas do not contain sug-
ar, sports and energy drinks often do, and whether they
contain sugar or not, excessive consumption of any of
these beverages can be harmful to oral health. These bev-
erages contain acids such as phosphoric and citric acid,
which can contribute to enamel erosion and dental car-
ies, particularly if the consumer sips on these products
throughout the day.

How common are food allergies?

It is estimated that 3% to 4% of the American population
is affected by food allergies, generally affecting the digestive
or respiratory system or the skin. True food allergies have
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a sudden onset and occur whenever the offending food is
eaten. The most common culprits are nuts, fish or shellfish,
milk, eggs, soy, and wheat, with symptoms ranging from
mild to potentially life threatening. They are caused by an
allergic response by the immune system to a food compo-
nent, mistakenly thought to pose a threat to the body. The
resulting biologic reaction against the allergen produces
the symptoms. In contrast, food intolerances have a more
gradual onset, are generally less severe, and do not have a
fatal outcome. These food sensitivities are usually produced
by stomach irritation and improper food digestion. Lactose-
intolerance is probably the most common food intolerance.
Gluten may produce either an allergic response or a sensi-
tivity reaction. Once the offending food allergen has been
identified, the primary treatment is to remove that item
from the diet permanently. Food intolerances can be treated
more easily. Simply reducing the quantity of the offending
food that is eaten, and also the frequency of its ingestion,
can alleviate most symptoms.

Is the gluten in foods a common problem for children and ado-
lescents?

Gluten is a mixture of proteins found in foods processed
from wheat and other grains. Roughly 1% of the U.S. popu-
lation suffers from celiac disease, which is an autoimmune
disease of the small intestine in which the individual is
intolerant to gluten in the diet. Those affected generally
exhibit a broad range and severity of intestinal symptoms.
Perhaps 6% of the population may be affected by non-celiac
gluten intolerance/sensitivity, which is usually a less severe
gastrointestinal condition and does not fall into the con-
ventional autoimmune disease category. These ailments are
often helped by avoiding gluten in the diet, which is some-
times a difficult task to accomplish in view of the rather
ubiquitous distribution, albeit at low concentrations, of
gluten in a variety of food products. An important first step
for sufferers is to receive an accurate diagnosis from a physi-
cian to determine the best treatment approach.

Are there any “addictive” foods?

An addiction is simply defined as a powerful and harm-
ful need to have regular access to something (such as a
drug) or participate in an activity (such as gambling). The
definition becomes less clear when applied to food addic-
tions. Some scientists feel that certain foods behave simi-
larly to addictive drugs and cause a release of “feel good”
chemicals in the brain when they are eaten. Others dis-
agree, insisting that overeating is basically an emotional
problem, not one of an addiction. A few studies have iden-
tified chocolate, sugar, and cheese as likely suspects in the
addictive foods category. All three have been demonstrat-
ed at times to promote the release of opiate-like substances
that stimulate the brain’s pleasure center and promote the
eating of these foods frequently and compulsively.
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DENTIST’S ROLE IN THE CARIES
CONTROL PROGRAM

Good oral health is an integral component of good general
health. This would include a Dental Home, which is defined
as “the ongoing relationship between the dentist and team
and the patient, inclusive of all aspects of oral health care
delivered in a comprehensive, continuously accessible, coor-
dinated, and family-centered way. Establishment of a dental
home begins no later than 12 months of age and includes
referral to dental specialists when appropriate.”!-* Children
should receive their first dental examination between 6
and 12 months of age. In a comprehensive report prepared
for the Oral Health Subcommittee of the Healthy Moth-
ers—-Healthy Babies Coalition, Ripa states, “Priority needs to
be given to a major national educational program directed
toward educating the public about nursing caries.”*> The
educational program must involve direct contact with preg-
nant women, parents, and other caregivers in population
subgroups with a high prevalence of nursing caries.
Although enjoying good oral health includes more
than just having healthy teeth, many children have in-
adequate oral and general health because of active and
uncontrolled dental caries. According to the United States
Surgeon General’s report on oral health in America,
published in May 2000, dental caries is the single most
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common chronic childhood disease.? Over the last 60
years, we have seen the meaning of oral health evolve
from a narrow focus on teeth and gingiva to the recogni-
tion that the mouth is the center of vital tissues and func-
tions that are critical to total health and well-being across
the life span. The mouth is a mirror of health or disease,
which acts as an accessible model for the study of other tis-
sues and organs. The mouth is the potential source of pa-
thology, which may affect other systems and organs, but
also provides the impetus for extensive future research.”
Dental caries is five times more common than asthma and
seven times more common than hay fever. These statistics
continue and were reaffirmed by the United States Sur-
geon General’s report in 2010.3 Furthermore, as Edelstein
and Douglass noted, dental caries is not self-limiting,
like the common cold, nor amenable to treatment with
a simple course of antibiotics, like an ear infection.* After
analyzing the National Health Interview Survey data from
1993 through 1996, Newacheck and colleagues concluded
that dental care is the most prevalent unmet health need
among American children.® Although effective methods
are known for prevention and management of dental dis-
ease, the unmet need for treatment, especially in children,
does not seem to be diminishing.” Gift has estimated that
51 million school hours per year are lost in the United
States because of dental-related illness.®
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ETIOLOGY OF DENTAL CARIES

The development of dental caries may be considered as a
continuous dynamic process involving repeating periods
of demineralization by organic acids of microbial origin
and subsequent remineralization by salivary components
(or therapeutic agents), but in which the overall oral envi-
ronment is imbalanced toward demineralization. Several
factors influence the degree of vulnerability of the tooth.’

Today all experts on dental caries generally agree that it is
an infectious and communicable disease and that multiple
factors influence its initiation and progression. The disease
is recognized to require a host (tooth in the oral environ-
ment), a dietary substrate, and aciduric bacteria.” The saliva
(also considered a host component), the substrate, and the
bacteria form a biofilm (plaque) that adheres to the tooth
surface. Over time the presence of the substrate serves as a
nutrient for the bacteria, and the bacteria produce acids that
can demineralize the tooth. The flow, dilution, buffering,
and remineralizing capacity of saliva are also recognized to
be critical factors that affect, and in some ways regulate, the
progression and regression of the disease. If the oral en-
vironment is balanced and favorable, saliva can contribute
to strengthening of the tooth by supplying the components
known to help build strong apatite structure. If the oral
environment is unfavorable (too much acid is produced too
often), an adequate flow of saliva can help dilute and buffer
the acid, and thus slow the rate of damage to the tooth or
even repair it. The critical pH for dissolution of enamel has
been shown to be about 5.5. Once the process reaches den-
tin, dissolution can occur at a considerably higher pH. In
addition, we know of many anatomic, behavioral, dietary,
genetic, social, cultural, socioeconomic, and therapeutic
variables that can significantly influence the level of caries
activity favorably or unfavorably.!0

Dental caries is a preventable disease; it typically be-
gins in enamel and progresses slowly in its early stages.
Rampant caries is an exception to the typical course and
is discussed later. Cavitation of the tooth structure is a
late-stage development of the disease. Before cavitation,
the progress of the disease may be arrested or reversed if
a favorable oral environment can be achieved. Even af-
ter cavitation occurs, if the pulp is not yet involved and
if the cavitated area is open enough to be self-cleansing
(plaque-free), the caries process can halt and the lesion
can become “arrested.” Arrested lesions typically exhibit
much coronal destruction, but the remaining exposed
dentin is hard and usually very dark, there is no evidence
of pulpal damage, and the patient has no pain. We also
must emphasize that treating a caries-affected tooth by
providing a restoration does not cure the disease. If the
unfavorable oral environment that caused the cavity per-
sists, so will the disease, and more restorations will be re-
quired in time. Treating the oral infection by reducing the
number of cariogenic microorganisms and establishing a
favorable oral environment to promote predominantly
remineralization of tooth structure over time will arrest
the caries process and limit the disease. Arresting the
disease currently requires modifications by the patient
or caregiver and relies on the individual’s compliance in
making the necessary modifications.

Many microorganisms can produce enough acid to
demineralize tooth structure, particularly aciduric strep-
tococci, lactobacilli, diphtheroids, yeasts, staphylococci,
and certain strains of sarcinae. The mutans streptococci
(MS) has been implicated as among the major and most
virulent of the caries-producing organisms. Consequent-
ly, MS has been targeted in a large share of research.
Loesche conducted an extensive review of the literature
regarding the etiology of caries.!! He concluded that the
evidence suggests that MS, possibly Streptococcus sobrinus,
and lactobacilli are human odontopathogens. He stated
that aciduricity appears to be the most consistent attri-
bute of MS and is associated with its cariogenicity. He also
observed that other aciduric species, such as S. sobrinus,
may be more important in smooth-surface decay and are
perhaps associated with rampant caries. Loesche conclud-
ed the review with the suggestion that treatment strate-
gies that interfere with the colonization of MS may have
a profound effect on the incidence of caries in humans.!!

Wan and colleagues published a series of three papers
that report on 111 infants whom they observed to 2 years
of age. They found MS colonization in infants as young as
3 months, and more than 50% of the predentate infants
were infected by 6 months of age. By 24 months of age,
84% of the children harbored the bacteria.!?!# Investiga-
tions by Davey and Rogers'> and by Berkowitz and Jones!®
have confirmed that MS is transmitted orally from mother
to infant, whereas Brown and colleagues'” have demon-
strated a relationship between the numbers of MS present
in mothers and those in their infants. Research by Kohler
and colleagues demonstrated that reducing the numbers
of oral MS in mothers delayed the colonization of the or-
ganisms in the mouths of their children.!® Their findings
also showed that 52% of the children who carried mutans
streptococci at 3 years of age had caries, whereas only 3%
of the children without demonstrable MS had caries at
the same age. Caufield and colleagues suggested the pos-
sibility of a “window of infectivity” between 19 and 33
months of age during which most children acquire the
cariogenic organisms.'® The mother was the most com-
mon source of transmission of the bacteria to the child.
In a group of 122 children from 6 to 24 months of age,
Mohan and colleagues found oral MS colonization in
20% of the children younger than 14 months of age.?’
In addition, logistic regression models that controlled
for both age and number of teeth indicated that children
who consumed sweetened beverages in their baby bottles
were four times more likely to have MS than were chil-
dren who consumed only milk. All experts agree that the
earlier transmission occurs, the higher the caries risk.

The acids that initially demineralize the enamel have
a pH of 5.5 to 5.2 or less and are formed in the plaque
biofilm material, which firmly attaches to the tooth struc-
ture. This biofilm, which exists primarily in the suscepti-
ble areas of the teeth (i.e., occlusal and facial surfaces), has
received a great deal of attention. Considerable emphasis
is currently being given to plaque and its relationship to
oral disease. Methods of chemical plaque control are be-
ing investigated. The acids involved in the initiation of
the caries process are normal metabolic byproducts of the
microorganisms and are generated by the metabolism of



carbohydrates. Because the outer surface of enamel is far
more resistant to demineralization by acid than is the
deeper portion of enamel, the greatest amount of demin-
eralization occurs 10 to 15 um beneath the enamel surface
(Fig. 9-1). The continuation of this process results in the
formation of an incipient subsurface enamel lesion that
is first observed clinically as a so-called white spot. Unless
the demineralization is arrested or reversed (remineraliza-
tion), the subsurface lesion continues to enlarge, with the
eventual collapse of the thin surface layer and the forma-
tion of a cavitated lesion.?!2?

Remineralization of incipient subsurface lesions may
occur as long as the surface layer of the enamel remains
intact. Saliva, which is supersaturated with calcium and
phosphate and has acid-buffering capability, diffuses
into plaque, where it neutralizes the microbial acids and
repairs the damaged enamel. The time required for re-
mineralization to replace the hydroxyapatite lost during
demineralization is determined by the age of the plaque,
the nature of the carbohydrate consumed, and the presence

Figure 9-1 Polarized light appearance of natural subsurface
caries lesion. A, Blue/green line represents surface zone;
yellow/brown represents the most demineralized area, the
body of the lesion. B, More advanced natural subsurface
lesion reaching the dentino-enamel junction (DEJ). This
would be a white-spot lesion. (Courtesy Dr. James Wefel.)
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or absence of fluoride. For example, it has been suggested
that, in the presence of dental plaque that has developed
for 12 hours or less, the enamel demineralization resulting
from a single exposure to sucrose will be remineralized by
saliva within about 10 minutes. In contrast, a period of at
least 4 hours is required for saliva to repair the damage to
enamel resulting from a similar exposure to sucrose in the
presence of dental plaque that is 48 or more hours old.
The presence of fluoride has a profound effect on the re-
mineralization process; fluoride not only greatly enhances
the rate of remineralization of enamel by saliva but also
results in the formation of fluorohydroxyapatite during
the process, which increases the resistance of the remin-
eralized enamel to future attack by acids. Fluoride also has
antimicrobial effects.?!

CARIES PREVALENCE IN PRESCHOOL
CHILDREN

Edelstein and Tinanoff found that 30.5% of 200 preschool
children had caries detectable by visual or radiographic ex-
amination.?? These children were recruited from a private
pediatric dental office and ranged in age from 5 months
to 5 years 11 months (mean, 3 years 8 months). Several
other studies in the United States report caries prevalence
in children age 4 years and under as ranging from 38% to
49%.7.2425 In general, other reports of caries prevalence
among children in various parts of the world show rates
that seem to be comparable with those cited here. An-
other common element of caries prevalence in the Unit-
ed States and throughout the world is that children from
families in low socioeconomic groups consistently have
greater caries prevalence than their peers from families
at a higher socioeconomic level. Vargas and colleagues
reported that 27.4% of a sample of 3889 children from
2 to 5 years of age had at least one decayed or filled pri-
mary tooth.2¢ These children were part of a larger sample
of individuals included in the third National Health and
Nutrition Examination Survey (NHANES III, 1988-1994).
This sample of children was 51.4% male and 48.6% fe-
male, with an ethnic distribution of 64.1% non-Hispanic
white, 16.0% black, 9.5% Mexican American, and 10.4%
other ethnicities. The family incomes for these children
were distributed into four groups categorized from low to
high, and these groups constituted 27.9%, 25.5%, 21.6%,
and 24.9% of the sample, respectively.

In a longitudinal evaluation of caries patterns in 317
children followed up for an average of 7.8 years in private
dental practices, Greenwell and colleagues made several
noteworthy discoveries.?’” They found that 84% of the
children who were caries-free in the primary dentition
remained caries-free in the mixed dentition. Children
with pit-and-fissure caries in the primary dentition were
more likely to develop smooth-surface caries of primary
teeth than were the caries-free children. Fifty-seven per-
cent of the children with proximal lesions in primary
molars in the primary dentition developed additional
primary molar proximal lesions in the mixed dentition.
Children with faciolingual decay (nursing caries) were at
the highest risk of any group for developing additional
caries lesions. These investigators also discovered levels of
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caries susceptibility in children that can be characterized
as caries-free, pit-and-fissure caries, and proximal molar
caries patterns.

CARIES PREVALENCE IN
SCHOOLCHILDREN

The report by Vargas and colleagues provides additional
representative data for schoolchildren as well.2® Their re-
port revealed that 61% of the sample of children from 6
to 12 years of age had at least one decayed or filled pri-
mary tooth. Furthermore, in the sample of 4116 children
from 6 to 14 years of age, 40% had at least one decayed
or filled permanent tooth. Of the 1383 children from
15 to 18 years of age, 89.8% had at least one decayed or
filled permanent tooth. The ethnic and family income
distributions for children in these different age groups
were comparable with those outlined in detail for the
preschool children. This information, along with that in
many other published reports, clearly indicates that man-
aging the disease of dental caries among children remains
a formidable task, despite the advances made in various
preventive programs.

RAMPANT DENTAL CARIES

The disease process referred to as rampant caries is, in
terms of human history, relatively new. Rampant caries
has been defined by Massler as a “suddenly appearing,
widespread, rapidly burrowing type of caries, resulting in
early involvement of the pulp and affecting those teeth
usually regarded as immune to ordinary decay.”?8

There is no evidence that the mechanism of the de-
cay process is different in rampant caries or that it occurs
only in teeth that are malformed or inferior in composi-
tion. On the contrary, rampant caries can occur suddenly
in teeth that were previously sound for many years. The
sudden onset of the disease suggests that an overwhelm-
ing imbalance of the oral environment has occurred, and
some factors in the caries process seem to accelerate it so
that it becomes uncontrollable; it is then referred to as
rampant caries.

When a patient has what is considered an excessive
amount of tooth decay, one must determine whether
that person actually has a high susceptibility and truly
rampant caries of sudden onset or whether the oral con-
dition represents years of neglect and inadequate dental
care. Young teenagers seem to be particularly susceptible
to rampant caries, although it has been observed in both
children and adults of all ages (Fig. 9-2).

There is considerable evidence that emotional distur-
bances may be a causative factor in some cases of rampant
caries. Repressed emotions and fears, dissatisfaction with
achievement, rebellion against a home situation, a feeling
of inferiority, a traumatic school experience, and contin-
uous general tension and anxiety have been observed in
children and adults with rampant dental caries. Because
adolescence is often considered to be a time of difficult
adjustment, the increased incidence of rampant caries in
this age group lends support to this theory. An emotional
disturbance may initiate an unusual craving for sweets

or the habit of snacking, which in turn might influence
the incidence of dental caries. On the other hand, a no-
ticeable salivary deficiency is not an uncommon finding
in patients receiving radiation therapy to the head and
neck and may place patients at high risk for severe caries
development.

EARLY CHILDHOOD CARIES, SEVERE
EARLY CHILDHOOD CARIES, NURSING
CARIES, BABY BOTTLE TOOTH DECAY

The American Academy of Pediatric Dentistry (AAPD) de-
fines early childhood caries (ECC) as the presence of one
or more decayed (noncavitated or cavitated), missing (as
a result of caries), or filled tooth surfaces in any primary
tooth in a child 71 months of age or younger. AAPD also
specifies that, in children younger than 3 years of age, any
sign of smooth-surface caries is indicative of severe early
childhood caries (S-ECC).2?

Research shows that human breastfeeding in infants
has many advantages and has not been epidemiological-
ly associated with caries in the absence of other factors
such as poor oral hygiene or a carbohydrate diet. Fre-
quent nighttime bottle feeding with milk is associated
with, but not consistently implicated in, S-ECC. Breast-
feeding more than seven times daily after 12 months of
age is associated with increased risk for ECC.3%:31 Night-
time bottle feeding with juice, repeated use of a sippy or
no-spill cup, and frequent between-meal consumption
of sugar-containing snacks or drinks (e.g., juice, formula,
soda) will increase the risk of caries.3233 The clinical ap-
pearance of the teeth in S-ECC in a child 2, 3, or 4 years
of age is typical and follows a definite pattern.3* There
is early carious involvement of the maxillary anterior
teeth, the maxillary and mandibular first primary mo-
lars, and sometimes the mandibular canines (Fig. 9-3).
The mandibular incisors are usually unaffected. A discus-
sion with the parents often reveals an inappropriate feed-
ing pattern: the child has been put to bed at afternoon
nap time and/or at night with a bottle holding milk or
a sugar-containing beverage. The child falls asleep, and
the liquid becomes pooled around the teeth (the lower
anterior teeth tend to be protected by the tongue). The
carbohydrate-containing liquid provides an excellent
culture medium for acidogenic microorganisms. Salivary
flow is also decreased during sleep, and clearance of the
liquid from the oral cavity is slowed.

AAPD endorses the policy statement of the American
Academy of Pediatrics (AAP) on breastfeeding and the
use of human milk.?> The AAP statement includes the
acknowledgment that “breast-feeding ensures the best
possible health as well as the best development and psy-
chosocial outcomes for the infant.” However, both orga-
nizations discourage extended or excessive frequency of
feeding times (from the breast or bottle) and encourage
appropriate oral hygiene measures for infants and tod-
dlers.

There is considerable scientific evidence from experi-
ments in vitro and in animal models to suggest that some
dairy products such as bovine milk and cheese, as well as
human breast milk, are not cariogenic and may actually
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Figure 9-2 A, Early childhood caries (ECC). B, Occlusal ECC in mandible. €, Occlusal and interproximal ECC in maxilla (mirror
image). D, Rampant dental caries and evidence of dental neglect in a preschool child. E, Palatal caries on maxillary incisor

teeth.

be protective to tooth structure and promote reminer-
alization under certain conditions. Similar experiments
show that many infant formulas, with refined food ad-
ditives, do promote caries. There is much still to learn
about caries progression in both the more typical disease
and this rampant form. It is prudent to counsel parents
to practice good oral hygiene measures for the child and
to avoid inappropriate feeding habits that are associated
with S-ECC.30

ADDITIONAL FACTORS KNOWN
TO INFLUENCE DENTAL CARIES

SALIVA

Although saliva was identified in the etiology section ear-
lier as part of the host component and thus a primary part
of the caries process, the role of saliva overall is unique.
Further discussion is warranted regarding its influence on
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Figure 9-3 Radiographs illustrating early childhood caries. A, Maxillary incisors (interproximal). B, Mandibular incisors.
C, Deep caries in mandibular molar. D, Maxillary molar distally and on mandibular first molar.

several aspects of the caries process that may help pro-
duce favorable environments to combat the process. Any
patient with a salivary deficiency, from any cause, is at a
higher risk for caries activity.

It is generally accepted that the dental caries process is
controlled to a large extent by a natural protective mecha-
nism inherent within the saliva. Many properties of saliva
have been investigated for their possible role in the car-
ies process. Considerable importance has been placed on
the salivary pH; the acid-neutralizing power; and the cal-
cium, fluoride, and phosphorus content. It has long been
suggested that, in addition to these properties, the rate
of flow and the viscosity of saliva may influence the de-
velopment of caries. The normal salivary flow aids in the
solution of food debris on which microorganisms thrive.
In addition, the saliva manifests a variety of antibacterial
and other antiinfectious properties. All known character-
istics of saliva seem somehow relevant to the process of
dental caries.?!

Saliva is secreted by three paired masses of cells—the
submandibular, sublingual, and parotid glands. Small
accessory glands are also scattered over the oral mu-
cous membranes. Each of these has its own duct. The
salivary glands are under the control of the autonomic

(involuntary) nervous system, receiving fibers from both
its parasympathetic and sympathetic divisions. Stimula-
tion of either the parasympathetic (chorda tympani) fi-
bers or the sympathetic fibers to the submandibular or
sublingual gland causes a secretion of saliva. In most ani-
mals the secretion resulting from parasympathetic stimu-
lation is profuse and watery. Sympathetic stimulation,
however, causes a scanty secretion of a thick, mucinous
juice. Stimulation of the parasympathetic fibers to the pa-
rotid gland causes a profuse, watery secretion, but stimu-
lation of the sympathetic fibers causes no secretion.?!

Salivary Deficiency

A reduction in the salivary flow may be temporary or
permanent. When the quantity is only moderately reduced,
the oral structures may appear normal. A pronounced
reduction or complete absence of saliva, however, results
in an acidic environment with rampant caries (Fig. 9-4).
In addition to the rapid destruction of the teeth, there
may be dryness and cracking of the lips, with fissur-
ing at the corners of the mouth, burning and soreness
of the mucous membranes, crusting of the tongue and
palate, and sometimes paresthesia of the tongue or
mucous membrane.
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Figure 9-4 Progression of early childhood caries illustrated in
three different children. A, Restorable with resins. B, Restorable
with crown forms (possibly). €, Nonrestorable.

There are many reasons for a reduction in salivary flow.
Acquired salivary dysfunction may be the result of a psy-
chological or emotional disturbance and, again, may be
either temporary or permanent. During the acute stages,
mumps may cause a temporary reduction in salivary flow.
Immune disorders, such as Sjogren syndrome, and genet-
ic conditions, such as hypohidrotic ectodermal dysplasia,
often exhibit chronic xerostomia (dry mouth). Many on-
cology patients receive head and neck or total-body ir-
radiation that also results in salivary gland dysfunction.
Patients with deficient salivary flow often have excessive
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or rampant caries. In contrast, patients with greater than
average salivary flow are usually relatively free from den-
tal caries.3°

If a patient has no known existing conditions that may
cause hyposalivation, and if the clinician notices a small
pool of saliva in the floor of the mouth during oral exami-
nation, it is not unreasonable to assume that the patient
has adequate salivary quantity and flow. Little informa-
tion is available about salivary flow rates in children, but
Crossner reported that in children from 5 to 15 years of
age, the rate of mixed whole stimulated saliva increases
with age, and boys have consistently higher rates than
girls.3” Saliva substitutes, as well as fluoride and chlorhex-
idine rinses, are reported to enhance remineralization and
promote resistance to demineralization of tooth surfaces,
and may help prevent radiation-induced caries.¢

Salivary Viscosity

It has long been suggested that the viscosity of saliva is
related to the rate of dental decay. Both thick, ropy saliva
and thin, watery saliva have been blamed for rampant
dental caries. Previous work has shown a statistically sig-
nificant direct relationship between the viscosity of saliva
and the number of decayed, missing, and filled teeth.3®
This relationship held true for all members of the obser-
vation group, regardless of age. Patients with thick, ropy
saliva invariably had poor oral hygiene. The teeth were
covered with stain or plaque, and the rate of dental caries
ranged from greater than average to rampant.

No evidence exists that viscosity changes with age
under normal conditions. This property of the saliva is
governed not only by the particular set of glands stimu-
lated but also by the type of nervous stimulation and the
amount of mucin (glycoprotein) present. Some genetic
abnormalities affect the viscosity of saliva; most notably,
patients with cystic fibrosis often have thick, ropy saliva
and salivary dysfunction.

SOCIOECONOMIC STATUS

The Surgeon General’s report of 2010° indicated that one
in four American children is born into poverty.> The re-
port notes that children and adolescents living in poverty
suffer twice as much tooth decay as their more affluent
peers, and that their disease is more likely to go untreat-
ed. The report also mentioned that, although continuing
reductions of dental caries in permanent teeth have been
achieved, caries prevalence in primary teeth has stabi-
lized or possibly increased in some population groups. A
Census Bureau report published in March 2003 showed
that the poverty rate for children in the United States
rose in 2002, whereas it dropped for people 65 years and
older.?” Nearly half of the 35 million people living in
poverty were children. These are alarming data, calling
attention to a huge unmet oral health care need in the
United States.

Following the report of the Surgeon General, Edelstein
pointed out that, paradoxically, children living in poverty
also have the highest rates of dental insurance coverage,
largely through the Medicaid program and the State Chil-
dren’s Health Insurance Program.*’ Yet Medicaid-eligible
children who have cavities have twice the number of



162 Chapter 9 = Dental Caries in the Child and Adolescent

caries-affected teeth and twice the number of visits for
pain relief but fewer total dental visits than do children
in families with higher incomes. He also noted that these
disparities continue into adolescence and young adult-
hood, albeit to a lesser degree. Because practitioners have
the opportunity to assess the oral health of poor children
individually, they will identify some patients at low risk
for dental caries. However, the available data confirm
that, from a demographic perspective, economically poor
children are at high risk for dental caries.

ANATOMIC CHARACTERISTICS OF THE TEETH

Certain teeth of many patients, particularly permanent
teeth, seem vulnerable to dental caries as they emerge,
and, in caries-active mouths, they may show evidence of
the attack almost coincident with their eruption into the
oral cavity. Because enamel calcification is incomplete at
the time of eruption of the teeth and an additional period
of about 2 years is required for the calcification process to
be completed by exposure to saliva, the teeth are especial-
ly susceptible to caries formation during the first 2 years
after eruption. Permanent molars often have incomplete-
ly coalesced pits and fissures with or without hypoplasia
that allows the dental plaque material to be retained at
the base of the defect, sometimes in contact with exposed
dentin. These defects or anatomic characteristics can read-
ily be seen if the tooth is dried and the debris and plaque
removed. In addition to occlusal surfaces, lingual pits on
the maxillary permanent molars, buccal pits on the man-
dibular permanent molars, and lingual pits on the max-
illary permanent lateral incisors are vulnerable areas in
which the process of dental caries may proceed rapidly.*!

ARRANGEMENT OF THE TEETH IN THE ARCH

Crowded and irregular teeth are not readily cleansed dur-
ing the natural masticatory process. It is likewise difficult
for the patient to clean the mouth properly with a tooth-
brush and floss if the teeth are crowded or overlapped.
This condition therefore may contribute to the problem
of dental caries.*?

PRESENCE OF DENTAL APPLIANCES
AND RESTORATIONS

Space maintainers and orthodontic appliances often en-
courage the retention of food debris and plaque material
and have been shown to result in an increase in the bacte-
rial population.*? Few patients keep their mouths meticu-
lously clean, and even those who make an attempt may
be hampered by the presence of dental appliances that
retain plaque material between brushings. Rosenbloom
and Tinanoff evaluated the MS levels of patients before,
during, and after orthodontic treatment.*> MS levels were
significantly elevated during active treatment. When
samples were taken 6 to 15 weeks into the retention phase
of treatment, however, the microbial levels were found
to have decreased significantly to levels comparable with
those of untreated children.

Dentists have known for many years that the tooth
structure at the interface with restorative material is es-
pecially vulnerable to recurrent caries. Clinical studies
suggest that dentists and their patients should not expect

successful restorative treatment to reduce a patient’s risk
for future development of caries lesions. Tinanoff and col-
leagues found higher numbers of salivary MS in patients
after they received restorative treatment.** Wright and
colleagues observed significant reductions in the num-
bers of MS and lactobacilli immediately after restoration;
however, MS returned to prerestoration levels in many of
the study participants.*> Gregory and colleagues observed
that postoperative counts of salivary streptococci essen-
tially equaled the preoperative counts after all restorative
work had been completed in their patients.*® Effective
prevention programs are required to protect the patient
from additional caries and to better justify the investment
in restorative care.

HEREDITARY FACTORS

Although parents of children with excessive or rampant
caries tend to blame the condition on hereditary factors
or tendencies, and some scientific evidence (as reviewed
in Chapter 5) acknowledges certain genetic influences on
the caries process, most authors agree that genetic influ-
ences on dental caries are relatively minor in comparison
with the overall effect of environmental factors. The fact
that children acquire their dietary habits, oral hygiene
habits, and oral microflora from their parents makes
dental caries more an environmental than a hereditary
disease. Although several hereditary factors (see Chapter
5) may be influential in promoting or preventing dental
caries activity, available effective preventive therapies
along with proper dietary and plaque control measures
can override the hereditary factors that contribute to car-
ies development.

EARLY DETECTION OF DISEASE ACTIVITY

Traditionally, dentists have relied upon a visual-tactile-
radiographic procedure for the detection of dental car-
ies. This procedure involves the visual identification of
demineralized areas (typically white spots) or suspicious
pits or fissures and the use of the dental explorer to de-
termine the presence of a loss of continuity or breaks in
the enamel and to assess the softness or resilience of the
enamel. Caries lesions located on interproximal tooth
surfaces have generally been detected with the use of bite-
wing radiographs. These procedures have been used rou-
tinely in virtually every dental office in the United States
for the past 50 years. Tactile probing with an explorer
is no longer used for caries detection in most European
countries, and this protocol has now been adopted by
many U.S. dental schools. The primary concerns that led
to the discontinuation of the probing procedure were as
follows: (1) the insertion of the explorer into the suspect-
ed lesion inevitably disrupts the surface layer covering
very early lesions, thereby eliminating the possibility for
remineralization of the decalcified area; (2) the probing
of lesions and suspected lesions results in the transport
of cariogenic bacteria from one area to another; and (3)
frank lesions requiring restoration are generally apparent
visually without the need for probing. The clinical car-
ies detection procedures commonly used in Europe have
been described by several clinical investigators.47-52




The reversal of the caries process depends on an intact
surface layer of the lesion. The use of the dental explorer
to routinely probe enamel is no longer recommended.

Caries lesions are detected visually on the basis of their
location (mineralization can occur only in areas where
dental plaque may accumulate regularly) and the pres-
ence of enamel opacities with or without staining. The
state of activity is determined by the visual appearance
of an opacity, the color of the area (i.e., presence of white
or tan stain), and the roughness of the enamel surface as
assessed by dragging of the explorer across the surface.
Again the only use of the dental explorer as a probe is to
remove plaque or debris from tooth surfaces.>?

While this visual examination procedure for clinical-
ly detecting dental caries maintains the integrity of the
enamel surface over the demineralized area and the pos-
sibility for the remineralization of the area, there remain
some practical limitations to this caries detection proce-
dure. The detection process requires the visual detection
of demineralized areas as so-called white spots. First, these
areas are relatively small, and tooth surfaces must be care-
fully air-dried during the visual examination. By the time
these areas can be detected visually as white spots, the de-
mineralization will have progressed through at least one
third of the outer portion of the enamel.5® Mineraliza-
tion of this magnitude requires longer time periods and a
greater number of treatments to remineralize completely.

Lesions detected on radiographs have generally pro-
gressed to the initial involvement of dentin. The increased
desire of dental professionals and patients for more con-
servative restorative procedures and the implementation
of measures to control and reverse the caries process led
to significant efforts to develop technologies for the early
detection of dental caries. Dental scientists have explored
other measures to assist with the detection of caries at an
earlier stage of the formation process, which resulted in the
development and evaluation of a variety of instruments.>!

PREDICTION OF PATIENTS’ RISK FOR
FUTURE DISEASE (RISK ASSESSMENT)

In contemporary health care practices, caries-risk assess-
ment and management are now recognized as an impor-
tant component in providing appropriate dental care for
infants, children, and adolescents. AAPD supports that
appropriate oral health assessment should begin within 6
months of the eruption of the first tooth and certainly by
the first birthday. This assessment should continue as ap-
propriate by the same dentist and dental team providing
the child with a Dental Home. With the very young in-
fant, the caries risk focuses on the parents’ and caregiver’s
oral health habits. The habits of the parents and caregiver
greatly influence the oral health of the child. These care-
givers are asked questions that help guide oral health edu-
cation for the infant, including the following questions!:
1. When did they last have dental care and treatment?
2. What are their eating habits, including sugar, soda,

juice, and energy drink consumption?
3. How often do they brush and floss their teeth?

The education and training required to achieve opti-
mal oral health must be provided to the adults who care
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for the child. Only once the child has grown and will
have more input into his/her eating and toothbrushing
habits should the focus move to the child. With the older
child, especially with the adolescent, caries-risk assess-
ment tools become more useful.

In 2003 when discussing caries risk and introducing
the “Cariogram,” Petersson repeated the complex nature
of dental caries and the difficulties in predicting the de-
velopment of the disease in any one patient.>* Over the
years these difficulties have not decreased. There are sev-
eral tools for predicting dental caries development. In
2012 Tellez conducted a systematic review of caries-risk
assessment tools and concluded, “There is an urgent need
to develop valid and reliable methods for caries risk as-
sessment that are based on best evidence for prediction
and disease epidemiology management rather than opin-
ions of experts.” In this review the four most commonly
used caries-risk assessment tools were reviewed (Cario-
gram, Caries Management by Risk Assessment [CAMBRA],
American Dental Association, and the American Academy
of Pediatric Dentistry) and were found to be of equal val-
ue. The Cariogram has been evaluated and found to be
more predictive in permanent teeth than with preschool
children.>s

The “Cariogram” is a computer caries-risk program
that records several data points including past caries expe-
rience, diet, oral hygiene habits, fluoride exposures, and
analysis of saliva. The program then produces the results
as a colored graph. This was well described by Gonzalez
and Okunseri in 2010.5¢ The different colors are as fol-
lows: red for bacteria, dark blue for diet, light blue for sus-
ceptibility-related factors, and yellow for circumstances;
green represents the chance of avoiding caries. This pic-
torial presentation with the associated personal plan may
be good for patients or parents, although students in this
study did not support the usefulness of the tool in the
academic setting. The Cariogram has been validated in
several clinical studies and has been demonstrated to be
successful in predicting caries risk. While assessment of
caries risk undoubtedly is benefiting from emerging sci-
ence and technologies, AAPD believes that sufficient evi-
dence exists to support the creation of a framework for
classifying caries risk in infants, children, and adolescents
based on a set of physical, environmental, and general
health factors. It has also been documented that the car-
ies-risk tools commonly used for adults do not support
future risk for children.5’->° AAPD has published guide-
lines on caries-risk assessment and management and the
caries-risk assessment tool (CAT) (Tables 9-1 and 9-2).

Of course, accurate caries-risk assessments of patients
can guide clinicians and health care facilities toward
better allocation of their time and resources for their
high-risk patients. As our accuracy and efficiency in
identifying patients with active disease or high poten-
tial to develop disease improve, and as parents, patients,
and health care insurance plans accept this newer ap-
proach to care, the standard “6-month recall visit” for
children may change to a more customized plan for in-
dividual patients or groups of patients. Children who
are at low risk for caries and who do not have other
oral conditions that need frequent monitoring may not



164 Chapter 9 = Dental Caries in the Child and Adolescent

Table 9-1

Caries-Risk Assessment Form for Children 6 Years Old or Younger

(FOR DENTAL PROVIDERS)

Factors

High Risk Moderate Risk Low Risk

Biological

Patient is of low socioeconomic status

Patient has >3 between meal sugar-containing snacks
or beverages per day

Patient has special health care needs

Patient is a recent immigrant

Protective

Patient receives optimally-fluoridated drinking water

Patient brushes teeth daily with fluoridated toothpaste

Patient receives topical fluoride from health professional

Patient receives additional home measures (e.g., xylitol,
MI paste, antimicrobial)

Patient has dental home/regular dental care

Clinical Findings

Patient has >1 interproximal lesions

Patient has active white spot lesions or enamel defects

Patient has low salivary flow

Patient has defective restorations

Patient is wearing an intraoral appliance

Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes
Yes
Yes

Circling those conditions that apply to a specific patient helps the practitioner and patient/parent understand the factors that contribute to

or protect from caries. Risk assessment categorization of low, moderate, or high is based on preponderance of factors for the individual. How-
ever, clinical judgment may justify the use of one factor (e.g., 21 interproximal lesions, low salivary flow) in determining overall risk.

Overall assessment of the dental caries risk: High J Moderate J Low (O

From Council on Clinical Affairs: Guideline on Caries-risk Assessment and Management for Infants, Children, and Adolescents, American Acad-

emy of Pediatric Dentistry, Reference Manual 36(6), 127-134, 2014.

require oral health care visits as often as those at high
risk (with or without active disease), whereas compliant
high-risk patients may, at times, require frequent visits
and multiple forms of caries control therapies in addi-
tion to their voluntary modification of caries-promoting
dietary and behavioral habits.

CONTROL OF DENTAL CARIES

Many practical measures for the control of dental car-
ies are applicable to private practice. Most practitioners
have tried control measures with various degrees of suc-
cess. One cannot emphasize too strongly, however, that
no single measure for the control of dental caries will be
entirely satisfactory. All possible preventive measures and
approaches must be considered in the hope of successful-
ly controlling and preventing the caries process. None of
these preventive approaches can have any hope for suc-
cess without the regular and full cooperation and com-
mitment from the caregiver and patient, with home-care
vigilance.

Pediatric dentists who see patients on a referral basis
may hear a parent remark, “My child has so many cavities
that my dentist doesn’t know where to start.” Although
it is true that the problem may at first seem overwhelm-
ing, a systematic, understanding approach often results in

a gratifying response. Following a discussion of the oral
problems with the parents, an outline of procedures for
the control of active or rampant caries in the coopera-
tive and communicative patient is explained. With this
approach and with patient cooperation, the problem can
usually be explained and brought under control. The suc-
cessful management of active dental caries, however, de-
pends on the parents’ or patient’s interest in maintaining
the patient’s teeth and their cooperation in a customized
and specific caries control program.

CONTROL OF ALL ACTIVE CARIES LESIONS

When rampant caries occurs, the first steps are to initi-
ate treatment of all caries lesions to stop or at least slow
the progression of the disease and to identify the most
important causes of the existing condition. Next, or even
simultaneously, if possible, the practitioner begins work-
ing with the patient and/or parents to achieve the ap-
propriate behavioral modifications required to prevent
recurrence. The problem may then be approached in a
systematic manner. Invariably, modifications in oral hy-
giene procedures and dietary habits are necessary. Often,
achieving patient compliance with the recommended
modifications is the greatest challenge of all.

If the initial restorative treatment is to be done in one
appointment with the patient under general anesthesia
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Table 9-2

Example of a Caries Management Protocol for Children 6 Years Old or Younger

INTERVENTIONS

Risk Category Diagnostics Fluoride Diet Sealants Restorative
Low risk: e Recall every six to e Twice daily brush- No Yes ¢ Surveillance

12 months ing with fluoridated

e Radiographs every toothpaste#

12 to 24

months
Moderate risk: o Recall every six e Twice daily brush- e Counseling Yes e Active surveillance®

patient/parent
engaged

months
Radiographs every

toothpaste*

six to 12 months e Fluoride supplements®

ing with fluoridated

of incipient lesions
e Restoration of cavi-
tated or enlarging

e Professional topical lesions
treatment every six
months
Moderate risk: o Recall every six e Twice daily brushing ¢ Counseling, Yes e Active surveillance®
patient/parent months with toothpaste* with limited of incipient lesions
not engaged e Radiographs every e Professional topical expectations e Restoration of cavi-
six to 12 months treatment every six tated or enlarging
months lesions
High risk: e Recall every three e Brushing with 0.5 per- e Counseling Yes e Active surveillance®
patient/parent months cent fluoride e Xylitol of incipient lesions
engaged e Radiographs every ¢ Fluoride supplements® * Restoration of cavi-
six months e Professional topical tated or enlarging
treatment every three lesions
months
High risk: e Recall every three ¢ Brushing with 0.5 per- e Counseling, Yes * Restore incipient,
patient/parent months cent fluoride with limited cavitated, or enlarg-
not engaged e Radiographs e Professional topical expectations ing lesions

every six months
months

treatment every three e Xylitol

a, Salivary mutans streptococci bacterial levels; ¢, interim therapeutic restoration; y, parental supervision of a “pea-sized” amount of tooth-
paste; f, parental supervision of a “smear” amount of toothpaste; 4, indicated for teeth with deep fissure anatomy or developmental defects;
¥, periodic monitoring for signs of caries progression; 9, need to consider fluoride levels in drinking water; €, careful monitoring of caries
progression and prevention program; p, less concern about the quantity of toothpaste.

From Council on Clinical Affairs: Guideline on Caries-risk Assessment and Management for Infants, Children, and Adolescents, American Acad-

emy of Pediatric Dentistry, Reference Manual 36(6), 127-134, 2014.

or in one or two appointments with sedation, control of
the existing lesions will be definitive at that time. If the
restorative care is to be performed over several visits in
the outpatient setting, gross caries excavation as an ini-
tial approach in the control of rampant dental caries has
several advantages. The removal of the superficial caries
and the filling of the cavity with a glass-ionomer material
or zinc oxide-eugenol cement (IRM, Intermediate Restor-
ative Material; LD Caulk Co., Milford, DE, USA) will at
least temporarily arrest the caries process and prevent its
rapid progression to the dental pulp. Gross caries removal
can usually be accomplished easily in one appointment.
If there are many extensive caries lesions, however, a sec-
ond appointment may be necessary.

An alternative approach for some compliant children
(with compliant parents) old enough to rinse and expec-
torate, and for compliant adolescents, is to initiate in-
tensive and multiple antimicrobial and topical fluoride

therapies in conjunction with the necessary behavioral
lifestyle modifications and then to proceed systematically
with restorations and other indicated therapies.

REDUCTION IN THE INTAKE OF FREELY
FERMENTABLE CARBOHYDRATES

Excellent studies have shown a relationship between diet
and dental caries. As a result of these studies, considerable
emphasis has been placed on this phase of the caries con-
trol program. There is also much evidence to confirm that
between-meal snacking and the frequency of eating and
drinking are related to dental caries incidence.
Gustafsson and colleagues conducted a well-controlled
study of dental caries, now considered a classic, and ob-
served that a group of patients whose diet was high in
fat, low in carbohydrates, and practically free of sugar
had low caries activity.®© When refined sugar was added
to the diet in the form of a mealtime supplement, there
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was still little or no caries activity. However, when cara-
mels were given between meals, a statistically significant
increase in the number of new caries lesions occurred. It
was concluded from these studies that dental caries activ-
ity could be increased by the consumption of sugar if the
sugar was in a form easily retained on the tooth surface.
The more frequently this form of sugar was consumed be-
tween meals, the greater was the tendency for an increase
in dental caries.

Weiss and Trithart reported additional evidence for
the relationship between the incidence of dental caries
and between-meal eating habits.®! In a group of preschool
children it was found that most between-meal snacks
were of high sugar content or were high in adhesiveness.
The children who did not eat between meals had 3.3 de-
cayed, extracted, or filled primary teeth (deft), whereas
those who ate four or more items between meals had a
deft value of 9.8.

As mentioned earlier, sweetened liquids provided to
young children in nursing bottles can have enormous car-
iogenic potential. Likewise, carbonated soft drinks, juices,
sweetened drinks, and energy drinks are popular with older
children and adolescents and are readily available. Fre-
quent ingestion of these drinks is another form of snacking
that can promote and accelerate caries progression.

Investigations by Schachtele and Jensen®? and by Park
and colleagues® have indicated that the acidity of plaque
located in interproximal areas, which generally have less
exposure to saliva, may remain below the critical pH for
periods in excess of 2 hours after carbohydrate ingestion.
Because foods containing sugars in solution and retentive
sugars are included in the dietary analysis, 20 minutes may
be considered the minimal time each exposure permits
acid concentrations to be available in the bacterial plaque.

The following can be used in explaining the dental
caries process to a parent or child:

Fermentable carbohydrate + Oral bacteria within plaque
— Acid within plaque

Acid + Susceptible tooth — Tooth decay

REDUCTION OF DENTAL PLAQUE (AND
MICROORGANISMS) WITH GOOD ORAL
HYGIENE PROCEDURES

Chapter 14 discusses the importance of good oral hy-
giene in more detail, but it must be mentioned here as
a critically important component of any caries control
program. Berenie and colleagues studied the relationships
between frequency of toothbrushing, oral hygiene, gingi-
val health, and caries in 384 children, from 9 to 13 years
of age, who resided in a fluoride-deficient western New
York community.®* Of the children studied, 37% brushed
their teeth once a day, 37% brushed twice a day, and 13%
brushed less than once a day. The remaining children in
the group, approximately 13%, brushed their teeth three
or more times each day. A trend toward decreased scores
for decayed, missing, or filled permanent teeth (DMFT)
and decayed, missing, or filled permanent tooth sur-
faces (DMFS) accompanied increased daily brushing. The

increased frequency of daily toothbrushing had its most
significant positive effect on the level of oral hygiene.

Beal and colleagues studied the caries incidence and
gingival health of children who were 11 to 12 years old at
the start of the study.® The children’s dental cleanliness
was evaluated at yearly examinations for a 3-year period.
The children whose dental cleanliness was consistently
good had lower caries increments than those whose den-
tal cleanliness was consistently bad. Horowitz and col-
leagues have demonstrated the benefits of a school-based
plaque removal program in a 3-year study of children in
grades 5 to 8.9¢ At the end of the study, the adjusted mean
DMES scores were 13% lower in the supervised plaque re-
moval group than in the control group. The difference
between groups was accounted for entirely by a 26% dif-
ference in affected mesial and distal surfaces, a figure that
approached statistical significance (p = 0.07). Similarly,
Tsamtsouris and colleagues demonstrated that supervised
toothbrushing with instruction produces significantly
and consistently lower plaque scores, even in preschool
children, than were achieved through a control test of
the same children when they were neither supervised nor
instructed.®” The investigators concluded that constant
reinforcement is necessary to maintain effective plaque
control in preschool children.

Wright and colleagues conducted a clinical study to
evaluate the effect of frequent interdental flossing on
the incidence of proximal dental caries.®® Schoolchil-
dren from a fluoride-deficient area were studied after
clinical and radiographic examinations were performed.
Based on the observations of this study, the authors
concluded that frequent interdental flossing resulted in
a 50% reduction in the incidence of proximal caries in
primary teeth during a 20-month period. The longer the
period of interdental flossing, the greater the benefit;
however, there was little residual effect after flossing was
discontinued.

USE OF FLUORIDES AND TOPICAL
ANTIMICROBIAL AGENTS

Without doubt, the repeated use of fluorides is of criti-
cal importance for the control and prevention of dental
caries in both children and adults. Numerous controlled
clinical investigations have consistently demonstrated the
cariostatic properties of fluoride provided in a variety of
forms. As a topically applied therapeutic agent, fluoride is
effective in preventing future lesion development, in ar-
resting or at least slowing the progression of active cavitat-
ed lesions, and in remineralizing active incipient lesions.
Topical fluoride also has some antimicrobial properties.®°

Existing evidence indicates that the cariostatic activ-
ity of fluoride involves several different mechanisms.
The ingestion of fluoride results in its incorporation
into the dentin and enamel of unerupted teeth; this
makes the teeth more resistant to acid attack after erup-
tion into the oral cavity. Although it is present in very
low concentrations, ingested fluoride is secreted into
saliva and is accumulated in plaque, where it decreases
microbial acid production and enhances the remineral-
ization of the underlying enamel. Fluoride from saliva
is also topically incorporated into the enamel of newly



erupted teeth, thereby enhancing enamel mineralization
(frequently called enamel maturation), which decreases
caries susceptibility. The exposure of the teeth to fluoride
through professional application of fluoride varnishes,
gels, foams, and solutions, in addition to exposure from
dentifrices, engages almost all of the foregoing mecha-
nisms except the pre-eruptive incorporation into enam-
el. Numerous studies have shown that the presence of
fluoride greatly enhances the rate of remineralization
of demineralized enamel and dentin. Moreover, tooth
structure remineralized in the presence of fluoride con-
tains increased concentrations of fluorohydroxyapatite,
which makes the remineralized tissue more resistant to
future attack by acids than was the original structure. In
view of fluoride’s multiple mechanisms of action, it is not
surprising that treatment with fluoride through multiple
delivery systems has additive benefits. This supports the
recommendation that frequent exposure to fluoride is
beneficial for maximal caries prevention and control.

Communal Water Fluoridation

Research studies continue to support fluoridation of the
communal water supply as the most effective method of
reducing the dental caries problem in the general popula-
tion.”? In 1998 Stookey noted that approximately half of
the population of the United States enjoys the benefits of
fluoridated community water supplies.”!

Murray reviewed 113 studies conducted in 23 countries
to help clarify various reports on the benefits to primary
teeth of communal water fluoridation.’”? A thorough re-
view of the data clearly showed that water fluoridation
provides protection for primary teeth against dental car-
ies but to a somewhat lesser degree for permanent teeth.
The caries reduction benefits to primary teeth ranged be-
tween 40% and 50%, whereas the range for permanent
teeth was between 50% and 60%.

Carmichael and colleagues’3 and Rock and colleagues’*
have reported data in separate studies comparing the
caries incidence in children living in two fluoridated
communities with that in children living in two nonfluo-
ridated communities in England. The role of fluoridation
in reducing dental caries is obvious in both studies. The
study by Carmichael and colleagues also demonstrated
that children in lower social classes gain an even greater
caries-preventive benefit than children in higher social
classes. The reason is that, as a group, the children in the
lower social classes have a higher prevalence of proximal
caries lesions, and proximal tooth surfaces derive the
greatest benefit from fluoridation.

The protection afforded by the ingestion of fluoridated
water persists throughout the lifetime of the person. Sev-
eral studies have shown that the continuous ingestion
of fluoridated water during adulthood decreases the
prevalence of dental caries by about the same magnitude
as that observed in children.”>7¢ In addition, Stamm and
Banting have reported a 56% decrease in the prevalence
of root-surface caries in adults who lived continuously in
a fluoridated community.””

The posteruptive benefits associated with the inges-
tion of fluoridated water have also been demonstrated.
The posteruptive ingestion of fluoridated water can result
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in decreases in caries prevalence up to 30%.787 Similarly,
Hardwick and colleagues have reported a 27% reduction
in caries prevalence after 4 years of ingestion of fluoridat-
ed water by teenagers who were 12 years of age when fluo-
ridation was initiated.®” These observations are consistent
with the multiple mechanisms of the action of fluoride
cited earlier and support the significant contribution of
the exposure of the teeth to fluoride even in the very low
concentrations present in fluoridated drinking water.

Several studies concerning the reduced prevalence of
dental caries associated with the presence of fluoride in
communal water supplies have demonstrated apprecia-
bly lesser benefits, typically ranging between 18% and
30%.81-83 This decrease in attributable benefit is due to
the so-called halo effect associated with the preparation
of numerous foods and beverages in fluoridated commu-
nities and their consumption in nonfluoridated commu-
nities. Reports have attempted to quantify this halo effect
by measuring the fluoride intake of children residing in
communities that do not have a fluoridated communal
water supply and have shown that fluoride ingestion is
nearly 70% of that by residents of optimally fluoridated
communities.?485 Thus it is not surprising that only mod-
est differences in caries prevalence rates are noted be-
tween children residing in fluoridated and nonfluoridated
communities.

When fluoridation is discontinued in a community,
an increase in the dental caries incidence follows. Way
has reported that, after a 2-year lapse in drinking fluoride-
free water in Galesburg, Illinois, children experienced
as much as a 38% increase in tooth decay.®® Lemke and
colleagues have reported that in Antigo, Wisconsin, a
city of 9600, tooth decay rose 92% among kindergarten
children, 183% among second graders, and 100% among
fourth graders when fluoridation was discontinued.8’

Eichenbaum and colleagues reported interesting infor-
mation related to the long-term impact of communal flu-
oridation on the private practice of pediatric dentistry.58
A survey conducted from 1948 to 1950 showed that 86%
of the pediatric patients in a private pediatric dental prac-
tice needed restorative treatment, and nearly half of these
children required pulp therapy. The results of this survey
encouraged the city health officials to implement dental
health education and preventive programs that includ-
ed communal water fluoridation. A survey of the same
practice almost 30 years later (1977 to 1979) revealed a
dramatic change in the restorative needs of the children.
The majority of children needed no restorations, and the
number of teeth with pulp involvement was negligible.

In 1986 Smith estimated that the average annual cost
of fluoridating communal water supplies was approxi-
mately $0.25 per person.®’ Gish pointed out in 1979 that
the annual cost varied with the size of the community,
ranging from approximately $1.50 per person in very
small communities to as low as $0.10 per person in larger
metropolitan areas.”® These estimates are still valid, with
only upward adjustment for inflation. Communal water
fluoridation remains by far the most cost-effective caries-
preventive measure available.

In 2001 the Task Force on Community Preventive
Services of the CDC strongly recommended community
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water fluoridation and school-based or school-linked pit-
and-fissure sealant delivery programs for the prevention
and control of dental caries.”!

Fluoride-Containing Dentifrices

Extensive research initiated in the early 1950s ultimately
resulted in the identification of the first fluoride-containing
dentifrice (Crest; Procter & Gamble, Cincinnati, Ohio,
USA) capable of decreasing the incidence of dental car-
ies. This dentifrice contained stannous fluoride (SnF,) in
combination with calcium pyrophosphate as the clean-
ing and polishing system; and in 1964, based on more
than 20 clinical trials, it was accepted by the Council on
Dental Therapeutics of the American Dental Association
(ADA) as the first therapeutic dentifrice. The significance
of this original development has been profound; in fact
a review by Jenkins concluded that the general decline
in caries prevalence in Great Britain and other developed
countries appears to be attributable in large part to the
widespread use of effective fluoride-containing denti-
frices.”? Meta-analyses of more than 70 randomized or
quasi-randomized controlled clinical trials have shown
that fluoride toothpaste is efficacious in reducing the
prevalence of dental caries in permanent teeth. The ef-
fect was increased in children with higher baseline levels
of caries who used a higher concentration of fluoride in
the toothpaste, had greater frequency of use, and brushed
under supervision.”?

Caregivers should be counseled based on the child’s
age and caries-risk status.®® A smear of fluoridated tooth-
paste for children less than 2 years of age at increased
risk for dental caries may decrease risk of fluorosis. A
“pea-sized” amount of toothpaste is appropriate for
children aged two through 5 years (Fig. 9-5).9495 A Co-
chrane review found that the effect of fluoride tooth-
paste increases with higher frequency of use. There were
statistically significant associations between estimates
of DMFS-prevented fractions and frequency of use, with
a 14% increase in preventive fractions (95% CI: 6% to
22%) with twice-daily brushing vs once-daily brushing.
Children should brush twice a day.?®

Figure 9-5 Toothbrush with pea-sized amount of tooth-
paste.

Before 1981, attempts to identify a fluoride denti-
frice system significantly more effective than the origi-
nal stannous fluoride formulation were unsuccessful.
However, in 1981 the results of two clinical studies
demonstrated the superiority of a sodium fluoride com-
position.?””?8 A 3-year clinical study was conducted by
Beiswanger and colleagues®’ to determine the effect of a
sodium fluoride-silica abrasive dentifrice on dental car-
ies. The dentifrice, containing 0.243% sodium fluoride,
was compared with stannous fluoride in a study group
of 1824 schoolchildren from 6 to 14 years of age in In-
diana cities where water supplies were fluoride deficient
(containing less than 0.35 ppm fluoride). After 3 years
the group brushing with the sodium fluoride dentifrice
had significantly lower DMFT and DMES increments
than did the group brushing with the stannous fluoride
dentifrice. Two independent examiners found that the
reductions were 14.8% and 10.5% for DMFT and 16.4%
and 13.1% for DMES. These results are consistent with
those reported by Zacherl in which the sodium fluoride
dentifrice resulted in a 40.7% decrease in DMFS com-
pared with a 23.4% decrease observed with the stannous
fluoride dentifrice.”® Similarly, studies conducted by
Gerdin®? and by Edlund and Koch!%0 indicated that the
use of sodium fluoride dentifrices by children resulted in
significantly less caries than the use of dentifrices con-
taining sodium monofluorophosphate.

Topical Fluorides in the Dental Office
Fluoride-containing varnishes have been widely used in
Europe and other parts of the world for approximately
40 years but were not available in the United States until
1994. The first fluoride varnish was introduced in Europe
in 1964 and contained 5.0% sodium fluoride (or 2.26%
fluoride, equivalent to 22,600 ppm). A second product
was introduced in Europe in 1975 and contained 0.9%
silane fluoride (or 0.1% fluoride). Much more research has
been conducted on the sodium fluoride system, and it is
the most widely accepted.

Petersson,'%! Horowitz and Ismail,'°2 and Petersson
and colleagues'? have reviewed the numerous controlled
clinical trials of fluoride varnishes and concluded that
these materials are equally as effective as professional
topical fluoride applications for the prevention of dental
caries in children. Seppd and colleagues investigated the
effect of the sodium fluoride varnish in children with pre-
viously high caries experience and found that this mea-
sure resulted in numerically fewer new caries lesions than
was achieved with semiannual applications of an acidu-
lated phosphate fluoride (APF) gel during a 3-year study
period.!%* These investigators also noted that the data for
use of this varnish satisfied the criteria of the ADA for the
claim of being “at least as good as” professionally applied
topical fluoride gels. Helfenstein and Steiner performed a
meta-analysis of the data from several clinical trials and
found that use of the sodium fluoride varnish resulted in
an overall reduction of 38% in caries of the permanent
teeth.10

The periodic professional topical application of more
concentrated fluoride solutions, gels, foams, or var-
nishes has been repeatedly demonstrated to result in



a significant reduction in the incidence of dental car-
ies in both children and adults, as well as in the arrest
of incipient lesions.'%® As a result, professional topical
fluoride applications are recommended for all children
and adolescents at moderate to high caries risk. Even
in the absence of dental caries activity, topical fluoride
applications for children are recommended as a means
of raising the fluoride content of the enamel of newly
erupted teeth, thereby increasing the resistance of these
teeth to caries formation. Historically the periodic topi-
cal application of fluoride was first demonstrated in the
early 1940s to be effective for the prevention of dental
caries. Since that time, many hundreds of publications
have provided additional data to confirm the efficacy
of professionally applied topical fluoride treatments for
caries prevention.!0¢

A 4-minute treatment time has been typically recom-
mended for professionally applied topical fluoride solu-
tions, gels, or foams. They are less effective than fluoride
varnish.!% Some manufacturers recommend only a
1-minute application. Most of the fluoride uptake in the
enamel occurs during the first minute after application.
However, measurable benefits do continue to accrue for
approximately 4 minutes if the topical preparation re-
mains in contact with the teeth. Therefore the 4-minute
application is recommended whenever possible. If gel or
foam is applied with a tray technique, the trays should
be about one-third full for gel and one-half full for foam.
Usually both upper and lower trays are inserted at once
to complete the topical fluoride treatment in one 4-min-
ute application. Some trays are supplied as a connected
double set. The patient sits in an upright position with
his/her head tipped slightly forward to allow excess sa-
liva and fluoride to flow toward the lips. With a saliva
ejector inside the patient’s mouth, the tip is moved to
help control drooling and the swallowing of fluoride.
The dentist or appropriate office staff should supervise
the treatment and provide assistance as needed. Patients
requiring assistance also often need positive reinforce-
ment during the procedure. Extra caution and special
application techniques are required when topical solu-
tions, gels, or foams are placed in the mouths of chil-
dren. For children 4 years of age and younger, trays may
be challenging to use.

The results of independent clinical trials have raised
serious questions about the need for dental prophylaxis
before the topical application of fluoride. Ripa and col-
leagues compared the caries incidence during a 3-year
period in children given semiannual topical applica-
tions of fluoride after different cleaning procedures.!0”
Before each fluoride treatment the children received
conventional prophylaxis with a nonfluoride pro-
phylactic paste, performed supervised toothbrushing
and flossing, or rinsed their mouths with water. Caries
increments after 3 years were essentially identical in all
the treatment groups, indicating that the manner of
cleaning the teeth before the fluoride treatment may not
influence the cariostatic activity of the fluoride applica-
tions. Similarly designed clinical trials were conducted
by Houpt and colleagues,'%8 Katz and colleagues,'%” and
Bijella, !9 with results comparable with those observed
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by Ripa and colleagues.!97.110 Collectively these studies
indicate that prophylaxis before a topical fluoride ap-
plication may be an optional procedure with regard to
caries reduction.

Beginning with reports by Ekstrand and colleagues'!!
and LeCompte and Whitford,''? several investigators
have expressed concern regarding the amount of fluo-
ride swallowed by children during a topical fluoride ap-
plication. These reports indicated that, depending on the
manner of application, 15 to 31 mg of fluoride may be
swallowed during the treatment. Stookey and colleagues
explored the feasibility of permitting patients to rinse af-
ter a topical fluoride application as a means of reducing
fluoride ingestion.!!3 However, they observed that rinsing
with water significantly decreased fluoride deposition in
incipient caries lesions. The patient should be encouraged
not to eat, drink, or rinse for 30 minutes after the treat-
ment, to maximize fluoride uptake in enamel.

The sodium fluoride varnish (Fig. 9-6) is particular-
ly recommended for use in children because of its ease
of application and equal efficacy to APF systems.”! The
varnish is applied with a soft brush, with reapplications
recommended at 3- to 6-month intervals depending on
caries-risk assessment. A more intensive annual treat-
ment regimen consisting of three applications within a
10-day period was investigated and was observed to be as
effective as applications every 4 months.!'#116 Further-
more, single annual applications have been found to be
without clinical benefit. Because less than a milliliter of
varnish is used for a professional treatment in children,
the amount of fluoride that will ultimately be ingested
when the varnish is lost from the tooth surfaces is less
than 3 mg. Thus there are no practical concerns regard-
ing safety, and this procedure is frequently recommend-
ed for use in children in place of the traditional topical
fluoride gel application.

Topical Fluorides for the General Anesthesia
Patient

The application of fluoride to the teeth of children re-
ceiving dental care under a general anesthetic, after the
placement of restorations, is certainly recommended.
Thorough prophylaxis should precede the placement of

Figure 9-6 Application of white fluoride varnish.
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the rubber dam for a quadrant of restorations. The fluo-
ride should be applied after the restorative work has been
completed.

Over-the-Counter Fluoride Mouthrinses and Gels
The use of dilute oral fluoride rinses and gels as an addi-
tional dental caries control measure has become another
helpful adjunct. Children younger than 4 years of age may
not have full control over their swallowing reflexes; there-
fore caution should be exercised when these products are
recommended for home use for this age group. However,
some small children can expectorate rinses quite reliably
under proper supervision, or the parent can brush on the
gel and wipe away the excess.

Radike and colleagues observed schoolchildren who
rinsed their mouths once each school day for 2 school
years with a stannous fluoride mouthrinse containing
250 ppm fluoride (about 0.1% stannous fluoride).!!”
There was a significant reduction in dental caries at the
end of the first and second school years. Two indepen-
dent examiners found caries reductions of 33% and 43%
in DMEFS scores. The anticaries benefit from the stannous
fluoride mouthrinse was especially encouraging because
the children were already receiving the optimum benefit
of water fluoridation.

Extensive field research has been conducted on the
use of fluoride mouthrinses. Most studies incorporate
the use of a 0.2% sodium fluoride rinse once weekly or
a 0.05% sodium fluoride rinse once daily. As does the
work previously summarized, these other studies show
unquestionable caries-preventive benefits of the regular
use of self-administered fluoride rinses when properly
supervised. These benefits accrue to primary and permanent
teeth, and seem to be helpful both in fluoridated areas
and in areas with nonfluoridated water. The studies by
Heifetz!'® and by Ripa and Leske!!? are cited in the refer-
ences listed at the end of this chapter as good examples of
clinical research with fluoride rinses. Studies supporting
the use of the dilute gels are not as numerous as those for
the rinses, but some gels have been approved.

Prescription Home-Use Fluoride Mouthrinses,
Toothpastes, and Gels

Additional at-home topical fluoride treatments involving
increased concentrations of fluoride should be considered
for children at high risk for caries. These may include over-
the-counter or prescription-strength formulations.!'?0 A
meta-analysis of permanent teeth indicated that there
is a statistically significant reduction in caries with the
use of prescription-strength fluoride mouthrinses (0.09%
fluoride, equivalent to 900 ppm) compared with placebo,
no treatment, or Oral Hygiene Instruction (OHI) and pro-
phylaxis. By frequency of use, daily and weekly rinsing
showed statistically significant effects, while biweekly
rinsing showed no!% significant improvement.

The primary difference between gels and toothpastes
(0.5% fluoride, equivalent to 5000 ppm) is that pastes
contain a small amount of an abrasive component. Two
meta-analyses, one for primary teeth and another for per-
manent teeth, showed a statistically significant reduction
of dental caries with prescription-strength 0.5% fluoride

toothpaste or gel compared with no treatment, placebo,
or a 0.125% to 0.145% fluoride toothpaste.!0

Dietary Fluoride Supplements

A review of the literature on the value of fluorides admin-
istered during pregnancy failed to disclose any valid evi-
dence to support such use, even in nonfluoridated areas.

Participants in a symposium concerning the use of
prenatal fluorides agreed that transfer of fluoride does oc-
cur from the mother to the fetus through the placenta.!?!
A study by Katz and Muhler suggested that the effect of
fluoride on primary teeth is mainly topical, posteruption,
and postnatal.!?2123 In a study to determine the effect of
waterborne fluoride on dental caries in primary teeth, in-
vestigators examined 890 children from 4 to 7 years of
age in one Indiana city having a communal water supply
with only 0.05 ppm fluoride and in three cities having a
supply with a concentration of 1 ppm fluoride. Children
living in the cities with 1 ppm fluoride in the water had
between 35% and 65% fewer dental caries lesions in their
primary teeth than those living in the fluoride-deficient
city. Comparisons of dental caries incidence in the pri-
mary teeth of children living in the same city and who
were exposed either prenatally or postnatally or exclu-
sively postnatally showed no between-group differences.

The natural fluoride content of the water should first be
determined. Fluoride supplements should be prescribed
only for children who are at high risk of developing caries
and after all other sources of fluoride (toothpaste, fluoride
in water, infant formula, etc.) have been evaluated. When
the primary source of drinking water is deficient in fluo-
ride and the child is at high risk for caries, careful consid-
eration of systemic fluoride supplements (drops, lozenges,
beads) should be given before fluoride supplements are
prescribed. If the natural fluoride content is 0.4 ppm or
higher, supplements should not be administered.!?* If the
fluoride content is below 0.4 ppm, the administration of
fluoride supplements should be considered only after a re-
view of all other types of fluoride sources, and if the child
is at moderate to high risk for caries.!?*

Several studies have reported the caries-preventive
effects of adding fluoride to a variety of foods and bever-
ages. Fluoride in countries outside the United States has
been used as a caries-preventive additive in salt, milk, and
even sugar.'?> Numerous reports show that these products
can have measurable and favorable results when used as
intended. Such products are designed for use by specific
and targeted population groups.

Combinations of Fluoride Therapies

There is considerable evidence to suggest that using com-
binations of therapeutic fluoride agents often produces
additive anticariogenic effects. The evidence also indicates
that the earlier fluoride therapy is initiated in children,
the more effective the caries control will be. However, one
must use caution in prescribing multiple therapies in chil-
dren, to avoid excessive fluoride ingestion.

Fluorosis
Fluoride is the most effective caries-preventive agent
commercially available today. Except in a patient with



a fluoride allergy (very rare), it is considered complete-
ly safe when properly used. Fluorosis is associated with
cumulative fluoride intake during enamel develop-
ment, with the severity dependent on the dose, dura-
tion, and timing of systemic fluoride ingestion.”® The
ingestion of high concentrations can lead to nausea,
vomiting, dental fluorosis (mottling), or, in extreme
cases, even death, especially in children. Sources of di-
etary fluoride may include drinking water from home,
day care, and school; beverages such as soda, juice,
and infant formula; prepared food; and toothpaste. In-
fant formulas, especially powdered formulas that have
been reconstituted with fluoridated water, have been asso-
ciated with an increased risk of fluorosis.!?¢ Extreme care
must be used to safeguard the agents from inappropriate
or inadvertent ingestion. It is imperative that the dental
profession have full awareness of the hazards accompany-
ing its use and yet be prepared to use it to the patient’s
maximum advantage through careful consideration of
each patient’s individual situation.

DIAGNOSTIC TOOLS

Caries detection is entering a new era, with technologies
capable of both detecting lesions at an earlier stage of
development and quantifying the impact of noninvasive
professional fluoride treatments such as fluoride varnishes.
There are several different instruments available on the
market that may be able to assist with the early detection
of caries. Each of these instruments must be used in com-
bination with a detailed clinical examination and review
of caries risk for each child. There is insufficient scien-
tific evidence for diagnostic accuracy regarding fiberoptic
methods and quantitative light-induced fluorescence. The
electrical methods and laser fluorescence could be useful
adjuncts to visual-tactile and radiographic examinations,
especially on occlusal surfaces in permanent and primary
molars, but evidence is graded as limited. No conclusions
can be drawn regarding the cost-effectiveness of these
detection methods. Early identification will provide evi-
dence to guide the dental professional in implementing
various measures for the reversal and control of these caries
lesions.!27,128

INFRARED LASER FLUORESCENCE (DIAGNOdent)

DIAGNOdent is an instrument designed to facilitate the
detection and quantification of dental caries on occlusal
and smooth surfaces (Kaltenbach & Voigt GmbH & Co.,
Biberach/Riss, Germany) (Fig. 9-7). It uses a diode laser
light source and a fiberoptic cable that transmits the
light to a handheld probe with a fiberoptic eye in the
tip. The light is absorbed and induces infrared fluores-
cence by organic and inorganic material. The emitted
fluorescence is collected at the probe tip, transmitted
through ascending fibers, and processed and presented
on a display window as an integer between O and 99.
Increased fluorescence reflects potential caries-affected
tooth substance. The identity of the material responsi-
ble for the fluorescence is still under investigation, but
it appears to be bacterial metabolites, particularly the
porphyrins.128
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Figure 9-7 Infrared laser fluorescence diagnostic machine.

Many in vitro studies and a few in vivo (clinical) stud-
ies of the performance of this instrument have been re-
ported. The results of the various in vitro studies have
indicated that DIAGNOdent is capable of detecting rela-
tively advanced caries lesions, and DIAGNOdent readings
show a very good correlation with histologic evidence of
caries, but not with the depths of the lesions in dentin.
However, the results of the in vitro studies have also indi-
cated that the readings are influenced by several variables,
including the type of restoration present on the tooth,
degree of dehydration of the lesion, presence of dental
plaque, and presence of various types of stain in occlusal
fissures. An example of this is that readings would be very
high for resins and sealants, indicating caries where there
may be none.!27,128

The results of clinical investigations have shown sig-
nificant differences in readings between different DIAG-
NOdent instruments with regard to the extent of occlusal
caries, which raises questions regarding the selection of a
value of 20 or 25 to indicate the presence of caries. Instru-
ment readings higher than 20 or 25 suggest the presence
of caries, and higher readings generally reflect more
extensive lesion progression, although there does not
appear to be a linear relationship between the readings
and the extent of the lesion. Prudent use of the instrument
could identify early lesions that should be considered for
preventive rather than restorative treatment.!27,128

DIGITAL IMAGING FIBEROPTIC
TRANSILLUMINATION

Conventional clinical caries examinations routinely use
transillumination to identify lesions located on the in-
terproximal surfaces of the anterior teeth. For at least
30 years a fiberoptic transillumination (FOTI) instrument
has been available for clinical use. It provides an intense
light beam that is transmitted through a fiberoptic cable
to a specially designed probe to permit the use of transil-
lumination on the proximal surfaces of posterior teeth.
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Repeated improvements have been made in the instru-
ment so that it may be used on occlusal and proximal
tooth surfaces and the instrument is commonly used,
often in place of radiographs, in private practices in
Europe. Digital imaging fiber optic transillumination
(DIFOTI) (Electro-Optical Sciences, Inc., Irvington, New
York, USA) is a further advancement of this technology,
in which the visually observed images are captured with
the use of a digital charge-coupled device (CCD) cam-
era and sent to a computer for analysis with dedicated
algorithms.

QUANTITATIVE LIGHT FLUORESCENCE

The most extensively investigated technique available for
the early detection of dental caries is quantitative light
fluorescence (QLF). Numerous additional in vitro and in
situ studies have confirmed this important correlation be-
tween the amount of observed fluorescence and the min-
eral content of the lesions, and have made it possible to
develop a system that could truly assess changes in either
the progression or regression of caries lesions.

The fluorescent filtered images are captured with a
color CCD camera. From these clinical studies, it is appar-
ent that QLF enhances the early detection of dental caries
and is uniquely useful in monitoring the progression or
regression of lesions.

Numerous investigations have demonstrated the
practical usefulness of QLF for the early detection of
dental caries on occlusal and smooth tooth surfaces, and
for the quantification of lesion changes related to treat-
ment procedures and environmental factors such as oral
hygiene. The only significant limitation to this instru-
ment is its inability to detect or monitor interproximal
lesions. 127,128

OTHER PREVENTIVE THERAPIES
CHLORHEXIDINE AND THYMOL

As an oral antimicrobial, chlorhexidine has been used in
oral rinses, dentifrices, chewing gum, varnish, and gel.
In the United States, it is used most often in the form
of a prescription oral rinse. Many children object to the
taste of these products, but they have been shown to be
effective against the microorganisms causing both caries
and periodontal disease. Additionally, most chlorhexi-
dine mouthrinses contain a high concentration of alco-
hol; thymol has also been included with chlorhexidine
in some varnish preparations. To date, these products
have not shown superior caries-preventive results when
compared with multiple fluoride therapies, and they may
require more frequent application to be effective.

POVIDONE-IODINE

Considerable data exist from laboratory and animal stud-
ies to confirm the dramatic suppression of MS by iodine.
Several studies in humans have been conducted, but
there is insufficient evidence that the use of iodine low-
ers the incidence of caries. Short-term reductions of MS
have been noted, but long-term reductions have not been
reported.!3!

XYLITOL

Xylitol is a sweetener that inhibits the growth of MS.
Numerous studies seem to confirm its anticariogenic capa-
bility. Clinically effective levels of xylitol show MS strains
with reduced adhesion to the teeth and other reduced vir-
ulence properties, such as less acid production.!? Xylitol
has been tested as an additive to a variety of foods and to
dentifrices. However, the vast majority of published data
come from studies in which xylitol was incorporated into
chewing gum. Mdkinen has reported numerous studies
on the topic, most of them performed with many differ-
ent co-workers in different parts of the world. In 2000
he published a concise summary entitled, “The Rocky
Road of Xylitol to Its Clinical Application.”!3 A recent
evidence-based review concluded that there is insuffi-
cient evidence that the use of xylitol gum, chlorhexidine
varnish or gel, or calcium supplementation in mothers
lowers the incidence of caries in their children. Clinicians
may consider recommending xylitol use to moderate- or
high-caries-risk patients. Those recommending xylitol
should be familiar with the product labeling and recom-
mend age-appropriate products. They should routinely
reassess a child for changes in caries-risk status and adjust
recommendations accordingly.!29:131

CARIES VACCINE

A vaccine to prevent the disease of dental caries has been
an anticipated scientific breakthrough since at least the
early 1940s. Research efforts assume that MS is the princi-
pal etiologic organism of dental caries, and the develop-
ment of a method of immunization specifically targeted
at neutralizing MS has been a major thrust of caries vac-
cine research. Bowen reported that monkeys remained
caries-free for more than 6 years after the animals re-
ceived intraoral injections of killed MS, even though the
monkeys were fed highly cariogenic diets and had severe
malocclusion that would predispose them to caries.!3?
Most current research is being directed toward a greater
understanding of the immune system and specifically of
immune responses to MS. The route of administration of
the vaccine is usually mucosal absorption by intraoral or
intranasal tissues.

DENTAL CARIES ACTIVITY TESTS

For the larger part of a century, dental scientists have
been trying to develop a convenient method for quan-
titatively measuring the degree of dental caries activity
in individual patients. Techniques requiring laboratory
procedures to determine oral bacterial counts or their
aciduric potential have been developed and used. More
recently, convenient paper test strips to gauge salivary
microbial density in patients have been tested. No truly
convenient and efficient test method has yet been devel-
oped that has sufficient accuracy to be a reliable caries ac-
tivity indicator. Research continues in this area, because
having an accurate, convenient, and efficient test to
measure early caries activity and its level of potential, es-
pecially in young children, would be a very useful diag-
nostic tool for private practitioners and public health
assistance providers.!33



DENTIST’S ROLE IN THE CARIES
CONTROL PROGRAM

The success of a dental caries control program depends to
a great extent on the interest and cooperation of the pa-
tient and the patient’s caregivers. Rampant caries should
not be viewed as a hopeless problem. Diagnostic, thera-
peutic, and preventive measures are available to control
it. In the clinical management of rampant caries, the den-
tist’s role consists of seeking and eliminating the cause
to the extent possible. This includes trying to correct in-
appropriate habits or deficiency states that may be con-
tributing factors, restoring the salvageable teeth to good
form and function, and, finally, making use of all avail-
able therapeutic preventive and control measures in an
established, ongoing manner.

Successful management of all active dental caries prob-
lems also requires careful diagnosis, complete dental and
medical history-taking, the initiation of a comprehensive
preventive program, the application of sound principles
of restorative dentistry, and the establishment of a regu-
lar recall schedule for maintenance and reemphasis of the
preventive procedures. The recall appointment should be
set at each visit based on the clinician’s judgment of the
patient’s caries risk for future disease at that time.!3*
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Pit-and-Fissure Sealants and
Preventive Resin Restorations

Brian J. Sanders

For additional resources, please visit the € website.
CHAPTER OUTLINE
CLINICAL TRIALS Etching PREVENTIVE RESIN RESTORATION
RATIONALE FOR USE OF SEALANTS Washing (SEALED COMPOSITE RESIN

SELECTION OF TEETH FOR SEALING

SEALANT TECHNIQUE Check of Occlusal
Cleaning Interferences
Isolation Reevaluation

etching as a simple method of increasing the adhesion

of self-curing methyl methacrylate resin materials to
dental enamel.! He used 85% phosphoric acid to etch
enamel for 30 seconds. This produces a roughened surface
at the microscopic level, which allows for the mechanical
bonding of low-viscosity resin materials.

The first materials used experimentally as sealants were
based on cyanoacrylates but were not marketed. By 1965
Bowen had developed the bis-GMA resin, which is the
chemical reaction product of bisphenol A and glycidyl
methacrylate.? This is the base resin used in most of the
current commercial sealants. Urethane dimethacrylate
and other dimethacrylates are alternative resins used in
sealant materials.

For chemically cured sealants, a tertiary amine (activa-
tor) in one component is mixed with another component
containing benzoyl peroxide, and their reaction produces
free radicals, which initiate polymerization of the sealant
material.

The other sealant materials are activated by an exter-
nal energy source. The early light-activated sealants were
polymerized by the action of ultraviolet rays (which are
no longer used) on benzoin methyl ether or higher-alkyl
benzoin ethers to activate the peroxide curing system. The
visible light—curing sealants have diketones and aromatic
ketones, which are sensitive to visible light in the wave-
length region of 470 nm (blue region). Some sealants con-
tain filler, usually silicon dioxide microfill or even quartz.

Sealant materials may be transparent or opaque.
Opaque materials are available in tooth color or white.
Transparent sealants are clear, pink, or amber. The clear
and tooth-colored sealants are aesthetic but are difficult
to detect at recall examinations. Advances in sealant tech-
nology include light-activated coloring agents that allow
for color change during and/or after polymerization.
These compositional changes do not affect the sealant
but offer the benefit in the recognition of sealed surfaces.

{ n 1955 Buonocore described the technique of acid-

Application of Sealant

RESTORATION)

The cariostatic properties of sealants are attributed to
the physical obstruction of pits and grooves. This pre-
vents colonization of pits and fissures with new bacteria
and also prevents fermentable carbohydrates from reach-
ing any bacteria remaining in the pits and fissures, so that
the remaining bacteria cannot produce acid in cariogenic
concentrations.

CLINICAL TRIALS

Many clinical studies have reported the success of pit-
and-fissure sealants with respect to caries reduction. As
the longevity of the sealant increases, the retention rate
becomes a determinant of its effectiveness as a caries-
preventive measure.

In 1983 a National Institutes of Health Consensus Pan-
el considered the available information on pit-and-fissure
sealants and concluded that “the placement of sealants is
a highly effective means of preventing pit and fissure car-
ies. [...] Expanding the use of sealants would substantially
reduce the occurrence of dental caries in the population
beyond that already achieved by fluorides and other pre-
ventive resources.”3

In 1991 Simonsen reported on a random sample of
participants in a sealant study recalled after 15 years.*
He reported that in the group with sealants, 69% of the
surfaces were sound 15 years after a single sealant ap-
plication, whereas 31% were carious or restored. In the
group without sealants, matched by age, gender, and
residence, 17% of the surfaces were sound, whereas
83% were carious or restored. He also estimated that a
pit-and-fissure surface on a permanent first molar is 7.5
times more likely to be carious or restored after 15 years
if it is not sealed with a single application of pit-and-
fissure sealant.

The use of glass ionomer as a sealant material has the
advantage of continuous fluoride release; in addition, it
is hydrophilic and its preventive effect may continue
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with the visible loss of the material. Glass ionomer
may be useful as a sealant material in deeply fissured
primary molars that are difficult to isolate due to the
child’s precooperative behavior and in partially erupted
permanent molars that the clinician believes are at risk
for developing decay. Antonson and colleagues con-
cluded that glass-ionomer sealants had greater success
in the sealing of partially erupted teeth and combating
potential salivary contamination.’ In such cases, glass-
ionomer materials must be considered a provisional
sealant to be reevaluated and probably replaced with
resin-based sealants when better isolation is possible.
Further long-term research is necessary before such
materials are recommended as routine pit-and-fissure
sealant materials.

A systematic review of evidence regarding the effec-
tiveness of sealants in stabilizing or reducing bacterial
levels in carious lesions found that sealants were effective
in reducing total bacteria, and this number continued to
decrease with the time of sealant placement. The findings
of these investigators continue to support the notion that
a retained sealant can deprive bacteria of access to nu-
trients and therefore can be effective in reducing caries
progression.®$

Wendt and Koch annually followed 758 sealed occlu-
sal surfaces in first permanent molars for 1 to 10 years.’
At the end of their study, evaluation of the surfaces that
had been sealed 10 years previously revealed that only 6%
showed caries or restorations. Romcke and associates an-
nually monitored 8340 sealants placed on high-risk (for
caries) first permanent molars during a 10-year period.!?
Maintenance resealing was performed as indicated dur-
ing the annual evaluations. One year after the sealants
were placed, 6% required resealing; thereafter, 2% to 4%
required resealing annually. After 8 to 10 years 85% of the
sealed surfaces remained caries-free.

Retrospective studies based on billing data from large
third-party databases reveal that sealant use is still surpris-
ingly low, even in populations for whom sealants are a
covered benefit.1112 In addition, these studies show that
the effectiveness of sealants in preventing the need for
future restorative care on the sealed surfaces declines after
the first 3 years following sealant treatment. These data
argue again for the importance of vigilant recall and up-
keep of sealants after placement.

Another concern is the placement of sealants imme-
diately after topical fluoride application. Clinical and
in vitro studies have shown that topical fluoride does
not interfere with the bonding between the sealant and
enamel.!314

RATIONALE FOR USE OF SEALANTS

In 2008 the report on “Evidence Based Clinical Recom-
mendations for the Use of Pit and Fissure Sealants” by
the American Dental Association’s Council on Scientific
Affairs concluded that sealants are effective in caries pre-
vention and can prevent the progression of early noncavi-
tated caries lesions.!®

The American Academy of Pediatric Dentistry’s Pediatric
Restorative Dentistry Consensus Conference!® confirmed

support for sealant use and published these recommenda-

tions:

1. Bonded resin sealants, placed by appropriately
trained dental personnel, are safe, effective, and
underused in preventing pit-and-fissure caries on
at-risk surfaces. Effectiveness is increased with good
technique and appropriate follow-up and resealing
as necessary.

2. Sealant benefit is increased by placement on surfaces
judged to be at high risk for, or surfaces that already
exhibit, incipient caries lesions. Placing sealant
over minimal-enamel caries has been shown to be
effective at inhibiting lesion progression. As with
all dental treatment, appropriate follow-up care is
recommended.

3. The best evaluation of risk is made by an experienced
clinician using indicators of tooth morphology,
clinical diagnostics, past caries history, past fluoride
history, and present oral hygiene.

4. Caries risk, and therefore potential sealant benefit,
may exist in any tooth with a pit or fissure, at any
age, including primary teeth of children and perma-
nent teeth of children and adults.

5. Sealant placement methods should include careful
cleaning of the pits and fissures without removal of
any appreciable enamel. Some circumstances may
indicate use of a minimal-enameloplasty technique.

6. Placement of a low-viscosity, hydrophilic material-
bonding layer as part of or under the actual sealant
has been shown to enhance its long-term retention
and effectiveness.

7. Glass-ionomer materials have been shown to be inef-
fective as pit-and-fissure sealants but can be used as
transitional sealants.

8. The profession must be alert to new preventive
methods effective against pit-and-fissure caries.
These may include changes in dental materials or
technology.

SELECTION OF TEETH FOR SEALING

To gain the greatest benefit, the clinician should deter-
mine the caries risk; thus the term risk-based sealant treat-
ment has come into use. In risk-based sealant treatment,
the practitioner takes into account prior caries experi-
ence, fluoride history, oral hygiene, and fissure anatomy
in determining when sealant should be applied.

Good professional judgment should be used in the se-
lection of teeth and patients. The use of pit-and-fissure
sealants is contraindicated when rampant caries or inter-
proximal lesions are present. Occlusal surfaces that are
already carious with involvement of the dentin require
restoration.

All caries-susceptible surfaces should be carefully eval-
uated, because caries is unlikely in well-coalesced pits and
fissures. In this case sealants might be unnecessary or, at
least, not cost-effective. Finally, although sealant appli-
cation is relatively simple, the meticulous technique re-
quires patient cooperation and should be postponed for
uncooperative patients until the procedures can be prop-
erly executed.
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While the cost-effectiveness of sealing permanent
teeth is well established, it has not been well studied
for primary teeth. Chi and colleagues attempted to ad-
dress this question by analyzing the cost-effectiveness
comparing two primary molar sealing strategies, always
seal or never seal, with the standard care for Medicaid-
enrolled children.!” Using Iowa Medicaid claims data,
they found that:

1. Primary molar sealants prevent dental disease.

2. Primary molar sealants lead to higher costs, although
sealants for children at increased risk for tooth decay
would be one cost-reducing strategy.

3. Compared with standard care, the incremental cost
and treatment avoided for always sealing primary mo-
lars are less than the incremental cost and treatment
avoided for never sealing primary molars.

SEALANT TECHNIQUE

After selection the tooth is washed and dried, and the
deep pits and fissures are reevaluated (Fig. 10-1, A). If car-
ies is present, restoration or a combination of restoration
and sealing may be indicated (see later).

Marking centric stops with articulating paper pro-
vides information so that excess sealant does not inter-
fere with occlusion. This is not necessary when the tooth
has just erupted but is helpful in a well-established oc-
clusion.

CLEANING

Adequate retention of the sealant requires that the pits
and fissures be clean and free of excess moisture (see Figs.
10-1, B and 10-1, C). Acid-etching completely removes
the enamel pellicle, and a dental prophylaxis (even with
a dental explorer) does not increase the retention of seal-
ants. From a practical standpoint, in cases of poor oral
hygiene, fissure cleansing with a rotating dry bristle brush
may be beneficial.

Pope and colleagues found, in a laboratory study, that
the use of a quarter round bur produced the greatest pen-
etration of the sealant into the etched enamel.'® The use
of an aluminum oxide air abrasion system enables seal-
ant penetration greater than that achievable by the use
of pumice or a dry bristle brush alone. It is not known
if the increased depth of sealant penetration will result
in greater sealant retention. When pumice or aluminum
oxide is used, particulate matter is left in the deep re-
cesses of the pits, the impact of which has not been de-
termined.

Hatibovic-Kofman and colleagues measured the mi-
croleakage of sealants placed in three groups of extracted
teeth.!® The teeth received conventional (etch), quarter
round bur, or air abrasion surface preparation. Teeth pre-
pared with the bur exhibited the least microleakage. The
amount of microleakage in the conventional and air abra-
sion groups was about equal.

The routine procedure of fissure eradication is prob-
ably not necessary. In fact, inappropriate or aggressive use
of fissure opening or enameloplasty often removes the
last of the enamel overlying the dentin at the bottoms of
fissures, which leaves the tooth more susceptible to future
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caries in case of sealant loss. Good sealant methodology
and proper sealant volume are probably more beneficial
than enameloplasty.

ISOLATION

The tooth (or quadrant of teeth) to be sealed is first isolat-
ed. Rubber dam isolation is ideal but may not be feasible
in certain circumstances. Cotton rolls, absorbent shields,
and high-volume evacuation with compressed air may
also be used effectively.

Eidelman and associates reported comparable reten-
tion results with the use of a rubber dam and cotton rolls
for the isolation of teeth to be sealed.2’

ETCHING

Microporosities in the enamel surface are created by the
acid-etching technique. This facilitates the application of
a low-viscosity resin that penetrates the roughened sur-
face and produces a mechanical lock of resin tags when
cured.

Various phosphoric acid solutions have been evalu-
ated for the etching procedure. Zidan and Hill tested the
amount of surface loss of the enamel after 60 seconds of
etching with different phosphoric acid concentrations
ranging from 0.5% to 80%.2! They reported that the
maximum loss of the enamel was produced by the 35%
concentrations, whereas the bond strengths were not sig-
nificantly different after being etched with 2%, 5%, and
35% concentrations. Generally, from 30% to 50% acid so-
lutions or gels are recommended.

The etchant in solution should be placed on the
enamel with a brush, small sponge, cotton pellet, or
applicator provided by the manufacturer. The etchant
should be placed widely across the surface to be sealed,
so that there is no chance that resin placement and po-
lymerization will occur over an unetched enamel area. If
a solution is used, one should gently agitate and replen-
ish it, making an effort to avoid rubbing and breaking
the enamel rods.

Occasionally a viscous gel etchant may show a “skip-
ping” effect, which occurs when the etchant does not
completely and uniformly wet the entire enamel surface,
and unetched areas are evident after washing and drying.
If this occurs, reetching is necessary.

Generally a 20-second etching time is recommended.
Enamel rich with fluorhydroxyapatite may be resistant to
etching and may need to be exposed for longer periods.
Primary teeth may also sometimes be resistant to etch-
ing and may require a longer etching time. Redford and
colleagues reported no increase in bond strength with
120-second etching on primary teeth compared with 15-,
30-, and 60-second etching times.?? Their in vitro study
showed that the etch depth increased between 60 and
120 seconds, but there was no corresponding increase in
bond strength.

Some advocate preparing the enamel for sealant appli-
cation with an aluminum oxide air abrasion system or a
laser system approved for hard-tissue procedures. To date,
studies indicate that additional acid-etching is needed af-
ter each of these techniques to allow for adequate resin
bonding to the enamel.
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Figure 10-1 A, An occlusal view of a molar with susceptible pits and fissures. B, The tooth is cleaned with a rotary brush.

C, The tooth is etched. D, The tooth appears frosty after being etched, washed, and dried. E, The bonding agent is placed on
the tooth. F, The sealant is applied to the tooth. G, The sealant is checked for polymerization voids and excess. H, The occlusion
is adjusted as necessary.
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WASHING

Most manufacturers’ instructions advocate a thorough
washing and drying of the etched tooth surface but do
not specify a time interval. Phillips advocated a 40-second
washing time,?3 and Norling advocated 20 seconds.?*

The etched enamel is dried with a compressed air
stream that is free of oil contaminants. The dry etched
enamel should exhibit a characteristic frosty appearance
(see Fig. 10-1, D).

Feigal and colleagues found that the use of a dentin-
bonding agent increased sealant retention in teeth even
when salivary contamination occurred.?> Choi and col-
leagues have reported corresponding findings in vitro on
moisture-contaminated bovine enamel.?® In a later ex-
tensive review article, Feigal recommended routine place-
ment of bonding agents before all sealant applications.?”

Although the recommendation is still to avoid mois-
ture contamination whenever possible during sealant ap-
plication, the use of a dentin-bonding agent as part of
the technique appears to be warranted (see Fig. 10-1, E).
Furthermore, the use of a dentin-bonding agent is defi-
nitely recommended in clinical situations that do not
lend themselves to strict isolation—for example, when
newly erupted teeth are sealed or when patient coopera-
tion is not ideal. The use of a dentin-bonding agent is also
advantageous on the buccal surfaces of molars, which tra-
ditionally have shown a lower retention rate than the oc-
clusal surfaces of teeth.?® When used, the bonding agent
must be thoroughly air-dried across the surface to be
sealed to avoid a thick layer of adhesive residue.

APPLICATION OF SEALANT

Chemically Cured Sealant
The manufacturer’s instructions should be followed. Pre-
cise mixing without vigorous agitation can help prevent
the formation of air bubbles.

The addition of the catalyst to the base immediately
begins the polymerization of the material, and this should
be kept in mind so that no time is lost in carrying the
material to the etched and dried tooth. Working time is
limited with a chemically cured sealant.

Visible Light—Cured Sealant

The curing of a light-polymerized sealant is not com-
pleted without the exposure of the material to the curing
light, but the operating light and ambient light can also
affect the material over a period of time, and so material
should be dispensed only when it is time to place it on the
tooth. The working time is longer than with chemically
cured sealant. The method of placement varies with the
different applicators provided by the manufacturers. The
sealant is applied to the prepared surface in moderation
and then gently teased with a brush or probe into the pits
and grooves (see Figs. 10-1, F and 10-1, G). With careful
application, incorporation of air bubbles is avoided. Care
should also be taken to avoid applying large amounts of
the sealant material.

If a light-curing material is used, the intensity of the
light should be considered. If a large surface area requires
polymerization, place the light directly over each area of
the occlusal surface for the recommended time.
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With light-cured sealants there is less chance for the
incorporation of air bubbles, because no mixing of ma-
terials is required. After the material has been cured and
while the treated teeth are still isolated, the unpolymer-
ized surface layer should be removed by washing and dry-
ing, to avoid an unpleasant taste.

CHECK OF OCCLUSAL INTERFERENCES

Articulating paper should be used to check for occlusal in-
terferences, and the occlusion be adjusted if necessary (see
Fig. 10-1, H). All centric stops should be on the enamel.

If a filled sealant has been used, it is essential to adjust
the occlusion before the patient is dismissed.

Other excess sealant that may have flowed over the
marginal ridge or toward the cervical area should also
be removed. If the tooth is isolated with a rubber dam,
the excess should be removed before the rubber dam is
detached. A small round bur at slow speed will remove
the excess effectively. If etchant has been well localized,
excess sealant may be removed with a sharp instrument
from the unetched tooth enamel without removing seal-
ant from the etched groove areas.

REEVALUATION

It is important to recognize that sealed teeth should be
observed clinically at periodic recall visits so that the ef-
fectiveness of the sealant can be determined. Periodic re-
call and reapplication of sealants are necessary, because it
is estimated that between 5% and 10% of sealants need
to be repaired or replaced yearly. If a sealant is partially
or completely lost, any discolored or defective old seal-
ant should be removed and the tooth reevaluated. A new
sealant can be applied using the method previously
described.

PREVENTIVE RESIN RESTORATION
(SEALED COMPOSITE RESIN
RESTORATION)

The preventive resin restoration is an alternative proce-
dure for restoring young permanent teeth that require
only minimal tooth preparation for caries removal but
also have adjacent susceptible fissures.

Simonsen and Stallard described the technique of re-
moving only the carious tooth structure in small class I
cavities.?? A resin restoration was then placed, and the
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