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        Introduction 

 Clinicians providing oral health care are chal-
lenged with myriad patients presenting with 
diverse developmental anomalies of the dental 
and craniofacial complex. While some of these 

anomalies are quite common and more easily 
diagnosed and may present the need for only 
minor deviations from traditional treatment 
approaches, others will present tremendous chal-
lenges in both their diagnosis and management. 
The number of conditions affecting development 
of the dentition are numerous and varied and are 
caused by both environmental and genetic etiolo-
gies. Extending this to the craniofacial complex 
further broadens the number of disorders, defects, 
and syndromes affl icting humans and their oral 
and craniofacial health. Developmental and 
hereditary disorders of the craniofacial and  dental 
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    Abstract  

  Providers of oral health care are faced with rapid changes in knowledge 
related to the etiology, diagnosis, and treatment of conditions affecting the 
oral and craniofacial health of the population. Advances in genomics, pro-
teomics, microbiomics, and bioinformatics are changing the face of health 
care, and dentistry is morphing as a result of this new knowledge and these 
technologies. Personalized or individualized medicine will allow more 
accurate and confi rmatory diagnostics and better prediction of an individ-
ual’s risk for certain conditions or diseases and help defi ne optimal inter-
ventions and treatments. Tissue engineering, stem cell therapies, and 
designer protein and gene therapy are all becoming a reality and will help 
advance oral health care well beyond our current abilities and expecta-
tions. This text helps present our current diagnostic and therapeutic 
approaches for managing developmental defects of teeth and some cranio-
facial defects. This chapter provides a framework for our current under-
standing of the genetic and environmental etiologies associated with these 
conditions and directions for future diagnostics and therapies.  
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complex vary in their prevalence, morbidity, and 
need for unique oral health-care management 
approaches. Providing optimal oral health care is 
predicated on having a basic understanding of the 
patient’s underlying systemic and craniofacial 
condition, their current and future risk for devel-
oping oral pathology, and having the skills to 
diagnose their conditions and manage the 
patient’s oral health needs. Depending on the 
condition and its complexity, this can involve a 
team of oral and medical health-care providers. 

 There are many online resources that can assist 
clinicians in their efforts to understand technologies 
related to genetics and current diagnostic approaches 
[ 28 ]. For example, there are numerous online prim-
ers to review basic genetics, how to obtain a family 
history and construct a pedigree, databases of 
hereditary conditions and teratogens, and many use-
ful resources to evaluate the current knowledge and 
evidence for the diagnosis and treatment of cranio-
facial and dental conditions. While most schools of 
dentistry offer limited curricular time related to 
genomics and recent approaches to high-throughput 
genetic analysis, these new technologies are having 
an increasingly greater impact on health care [ 11 , 
 13 ]. In this chapter we also provide directions and 
web addresses to some sites that are useful when 
seeking new knowledge on the etiologies and man-
agement of developmental defects of the craniofa-
cial complex and teeth. One such example is the 
National Coalition for Health Professional 
Education in Genetics (NCHPEG –   http://www.
nchpeg.org/dentistry/index.php    ) that is transition-
ing to The Jackson Laboratories. This site provides 
information for dentists and hygienists to aid their 
understanding on the fundamentals of genetics and 
provide dentally relevant scenarios to help build 
skills in patient evaluation and family history tak-
ing. If you are confronted with a patient that has a 
clinical presentation that could be hereditary and 
they have not been diagnosed, a recommendation 
can be made for referral back to their primary care 
physician or to medical genetics. Information on 
specifi c genetic tests that are currently available, 
how to fi nd a geneticist in your area, and other 
information can be found online at the National 
Institutes of Health site Genetics Home Reference 
(  http://ghr.nlm.nih.gov/    ). 

 The goal of this chapter is to provide an over-
view of the diverse etiologies of craniofacial 
defects, our current knowledge of these etiologies, 
and how clinicians can access information related 
to a specifi c clinical diagnosis and its etiology. 
This information will provide a framework for the 
following chapters that provide greater detail on 
the diagnosis and management of conditions 
affecting the craniofacial complex and dentition.  

    Craniofacial Developmental 
Anomalies 

 The etiologies of dental and craniofacial defects 
are diverse and include environmental causes, 
genetics, and interactions between the two. As 
our knowledge expands regarding the causes and 
pathogenesis of developmental defects, it is incum-
bent on practitioners to stay current with diagnostic 
approaches and online resources that can provide 
valuable access to data and up-to- date informa-
tion. There are thousands of hereditary conditions 
caused by changes in our genetic material. These 
conditions are caused by numerical or structural 
chromosomal changes, alteration in genes, and/
or alteration of mitochondrial DNA. The fre-
quency of chromosomal abnormalities is about 
1–250 live births (March of Dimes –   http://www.
marchofdimes.com/    ; Center for Disease Control – 
  http://www.cdc.gov/ncbddd/birthdefects/data.
html    ) and 1 out of every 33 babies in the United 
States is born with a birth defect [ 5 ]. Some of the 
more common chromosomal abnormalities include 
Down syndrome (about 1–750 births involving 
chromosome 21), Klinefelter syndrome (1 in about 
750 boys involving XXY), and Turner syndrome 
(1 in about 3,500 girls involving only one X chro-
mosome). Table  1.1  shows the distribution of the 
nearly 8,000 hereditary conditions (Table  1.1 ) and 
their suspected or known mode of inheritance [ 21 ] . 
Virtually all of the chromosomal abnormalities and 
the majority of the Mendelian traits have associ-
ated craniofacial developmental anomalies. These 
developmental defects are diverse in their presenta-
tion with variants such as clefting, craniosynostosis, 
hemifacial microsomia, and vascular malforma-
tions being some of the more common craniofacial 
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conditions. Because many of these disorders have 
other associated systemic and medical issues, it is 
important for the oral health-care provider to famil-
iarize themselves with diverse manifestations that 
can accompany many developmental defects of the 
dentition and craniofacial complex. If a diagnosis is 
unknown or craniofacial anomalies are being iden-
tifi ed and evaluated for the fi rst time, a referral to 
the patient’s physician or to medical genetics may 
be useful for further evaluation. For example, an 
individual with Down syndrome (OMIM #190685) 
is likely to have hypodontia (about 40 % of cases) 
and are at increased risk for developing periodon-
tal disease. Additionally, they are likely to have an 
associated cardiac defect (about 40 % of cases) 
and have an increased risk for certain types of can-
cer like acute lymphocytic leukemia and thyroid 
dysfunction (about 20–50 %) [ 7 ]. Understanding 
a patient’s dental and craniofacial condition and 
the potential for associated health risks is essen-
tial to providing the best health care. Associations 
between dental and craniofacial manifestations 
and systemic health are illustrated by many of the 
examples in this text.

   In addition to hereditary etiologies, there are 
many environmental conditions associated with 
craniofacial malformations. There are numerous 
teratogens that can cause variable craniofacial 
phenotypes including ethanol, 13-cis retinoic acid 
(RA, Accutane), the antimetabolite methotrexate, 
periods of hypoxia, ionizing radiation, or hyper-
thermic stress [ 29 ]. The Center for Disease 
Control (CDC) and other groups have excellent 
information on teratogens that are associated with 
birth defects. The CDC reports that 50 % of preg-
nant women take four or more medications with 

the number of women and medications taken dur-
ing pregnancy increasing over the past several 
decades (  http://www.cdc.gov/pregnancy/features/
MedUsePregnancy-keyfi ndings.html    ) [ 19 ]. 

 Birth defects are thus etiologically diverse and 
continue to be a major cause of developmental 
defects of the craniofacial and dental complex [ 22 ]. 
These different conditions present a plethora of 
clinical manifestations that often require the sup-
port of a diverse team of clinical health- care pro-
viders to address each individual’s medical, 
psychosocial, and oral health-care needs. The 
greater the diversity of manifestations, the more 
likely it is that additional team members with 
unique expertise and knowledge will need to be 
involved. An example of this is the cleft lip/palate 
team (see Chap.   8    ) which will have diverse team 
membership to address the many different issues 
that accompany these conditions [ 32 ]. Whether 
individuals with developmental defects are cared 
for by a recognized team or by a community- based 
team of health-care providers, it is critical that 
effective interprofessional communication between 
these providers take place. Interprofessional com-
munication will aid in obtaining a timely and accu-
rate diagnosis and help optimize the effi ciency and 
effectiveness of assisting the individual in the man-
agement of their health-care needs.  

    Developmental Defects Affecting 
the Dentition 

 Developmental defects can infl uence virtually 
every aspect of the dentition including the shape, 
color, size, number, composition, and the  eruption 

    Table 1.1    Conditions with Mendelian inheritance listed on OMIM June 2014   

 OMIM entry  Autosomal  X linked  Y linked  Mitochondrial  Totals 

 Phenotype described  3,814  285  4  28  4,131 
 Molecular basis 
known 
 Phenotype described  1,562  134  5  0  1,701 
 Molecular basis not 
known 
 Phenotypes with 
suspected Mendelian 
basis 

 1,738  115  2  0  1,855 
 7,114  534  11  28  7,687 
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and exfoliation of teeth. The human dentition 
begins to develop at 6 weeks in utero as the oral 
epithelium invaginates to initiate tooth bud forma-
tion. The molecular controls that regulate the 
remarkable signaling and communication between 
the oral ectoderm and ectomesenchyme and sub-
sequent processes related to cell differentiation, 
extracellular matrix formation, mineralization, 
and tooth eruption are extremely complex [ 2 ,  31 ]. 
It is likely that 10,000 or more genes are involved 
in the making of a human tooth. Depending on the 
specifi c tooth, it takes months to years to develop a 
single tooth and many years to develop the pri-
mary and then permanent dentition [ 16 ]. Given the 
complexity and long duration required for devel-
opment of the dentitions, it is not surprising that 
there are many different environmental insults and 
genetic conditions that can result in a wide variety 
of dental defects and manifestations [ 25 ,  27 ]. 

 The exact number of developmental defects is 
not known, but it certainly is in the hundreds with 
new conditions still being described in the litera-
ture. For example, a newly described condition that 
affects the fi rst permanent molar and sometimes 
permanent incisors (molar incisor malformation – 
MIM) has just recently been described for the fi rst 
time [ 15 ,  34 ]. The fi rst permanent molars have a 
thin pulp chamber and abnormal root formation, 
and the etiology and prevalence are unknown at 
this time (Fig.  1.1 ). There are many known heredi-
tary and environmental conditions associated with 
abnormalities in tooth number (both too many and 
too few). The medical history, in some cases, will 
readily provide the cause for missing teeth, such as 

a child received extensive head and neck radiation 
and/or chemotherapy for cancer while the dentition 
was in its early developmental stages [ 8 ]. In other 
cases, the etiology will be more elusive as there 
may be a noncontributory medical history and no 
family history of missing teeth. As will be dis-
cussed in Chaps.   3     and   4    , congenitally missing 
teeth can be associated with a syndromic condition, 
or it can occur as a nonsyndromic condition.  

 Teeth can form abnormally with defects in the 
compositions and/or structure of the enamel and/
or dentin as discussed in Chaps.   6     and   7    . These 
conditions can have signifi cant psychosocial 
implications due to the importance of oral esthet-
ics in our current society [ 6 ]. Their management 
often begins with eruption of the fi rst primary 
tooth and continues throughout the life of the 
patient. Teeth may display normal crown forma-
tion but fail to erupt (Chap.   2    ) or may be lost pre-
maturely (Chap.   3    ). Each of these different 
clinical manifestations provides critical diagnos-
tic clues and will require different approaches in 
their management. Depending on the specifi c 
defects, a diverse dental team with expertise in a 
variety of areas could be needed to provide opti-
mal oral health care over the life of the patients.  

    Accessing Information and Useful 
Databases 

 There are many resources that are readily avail-
able to clinicians that provide a plethora to wealth 
of information on conditions with craniofacial 

  Fig. 1.1    The molar 
malformation that is referred 
to as molar incisor 
malformation is readily 
evident in this panoramic 
radiograph that shows the 
second primary and fi rst 
permanent molars and 
maxillary permanent 
incisors are all affected       
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and genetic anomalies. The Internet has many 
different types of websites and available infor-
mation. A number of very useful sites are spon-
sored by the National Center for Biotechnology 
Information (NCBI) which is a division of the 
National Library of Medicine. Established in 
1988, NCBI creates automated systems for stor-
ing and analyzing knowledge about molecular 
biology, biochemistry, and genetics that can be 
used by researchers and health-care workers. 
One valuable NCBI site for clinicians is Online 
Mendelian Inheritance in Man (OMIM   http://
www.ncbi.nlm.nih.gov/omim/    ). This website 
catalogs hereditary conditions and provides 
information regarding clinical summaries of 
features, prognosis, genetic information, and 
direct links to references in PubMed. Each entry 
of a condition or gene is given a catalog num-
ber that can be used to help access the database. 
For example, Down syndrome is designated as 
OMIM # 190685. Clinicians can query this data-
base to help access information on the clinical 
description of hereditary conditions and their eti-
ology, if it is known. The OMIM database, while 
still incomplete, provides a wealth of informa-
tion on hereditary conditions and is updated 
regularly. We have provided the OMIM numbers 
throughout this text to assist you in searching for 
additional information on conditions so you will 
be better able to diagnose and manage the oral 
health-care needs of your patients. 

 Family support groups often have extremely 
helpful information for both oral health-care pro-
viders and families. There are even family support 
groups for some of the very rare conditions. Many 
of these organizations have very informative web-
sites that defi ne the condition and have informa-
tion on the current medical and dental management 
and information of the latest research being con-
ducted on the diagnosis and treatment of the con-
dition, for example, the National Foundation 
for Ectodermal Dysplasias, Osteogenesis 
Imperfecta Foundation, National Down Syndrome 
Society, and Cleft Palate Foundation to name just 
a few. Another excellent resource to get accurate 
information about rare conditions is the Offi ce of 
Rare Disease Research sponsored by NIH (  http://
rarediseases.info.nih.gov/    ).  

    Taking a Family History 

 Taking a family medical history is often the criti-
cal fi rst step in obtaining an accurate diagnosis 
and working with medical teams and making 
appropriate referrals [ 24 ]. The family medical 
history provides essential information for assess-
ing whether a clinical condition may be associ-
ated with environmental causes and for assessing 
the potential mode of inheritance of developmen-
tal dental and craniofacial defects. Many medical 
organizations recommend evaluation of three 
generations and carefully assessing the presence 
of conditions in family members (e.g., American 
Society of Clinical Oncology, National Society 
of Genetic Counselors, American Medical 
Association). Knowledge of an individual’s fam-
ily medical history is the foundation for assessing 
the health and risk of disease for many different 
conditions ranging from cancer to dental caries. 
Constructing a pedigree is a useful way of sys-
tematically taking a family history and recording 
potentially affected family members. There are 
numerous online resources that provide tutorials 
on taking a family history and constructing infor-
mative pedigrees (  http://www.geneticseducation.
nhs.uk/mededu/identifying-those-at-risk/taking-
a- genetic-family-history    ). Another tool that can 
be used to help take a family medical history can 
be found on the US Department of Health and 
Human Services website (  http://www.hhs.gov/
familyhistory/portrait/    ). Including a question on 
the health history that asks whether the patient 
has any familial or hereditary dental or health 
conditions is helpful in assessing each patient. 
Specifi c questions regarding a particular pheno-
type (e.g., missing teeth, enamel defects, etc.) 
can then be asked and detailed in the history and 
through construction of a pedigree. 

 As an example, one might ask the parent of a 
child who has exfoliated a tooth that has not been 
traumatized at age 18 months whether the child’s 
siblings, biological parents, or biological grand-
parent had early loss of teeth. In this example, the 
parents respond that the child’s older sister has no 
dental problems, but the father and paternal grand-
mother have a similar history of early tooth loss. 
The most useful way to display this family history 
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is in the form of a pedigree (Fig.  1.2 ). Pedigrees 
can be readily constructed with any computer pro-
gram that can draw squares and circles. In this 
example, the pedigree does suggest there is a heri-
table risk for early tooth loss and that this trait can 
be transmitted from male to male and female to 
male suggesting an autosomal dominant mode of 
inheritance. This family medical history provides 
critical information for risk assessment and for 
helping direct further genetic studies that can help 
confi rm the diagnosis.  

 Taking a family history provides invaluable 
information for risk assessment and diagnosis but 
also serves as a mechanism to build rapport with 
the family. Engaging the patient to elicit the family 
history will help educate them as to the cause and 
nature of the condition and to help them understand 
the prediction for possible diagnoses and prognosis 
for the condition. The hereditary conditions that 
affect the craniofacial and dental complex will be 
best managed when the patient’s phenotype and the 
family history of the conditions consequences are 
considered in developing approaches in the man-
agement and or treatment of the problem.  

    Novel and Emerging Treatments 
and Therapeutic Approaches 

 There are incredible new approaches to manage 
and treat patients that address a broad range of 
developmental defects of the dental and 

 craniofacial complex. Designer proteins to 
replace missing gene products, stem cell thera-
pies, tissue engineering, gene therapy, and other 
biotechnologies are being extensively developed 
and are being incorporated into health care. For 
example, a variety of approaches are now being 
explored to rebuild the dental pulp [ 1 ]. One such 
approach involves seeding dental pulp stem cells 
in  biodegradable scaffolds that are exposed to 
dentin- derived morphogenic factors. Under these 
conditions, the stem cells can give rise to a pulp- 
like tissue capable of generating new dentin [ 23 ]. 

 Stem cell approaches also are being used to 
assist in the treatment of a wide array of cra-
niofacial defects. Depending on the tissue and 
defect, there are many challenges to successful 
treatment. However, studies on the stem cells 
in periodontal regeneration and alveolar bone 
augmentation are showing good promise [ 3 ]. 
Autologous bone grafts and existing approaches 
have many limitations for managing large cra-
niofacial skeletal defects. Innovative scaffold 
design, complemented by stem cell-based ther-
apy and growth factor enhancement, is providing 
new approaches that will advance our ability to 
effectively manage developmental defects of the 
craniofacial complex [ 10 ,  30 ]. 

 As our knowledge of genes and the proteins 
they code for builds, coupled with advancement in 
our ability to design and generate designer pro-
teins, the potential for novel therapeutic approaches 
will multiple. One incredible example of this 

Affected female

Unaffected female

Unaffected male

Affected male

I

II

III

Proband or patient

1 2

1 2

1 2

3 4

  Fig. 1.2    Oral health-care 
providers should become 
versed in documenting 
family histories using the 
accepted convention of 
pedigree construction as 
illustrated in this example of 
a family having a trait that is 
transmitted as an autosomal 
dominant condition       
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 treatment approach is the development of a 
designer protein replacement for people with 
X-linked hypohidrotic ectodermal dysplasia 
(XHED). Males with XHED have sparse hair, 
decreased sweat ability to sweat, and hypodontia. 
The gene  EDA1  codes for the protein ectodyspla-
sin, and mutations in this gene can cause XHED. A 
protein replacement has been developed and tested 
in mice and dogs that have mutations in their 
 EDA1  gene [ 4 ,  18 ]. Injections of the protein both 
pre- and postnatally are able to produce develop-
ment of more normal dentitions [ 12 ]. This treat-
ment approach is now being tested in phase II 
trials in humans. Other approaches to developing 
entire teeth from cell and tissue culture also are 
showing promise and being tested in animal mod-
els. To fi nd out if there are clinical trials being con-
ducted on a particular condition, you can search 
the Clinical Trials website that is a service of the 
NIH (  http://www.clinicaltrials.gov/    ). 

 The advances that have been made in the devel-
opment of new therapeutic approaches since pub-
lication of the human genome in 2003 have been 
remarkable. The powerful diagnostics that are now 
available will continue to advance our ability to 
determine an individual’s genome and how it has 
been modifi ed through epigenetic changes. 
Sequencing the fi rst human genome was at an esti-
mated cost of $3 billion, but now whole human 
genomes can be sequenced for a few thousand dol-
lars. Not only has the cost lowered dramatically, 
but the time required to sequence a human genome 
also has been greatly reduced [ 17 ]. How this and 
other technological breakthroughs will change 
health care is not entirely clear although there is 
defi nitely a strong push in the direction of person-
alized health care. It is evident that health care will 
continue to evolve and that advances in diagnos-
tics and novel therapeutic approaches will provide 
ever improving management of developmental 
defects of the dental and craniofacial complex.  

    Personalized Oral Health Care 

 During the last 150 or so years, medicine has 
moved into a scientifi cally based discipline with 
foundations in the germ theory, chemistry, biol-

ogy, and pathology. In the 2000s, there has been 
a tremendous transformation due to advances in 
genomics, proteomics, microbiomics, metabolo-
mics, and our ability to understand the funda-
mental mechanism of health and disease and to 
predict outcomes more effectively than ever 
(Fig.  1.3 ). Clinicians armed with information 
concerning their patients’ conditions, their spe-
cifi c phenotypic features, and how the dental and/
or craniofacial tissues are affected will be 
equipped to assist them in having the best possi-
ble oral health. It is well known that every patient 
is different and that approaches to preventing, 
managing, and treating a patient with the goal to 
achieve optimal oral health is done at the indi-
vidual level. Personalized health care in medicine 
has tremendous ramifi cations for many diseases 
known to have a genetic component to its etiol-
ogy such as diabetes, cancer, and cardiovascular 
disease. Most of the advances using personalized 
health care have been in the diagnosis and treat-
ment of cancer where knowing the tumor geno-
type or what genes are mutated can help elucidate 
what types of treatments are likely to be effective. 
Personalized oral health care is in its infancy with 
very few publications on the topic at this time [ 9 , 
 14 ]. As more data is gathered on whole genomes 
from many different individuals and we under-
stand the relationship between the genome and 
diverse states of health, and risk and disease, we 
will be better able to apply this information to 
improve diagnostics and treatment for our 
patients. Knowledge of the genetic contribution 
to the many conditions affecting the oral and cra-
niofacial complex will allow an individual and 
practitioners to help better identify their patients’ 
disease risk and diagnose hereditary conditions. 
It is thought that a large portion of the most com-
mon diseases affecting oral health have a signifi -
cant genetic component, and there has been 
research on genes that are associated with dental 
caries and periodontal disease [ 20 ,  26 ,  33 ]. 
Dental caries (about 50 % of risk is genetic) and 
periodontal disease (about 35 % risk is genetic) 
are both complex diseases that result from envi-
ronmental conditions that interact with the host 
who has a genetically defi ned risk and resistance 
to the disease. This also is true for dental maloc-
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clusions with investigators stating that 50 % or 
more of malocclusions are associated with genet-
ics [ 35 ]. Managing conditions that have signifi -
cant genetic determinants in their etiology and or 
progression could be markedly improved by har-
nessing the knowledge of the individual’s inher-
ent risk and resistance. Interventions could be 
targeted more specifi cally, and the timing and 
duration of treatment could be more objectively 
predicted and applied. This is illustrated in Chap. 
  6     on tooth eruption where a diagnosis of primary 
failure of tooth eruption caused by a  PTH1R  gene 
mutation is not treatable using typical orthodon-
tic tooth movement. Having the diagnosis deter-
mines the prognosis and helps direct what 
successful treatments might be applied. As our 
knowledge of the human genome and its function 
continues to advance, our ability to use this infor-
mation to improve and individualize oral health 
care will progress.   

    Conclusion 

 We live in an age of rapid scientifi c and medi-
cal advancement, and clinicians are chal-
lenged to keep up with the ever-growing body 
of knowledge related to the diagnosis and 
management of the dentition and craniofacial 
complex. As we move forward into an era of 
new diagnostics and therapeutics fueled by 
projects such as the human genome, microbi-
ome, and pharmacogenetics, oral health-care 
providers will be called upon to integrate 
information from these new fi elds of knowl-
edge into personalized health care for their 
patients. This text is meant to provide you use-
ful information on the diagnosis and manage-
ment of some of the more common conditions 
that oral health-care providers may encounter. 
More importantly, it is meant to provide a 
framework and guidance as to how and where 
additional information can be obtained for the 
many conditions not covered in this text.     

  Fig. 1.3    Information from 
numerous sources will 
allow the integration of 
information from different 
factors or domains that 
infl uence health and disease 
risk allowing a personalized 
approach to managing oral 
health        

 

J.T. Wright

http://dx.doi.org/10.1007/978-3-319-13057-6_6


9

   References 

    1.    Albuquerque MT, Valera MC, Nakashima M, Nor JE, 
Bottino MC. Tissue-engineering-based strategies for 
regenerative endodontics. J Dent Res. 2014;93(12):
1222–31.  

    2.    Biggs LC, Mikkola ML. Early inductive events in 
ectodermal appendage morphogenesis. Semin Cell 
Dev Biol. 2014;25–26:11–21.  

    3.   Bright R, Hynes K, Gronthos S, Bartold PM. 
Periodontal ligament-derived cells for periodontal 
regeneration in animal models: a systematic review. 
J Periodont Res. 2014. doi:  10.1111/jre.12205    . [Epub 
ahead of print]  

    4.    Casal ML, Lewis JR, Mauldin EA, Tardivel A, Ingold 
K, Favre M, et al. Signifi cant correction of disease 
after postnatal administration of recombinant ecto-
dysplasin A in canine X-linked ectodermal dysplasia. 
Am J Hum Genet. 2007;81(5):1050–6.  

    5.    CDC CfDCaP. Update on overall prevalence of major 
birth defects Atlanta, Georgia, 1978–2005. MMWR 
Morb Mortal Wkly Rep. 2008;57(1):1–5.  

    6.    Coffi eld KD, Phillips C, Brady M, Roberts MW, 
Strauss RP, Wright JT. The psychosocial impact of 
developmental dental defects in people with hereditary 
amelogenesis imperfecta. JADA. 2005;136(5):620–30.  

    7.    Delabar JM, Theophile D, Rahmani Z, Chettouh Z, 
Blouin JL, Prieur M, et al. Molecular mapping of 
twenty-four features of Down syndrome on chromo-
some 21. Eur J Hum Genet. 1993;1(2):114–24.  

    8.    Effi nger KE, Migliorati CA, Hudson MM, McMullen 
KP, Kaste SC, Ruble K, et al. Oral and dental late 
effects in survivors of childhood cancer: a Children’s 
Oncology Group report. Support Care Cancer. 2014;
22(7):2009–19.  

    9.    Giannobile WV, Kornman KS, Williams RC. 
Personalized medicine enters dentistry: what might 
this mean for clinical practice? J Am Dent Assoc. 
2013;144(8):874–6.  

    10.    Grimm WD, Dannan A, Giesenhagen B, Schau I, Varga 
G, Vukovic MA, et al. Translational research: palatal-
derived ecto-mesenchymal stem cells from human pal-
ate: a new hope for alveolar bone and cranio- facial bone 
reconstruction. Int J Stem Cells. 2014;7(1):23–9.  

    11.    Hart TC, Marrazita M, Wright JT. Molecular genetics 
and the paradigm shift in oral health care. Crit Rev 
Oral Biol. 2000;11:26–56.  

    12.    Hermes K, Schneider P, Krieg P, Dang A, Huttner K, 
Schneider H. Prenatal therapy in developmental disor-
ders: drug targeting via intra-amniotic injection to 
treat X-linked hypohidrotic ectodermal dysplasia. 
J Invest Dermatol. 2014;134:2985–7.  

    13.    Johnson L, Genco RJ, Damsky C, Haden NK, Hart S, 
Hart TC, et al. Genetics and its implications for clini-
cal dental practice and education: report of panel 3 of 
the Macy study. J Dent Educ. 2008;72(2):86–94.  

    14.    Kornman KS, Duff GW. Personalized medicine: will 
dentistry ride the wave or watch from the beach? 
J Dent Res. 2012;91(7):8S–11.  

    15.    Lee HS, Kim SH, Kim SO, Lee JH, Choi HJ, Jung 
HS, et al. A new type of dental anomaly: molar- incisor 
malformation (MIM). Oral Surg Oral Med Oral Pathol 
Oral Radiol. 2014;118(1):101–9.e103.  

    16.    Lunt RC, Law DB. A review of the chronology of cal-
cifi cation of deciduous teeth. J Am Dent Assoc. 
1974;89:872–9.  

    17.    Mardis ER. A decade’s perspective on DNA sequenc-
ing technology. Nature. 2011;470(7333):198–203.  

    18.    Mauldin EA, Gaide O, Schneider P, Casal ML. 
Neonatal treatment with recombinant ectodysplasin 
prevents respiratory disease in dogs with X-linked 
ectodermal dysplasia. Am J Med Genet A. 2009;
149A(9):2045–9.  

    19.    Mitchell AA, Gilboa SM, Werler MM, Kelley KE, 
Louik C, Hernandez-Diaz S, et al. Medication use 
during pregnancy, with particular focus on prescrip-
tion drugs: 1976–2008. Am J Obstet Gynecol. 2011;
205(1):51.e51–8.  

    20.    Mucci LA, Bjorkman L, Douglass CW, Pedersen 
NL. Environmental and heritable factors in the etiol-
ogy of oral diseases – a population-based study of 
Swedish twins. J Dent Res. 2005;84(9):800–5.  

    21.   Online Mendelian Inheritance in Man. WWW URL: 
  http://www3.ncbi.nlm.gov/omim/     version. Baltimore: 
Center for Medical Genetics, Johns Hopkins 
University and National Center for Biotechnology 
Information, National Library of Medicine; 2014.  

    22.    Parker SE, Mai CT, Canfi eld MA, Rickard R, Wang Y, 
Meyer RE, et al. Updated national birth prevalence 
estimates for selected birth defects in the United 
States, 2004–2006. Birth defects research Part A. Clin 
Mol Teratol. 2010;88(12):1008–16.  

    23.    Piva E, Silva AF, Nor JE. Functionalized scaffolds to 
control dental pulp stem cell fate. J Endod. 2014;
40(4):S33–40.  

    24.    Rich EC, Burke W, Heaton CJ, Haga S, Pinsky L, 
Short MP, et al. Reconsidering the family history in 
primary care. J Gen Intern Med. 2004;19(3):273–80.  

    25.    Seow WK. Developmental defects of enamel and den-
tine: challenges for basic science research and clinical 
management. Aust Dent J. 2014;59(51):51–4.  

    26.    Slayton R. Genetics may have a signifi cant contribu-
tion to dental caries while microbial acid production 
appears to be modulated by the environment. J Evid 
Based Dent Pract. 2006;6(2):185–6.  

    27.    Small B, Murray J. Enamel opacities: prevalence, 
classifi cation and aetiological considerations. J Dent. 
1978;6(1):33–42.  

    28.    Stark LA, Pompei K. Winner of science prize for 
online resources in education. Making genetics easy 
to understand. Science. 2010;327(5965):538–9.  

    29.    Sulik KK, Cook CS, Webster WS. Teratogens and 
craniofacial malformations: relationships to cell 
death. Development. 1988;103 Suppl:213–31.  

    30.    Tevlin R, McArdle A, Atashroo D, Walmsley GG, 
Senarath-Yapa K, Zielins ER, et al. Biomaterials for 
craniofacial bone engineering. J Dent Res. 2014;
93(12):1187–95.  

1 Developmental Defects of the Craniofacial Complex and Dentition: Scope and Challenges

http://dx.doi.org/10.1111/jre.12205
http://www3.ncbi.nlm.gov/omim/


10

    31.    Thesleff I. Epithelial-mesenchymal signalling regu-
lating tooth morphogenesis. J Cell Sci. 2003;116(Pt 9):
1647–8.  

    32.    Vargervik K, Oberoi S, Hoffman WY. Team care for 
the patient with cleft: UCSF protocols and outcomes. 
J Craniofac Surg. 2009;20(2):1668–71.  

    33.    Vieira AR, Modesto A, Marazita ML. Caries: review 
of human genetics research. Caries Res. 2014;48(5):
491–506.  

    34.    Witt CV, Hirt T, Rutz G, Luder HU. Root malforma-
tion associated with a cervical mineralized dia-
phragm – a distinct form of tooth abnormality? Oral 
Surg Oral Med Oral Pathol Oral Radiol. 2014;
117(4):e311–9.  

    35.    Zanardi GPW, Frazier-Bowers SA. The future of den-
tistry: how will personalized medicine affect orth-
odontic treatment? Dental Press J Orthod. 2012;17:
3–6.      

J.T. Wright



11J.T. Wright (ed.), Craniofacial and Dental Developmental Defects: Diagnosis and Management,
DOI 10.1007/978-3-319-13057-6_2, © Springer International Publishing Switzerland 2015

        Introduction 

 The clinical management of tooth eruption disor-
ders presents a signifi cant challenge, largely 
because the diagnosis is so complex and the pri-
mary mechanism of eruption itself is poorly under-
stood. The etiologies of tooth eruption disorders 
are diverse and include environmental stresses 

such as trauma and a variety of genetic conditions 
such as primary failure of eruption (PFE, OMIM 
 # 125350) and cleidocranial dysplasia (OMIM 
#119600). A search for tooth and eruption on 
OMIM reveals 119 conditions listed as having 
tooth eruption issues that range from natal teeth 
(OMIM #187050) to various forms of amelogen-
esis imperfecta (OMIM #s130900, 204690, 
613211). Individuals with different forms of osteo-
genesis imperfecta (see Chap.   7    ) are at increased 
risk for developing dentigerous cysts around 
developing teeth that can obstruct normal tooth 
eruption. Gingival overgrowth, such as occurs in a 
variety of conditions (e.g., gingival fi bromatosis 
with hypertrichosis, OMIM #135400), has dis-
turbed tooth eruption. It is helpful to begin with a 
clear understanding of what is known about tooth 
eruption, including normal and abnormal events, 
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to provide the necessary foundation to diagnose 
and manage eruption disorders. The diversity of 
these conditions and their etiologies make the 
diagnosis and subsequent treatment diffi cult. 

 In the permanent human dentition, the nor-
mal process of eruption can be divided into 
major clinical stages – preemergent and poste-
mergent. The preemergent eruption stage is the 
most important in the initiation of the eruption 
process; combined resorption and eruption pro-
cess facilitates eruption of the permanent tooth 
[ 1 ]. Resorption of alveolar bone and primary 
tooth roots overlying the crown of the erupting 
permanent tooth facilitates the resultant erup-
tion of the permanent tooth; this coordinated 
process moves the tooth into the pathway 
cleared by resorption. It is the uncoupling of 
these two processes, eruption and resorption, in 
naturally occurring human conditions (i.e., pri-
mary failure of eruption or osteopetrosis) that 
illustrates that the two processes are actually 
separate. For instance, in osteopetrosis (OMIM 
 # 259700), a syndromic condition, teeth fail to 
erupt due to the absence of an eruptive pathway 
resulting from a defective metabolic process of 
the bone [ 2 ]. In this case the resorption process 
is faulty. In PFE, a nonsyndromic disorder, the 
opposite scenario exists; the resorptive pathway 
is cleared, but the tooth fails to erupt [ 3 ,  4 ]. 
Postemergent tooth eruption disorders also 
occur. Ankylosis is a relatively prevalent condi-
tion in the primary dentition (prevalence: about 
7–8 % of children have one or more affected 
teeth) and results from a loss of normal peri-
odontal ligament and the bone attaching directly 
to the tooth root. Ankylosis occurs more com-
monly in the siblings of children that have anky-
loses, is more common in the mandibular 
dentition, and more commonly affects teeth that 
do not have a permanent successor (often a pri-
mary molar with no secondary dentition premo-
lar) [ 39 ]. Ankylosed primary teeth also are 
commonly associated with other dental anoma-
lies in a high percentage of cases including tooth 
agenesis, microdont lateral incisors, and pala-
tally displaced permanent canine teeth [ 40 ]. 

 It is useful to begin our exploration of erup-
tion anomalies by contrasting the molecular 

events surrounding eruption and, by extension, 
these two diametrically opposed scenarios. 
Molecular studies have revealed that eruption 
is, in fact, a tightly coordinated process, regu-
lated by a series of signaling events between the 
dental follicle and the alveolar bone [ 5 ]. As 
indicated above, in osteopetrosis, the resorptive 
process is faulty due to an osteoclast defect. 
This is in contrast to a complete failure of the 
primary eruption mechanism that is not associ-
ated with defective osteoclasts [ 3 ,  7 ]. In PFE, a 
genetic alteration in the parathyroid hormone 
receptor 1 ( PTH1R ) gene [ 4 ,  8 ] further confi rms 
the molecular basis of tooth eruption; a muta-
tion in the  PTH1R  gene results in a striking fail-
ure of eruption that is hereditary. This fi nding is 
signifi cant as nonsyndromic eruption distur-
bances are diffi cult to distinguish from one 
another (i.e., ankylosis versus PFE or a mechan-
ical obstruction of eruption) [ 6 ]. This fi nding is 
signifi cant as nonsyndromic eruption distur-
bances are diffi cult to distinguish from one 
another (i.e., ankylosis versus delayed erup-
tion) [ 6 ].  

    Theories Associated 
with Preemergent Tooth Eruption 

 The normal eruption of permanent teeth is 
highly varied and multifactorial. In order to 
properly categorize eruption disorders, it is 
critical to have a thorough understanding of 
normal eruption. Previous studies using 
implants and cephalometric radiography have 
shown that as the developing tooth bud forms, it 
remains in the same location in the bone [ 9 ], 
and it is from this point that eruption begins. 
The stages of eruption are determined by 
whether or not the tooth has emerged into the 
oral cavity. 

 While preemergent tooth eruption is defi ned 
by the initial eruptive movements that occur at 
the beginning of root formation and alveolar 
bone resorption in the eruption pathway, poste-
mergent eruption is marked by the relatively 
rapid eruption after the tooth has entered the oral 
cavity. In preemergent eruption, the developing 
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tooth moves occlusal and away from the point 
where root development is occurring. The precise 
mechanism of preemergent tooth eruption 
remains widely debated, but historical studies 
offer many lines of evidence for various theories 
[ 10 – 14 ]. Canonical theories in the recent litera-
ture include the “bone remodeling theory,” the 
“hydrostatic theory,” and the “follicle theory,” 
which we will consider in detail below. Other his-
torical theories that have been proposed include 
the “fi broblastic contraction theory” and those 
theories involving collagen maturation, localized 
variations in blood pressure or fl ow, alterations in 
the extracellular ground substances of the peri-
odontal ligament, and the “root elongation the-
ory.” Briefl y, the “fi broblastic contraction theory” 
hypothesizes that contraction of the fi broblast is 
responsible for the occlusal eruption of a tooth. 
Evidence in favor of this theory is the observation 
that fi broblasts move incisally along the erupting 
tooth [ 15 ] and that the contraction of fi broblasts 
generates signifi cant force [ 16 ] to bring about 
eruption of the tooth. However, experiments in a 
rat model using lathyrogens (amino acid deriva-

tives that cause defective fi bril formation when 
applied to the PDL) to weaken the periodontal 
ligaments did not show a signifi cantly different 
rate of eruption when compared to untreated rats 
[ 17 ]. The lack of PDL organization in the 
unerupted tooth does not support the eruptive 
theory of preemergent collagen maturation. 

 In the “root formation theory” [ 18 ,  19 ], it is 
hypothesized that lengthening of the root causes 
pressure on the apical portion of the alveolar 
bone leading to obvious propulsion of the tooth 
into the oral cavity. This theory suggests that the 
pressure of a developing tooth root on the under-
lying bone causes osteogenesis apically and bone 
resorption coronal to the erupting tooth. This 
argument is weakened by the fact the teeth with 
root apices surgically removed erupt normally 
[ 20 ] and that when eruption of a tooth is pre-
vented by surgically ligating a premolar tooth 
bud to the lower border of the mandible in a dog 
model, the eruption path was still cleared [ 12 ]. 
The human equivalent of this phenomenon can 
be observed in accidental ligation of a developing 
permanent tooth to the adjacent mandibular bone 

a

b

  Fig. 2.1    ( a ) Type I primary 
failure of eruption in a 
developing dentition 
(7.5-year-old child). The 
right posterior segment 
shows a progressive eruption 
failure in the upper and lower 
arches with an eruption 
pathway that is clear. The left 
posterior segment does not 
appear affected. ( b ) Failure 
of eruption due to a bony 
pathway that is not clear. 
The alveolar bone can still be 
observed coronal to the 
erupting fi rst molar in the 
lower left quadrant. This 
scenario often represents an 
idiopathic eruption failure 
due to some other pathology 
(i.e., not PFE or syndromic 
cause)       
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in the case of mandibular fractures  or  cases of 
PFE (Fig.  2.1a ) where it is obvious that an erup-
tion pathway has cleared but the tooth has failed 
to erupt to the occlusal plane. This is in direct 
contrast to a scenario where the eruption pathway 
is not cleared and eruption is essentially mechan-
ically obstructed (Fig.  2.1b ).  

 The remaining theories possibly offer the 
strongest explanation of tooth eruption, particu-
larly in light of recent molecular biological 
advances [ 4 ,  5 ,  8 ]. However, these theories have 
fueled a debate of whether the bone “pushes” the 
teeth or the tooth “pulls” the bone with it during 
the eruption process. The “bone remodeling the-
ory,” originally proposed by Ten Cate [ 11 ] and 
endorsed by Wise et al. [ 14 ,  21 ], asserts that bone 
growth within the area apical to the developing 
tooth “pushes” the tooth during the eruption pro-
cess. The consideration is whether this bone 
growth is causal and indeed represents the 
“motive force” described by Wise [ 14 ] or whether 
the bone growth occurs as a response to the 
occlusal movement of the developing tooth. 
Signifi cant evidence exists in animal models to 
support this theory; experiments in rats reveal 
that the amount and duration of bone growth 
occurring at the apical base of the tooth is neces-
sary and suffi cient to propel the tooth into the 
oral cavity [ 14 ]. However, the fact remains that 
tooth eruption in humans occurs over a protracted 
time period with limited accessibility for study 
and the above studies in rodents may not parallel 
the human response; hence the complete under-
standing of events leading to eruption in humans 
remains elusive. The theory of preemergent erup-
tion that most closely fi ts this model is the “den-
tal follicle theory,” which relates to the 
physiologic coupling of the resorptive eruption 
path formation and root development processes 
and contends that the dental follicle is necessary 
for eruption [ 12 ,  13 ]. This provides the most 
compelling explanation of the mechanism under-
lying tooth eruption. Moreover, it is this theory 
that aligns best with the “bone remodeling the-
ory” and the association of the  PTH1R  gene with 
PFE. The follicle theory stems from classical 
studies in dogs where removal of the dental fol-
licle prevented eruption [ 12 ,  13 ]. The dental fol-
licle has since been shown to provide the 
environment and chemoattractants for monocytes 

to differentiate into osteoclasts [ 5 ]; this facilitates 
the bone resorption necessary for normal tooth 
eruption. Specifi cally, stellate reticulum cells 
found in the dental follicle are observed to secrete 
parathyroid hormone-related peptide (PTHrP), 
which induces overexpression of colony- 
stimulating factor-1 (CSF1) and receptor activa-
tor of NF-kappaB ligand (RANKL) responsible 
for osteoclastogenesis [ 24 ,  25 ]. A concomitant 
overexpression of BMP2 that leads to osteogen-
esis is occurring in the apical end of the dental 
follicle [ 24 ] in a chronological and spatial fash-
ion [ 21 ]. 

 The complete explanation of the physiologic 
coupling of the eruption and resorption processes 
associated with preemergent tooth eruption is not 
yet fully understood, but we know that the molec-
ular crosstalk surrounding the erupting tooth is 
somehow activated upon completion of the 
crown. We can therefore postulate that the rate- 
limiting factor of preemergent eruption is the 
resorptive pathway formed by osteoclast cells. 
Accordingly, a tooth embedded in the bone has 
the potential to begin to erupt after root formation 
is completed, as long as the eruptive pathway is 
mechanically cleared at the appropriate develop-
mental stage. This natural phenomenon of a 
“clear pathway” forms the basis of the diagnostic 
rubric for eruption disorders discussed in detail 
below.  

    Theories Associated 
with Postemergent Tooth Eruption 

 Although the dominant theories of tooth eruption 
appear to correlate with the preemergent stage, the 
postemergent stage of eruption is central to some 
theories. Postemergent tooth eruption is defi ned as 
the eruption stage of a developing tooth after it has 
broken through the gingiva into the oral cavity. 
This stage continues until the tooth reaches the 
level of the occlusal plane and is in complete func-
tion and the overall growth of the jaws has com-
pleted. Postemergent eruption is further broken 
into four phases, the pre-functional spurt (rapid 
phase), the juvenile occlusal equilibrium (slower 
phase), the pubertal or adolescent eruptive spurt, 
and the adult occlusal equilibrium. After the 
gingival barrier is broken, the postemergent 
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spurt results in rapid eruption until the tooth 
reaches the level of functional occlusion. As the 
tooth continues to erupt during its postemergent 
stage, the theory of “collagen cross-linking, con-
traction, and maturation” introduced above 
becomes more viable, due to the fact that the PDL 
indeed becomes more organized after the tooth 
comes into functional occlusion. This theory con-
tends that increased organization in collagen 
cross-linking creates a propulsive thrust to facili-
tate eruption. Even though the tooth is subjected 
to occlusal forces, the actual eruption rate is 
increased. 

 The “hydrostatic pressure theory” occurs dur-
ing postemergent eruption and is based on the 
ability of the extracellular matrix apical to the 
developing tooth to swell considerably (30–
50 %) facilitating occlusal migration of the tooth 
[ 22 ,  23 ]. This theory asserts that increases in the 
periapical tissue fl uid pressure (especially vascu-
lature) push the tooth occlusally [ 11 ]. Moreover, 
human studies of premolar eruption following a 
local injection of vasodilators resulted in tooth 
eruption [ 23 ]. The argument against this theory is 
that a short-lived exposure to pharmacologic 
agents such as vasodilators would not be suffi -
cient to sustain the long-term physiologic activity 
necessary for tooth eruption [ 14 ].  

    Postemergent Eruption 
and the Equilibrium Theory 

 After the functional plane is reached by the tooth, 
it undergoes the juvenile occlusal equilibrium, in 
which the eruption of the tooth is balanced in 
response to the vertical growth of the mandibular 
ramus. As the mandible grows vertically away 
from the maxilla, the teeth have more room to 
erupt occlusally in order to maintain occlusal 
contact with the opposing arch. This model of 
tooth eruption reinforces the idea that postemer-
gent tooth eruption, after reaching functional 
occlusion, is controlled by forces impeding erup-
tion, as opposed to encouraging forces. These 
balancing forces of masticatory function and the 
soft tissue pressures from the lips, cheeks, and 
tongue are the rate-limiting factors of post- 
functional occlusal eruption [ 1 ]. However, stud-
ies have shown that lasting eruptive movement 

occurs while the teeth are not in contact, which 
supports the idea that most of the eruptive control 
is based on the light and continuous force of the 
soft tissues. While the mechanism itself is not 
fully understood, when this process of vertical 
growth and occlusal tooth eruption is not ade-
quately matched, eruption problems arise, as 
seen with issues of ankylosis and other eruption 
disorders which can result in areas of posterior 
open bites and over-closed jaw relationships. 

 The last phase of postemergent eruption is 
called the adult occlusal equilibrium. In this con-
tinuous phase, teeth will continue to erupt at an 
extremely slow rate throughout adult life. It has 
been demonstrated that if a tooth is lost at any 
age, the opposing tooth has the ability to erupt 
more rapidly, demonstrating that the eruption 
mechanism remains active throughout life and is 
capable of producing signifi cant tooth during any 
stage in the life cycle. Finally, both pre- and pos-
temergent eruption stages play a signifi cant role 
in clinical eruption disorders and form the basis 
of our diagnostic approach reviewed below. 

    Diagnosis of Tooth Eruption 
Problems 

 While rodent models and molecular advances 
lend some support to the various theories of erup-
tion, the details of the entire process of tooth 
eruption, including the micro- and macro- 
environment, remain poorly understood. 
Nonetheless, the biological facts surrounding the 
proposed theories provide the basis for under-
standing and diagnosing clinical disorders of 
eruption. Accordingly, adopting a diagnostic sys-
tem that uses biologically rather than clinically 
based categories would provide a more effective 
means of accurately distinguishing eruption dis-
orders [ 26 ]. Such categories should include those 
based on (1) a biological dysfunction such as 
PFE or eruption failure secondary to a genetic 
syndrome [ 16 ] and/or (2) a physical obstruction 
such as mechanical failure, cysts, and lateral 
tongue pressure, for instance. Impacted teeth 
may potentially belong to either of the above cat-
egories depending upon the location of the 
impacted tooth (i.e., palatal canine impaction 
versus buccal canine impaction). While the 
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occurrence of palatally impacted canines is 
hypothesized to be both multifactorial and 
genetic in origin [ 27 – 29 ], teeth can also become 
impacted secondary to an obstruction of the erup-
tion pathway, such as crowded dental arches. 

 It is for this reason that a diagnostic rubric to 
distinguish eruption disorders must ask the nec-
essary question “is the eruptive pathway clear?” 

[ 30 ]. The answer to this creates the foundation 
for determining whether the eruption failure is 
due to an obstruction or not. The diagnostic 
rubric shown in Fig.  2.2a  is based on studies that 
examined characteristics of eruption disorders; 
the accompanying case study (Fig.  2.2b, c ) nicely 
illustrates how this tool can be utilized for a clini-
cal diagnosis. The combination of objective 

Biological characterization
(general etiology)

Rule out mechanical
obstruction (i.e. 
cysts, tumors, teeth,
lateral tongue thrust)

Biologic dysfunction
(i.e. ankylosed primary
tooth, developmental
pathology, PFE, family  hx)

Infraocclusion of = 1 tooth

Physical barrier to eruption (i.e.
lateral tongue thrust, arch
length deficiency, pathology)

Mechanical
obstruction or MFE

Family Hx?

If YES,
PFE If NO,

PFE, IFE
or Ankylosis

Confirmed mutation in PTH1R

 Ankylosis

Affected permanent 1st Molar?
Yes or No

No history of
physical barrier
to eruption

Answer the question: “Is the eruption pathway
cleared (i.e. alveolar bone, etc.)?”

Hx of trauma or
developmental

pathology

YES
NO

Y
E
S

a

  Fig. 2.2    ( a ) Diagnostic rubric for nonsyndromic eruption 
disorders based on a retrospective study of PFE subjects 
who carry a mutation in the  PTH1R  gene and those who 
do not. The fl owchart provides a decision tree to allow a 
more systematic diagnosis of eruption disorders. Although 
there is still some uncertainty, initially sorting based on 
biological versus mechanical factors provides a sound 
basis to triage clinical scenarios ( b, c ). In the clinical sce-
nario shown here, the natural history of this patient was 
extremely important.  A differential diagnosis of the ini-
tial panoramic radiograph taken at the information gather-

ing visit could be PFE or MFE.  It was evident after 
acquiring historical radiographs (3 years earlier) that the 
cause of the eruption failure was an odontoma that was 
not removed before the 6 year molar was ready to erupt. 
Shown encircled is the unerupted 6 year molar in the 8 
year old patient radiograph (2.2c) and the same molar at 
11 years old that is now permanently impacted.  Removal 
of the adjacent second premolar allowed eruption of the 
impacted molar and correction of the subsequent maloc-
clusion. Reprinted from American Journal of Orthodontics 
and Dentofacial Orthopedics. Aug 144 (2)194–202         
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genetic information and clinical data from 
affected persons can be used to establish a 
genotype- phenotype correlation for PFE and, by 
extension, an objective diagnosis, i.e., deter-
mined by associating clinical (phenotypic) fea-
tures with genetic (genotypic) analysis. Eruption 
disorders from a cohort of 64 patients were 
 analyzed phenotypically and genetically in order 
to categorize them into clinical groups: (1) those 
defi nitively diagnosed with PFE through genetic 
analysis, (2) those that showed a mutation in 
 PTH1R  ( n  = 11; genetic PFE cohort), (3) patients 
diagnosed with PFE based on clinical records 
alone ( n  = 47; clinical PFE cohort), and (4) 
patients diagnosed with ankylosis based on clini-
cal criteria ( N  = 6; clinical ankylosis cohort). 
Those in the ankylosis cohort had a confi rmed 
history of trauma or were treated with extraction 
of the affected tooth or teeth and had successful 
orthodontic treatment of the remaining teeth. All 
other subjects were diagnosed with PFE based on 
history of unsuccessful orthodontic treatment or 
genetic analysis. For those PFE patients who 

underwent genetic (mutational) analysis, a muta-
tion or polymorphism in the  PTH1R  gene was 
identifi ed in 11 patients, and an unclassifi ed non-
functional single nucleotide polymorphism in 
 PTH1R  was identifi ed in the remaining [ 30 ]. 
Based on the fi ndings of the above study, collec-
tively all PFE subjects (genetic cohort) had at 
least one affected fi rst permanent molar; the 
affected teeth in each dental quadrant were adja-
cent to one another and had a supracrestal 
 presentation (i.e., completely cleared eruption 
pathway, with no alveolar bone occlusal to the 
affected tooth). These criteria represent the hall-
mark features of PFE versus a mechanical 
obstruction since it is based on cases of PFE 
genetic cohort that were categorized based on 
objective genetic confi rmation. Other classifi ca-
tions of PFE include type I versus type II PFE [ 7 , 
 26 ]. Type I is marked by a progressive open bite 
from the anterior to the posterior of the dental 
arches, while type II presents similarly but with 
greater although inadequate eruption of a second 
molar (Fig.  2.3 ). In either case, we speculate that 

c

b
Fig. 2.2 (continued)
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the eruption defect, which we now know is genet-
ically controlled, is expressed at the same devel-
opmental time for all affected teeth but the 
predominant “molar” phenotype that we observe 
may be the result of a coordinated series of 
molecular events that act in a  temporally  and  spa-
tially  specifi c manner such that posterior rather 
than anterior alveolar bone is affected. The exact 
reason for the variation in eruption potential 
between the fi rst and second molars in type II is 
unknown but may be related to this same tempo-
ral and spatial specifi city of expression.   

 Despite the more defi nitive criteria established 
through the eruption disorder rubric, diffi culty 
still exists for those clinical situations that pres-
ent with isolated ankylosis since it may initially 
appear indistinguishable from PFE. Ankylosis, or 
the fusion of a tooth to the bone in the absence of 
a periodontal ligament, can be thought of as a 
mechanical eruption failure, primarily because it 
can occur secondary to trauma and the fusion to 
the bone provides a mechanical barrier to erup-
tion [ 31 ]. It is true that ankylosis can also occur 
secondarily from orthodontic forces applied to a 
tooth with a defective eruption mechanism as in 

PFE [ 3 ]. The diagnosis of ankylosis can at times 
be made radiographically by the absence of a 
periodontal ligament space [ 32 ] and based on the 
absence of physiologic mobility and the sharp 
solid sound on percussion of the tooth [ 31 ]. 
However, the determination of an absent peri-
odontal ligament space can be often misinter-
preted on a radiograph (e.g., if ankylosis occurs 
in facial/lingual root surfaces, the PDL loss will 
not be visible on a 2D radiograph), making the 
diagnosis of ankylosis somewhat subjective [ 33 ]. 
In these instances, ankylosis can be diffi cult to 
distinguish from PFE. This fact has been exem-
plifi ed in two siblings previously diagnosed with 
ankylosis that were re-diagnosed as PFE follow-
ing identifi cation of a mutation in the  PTH1R  
gene [ 4 ] (Figs.  2.4a  and  2.5 ). The two siblings 
diagnosed with ankylosis, later determined to be 
PFE, also have an affected mother (not shown) 
and brother (Fig.  2.6a–c ) who harbor a mutation 
in  PTH1R . In both cases treatment with a con-
tinuous archwire failed to correct the posterior 
open bite (Fig.  2.4c ). It is therefore quite reason-
able that many other cases previously diagnosed 
as ankylosis are in fact PFE since the clinical pre-
sentation of PFE due to a genetic defect shows 
great clinical variation and is similar to ankylosis 
[ 4 ,  8 ]. Hence, the recent identifi cation of a gene 
associated with PFE not only contributes to our 
understanding of the specifi c biological mecha-
nism underlying the eruption process, but it pro-
vides greater clarity to the various terminologies 
used to describe eruption failure.    

 In some clinical situations however, the diag-
nosis of ankylosis is rather straightforward and 
not confused with eruption failure – specifi cally, 
ankylosis associated with retained deciduous 
teeth. Despite the apparent distinction between 
ankylosis and PFE, the actual biologic differ-
ences remain elusive; ankylosis is indeed similar 
to PFE in that a familial tendency has been 
reported and an overall prevalence of 8.9%. This 
percentage increases with age in children [ 39 ]. 
As discussed earlier, ankylosis of primary molars 
occurs most frequently with agenesis of second 
premolars, which are the most common congeni-
tally missing teeth second only to third molars 
[ 33 ,  34 ]. It is not uncommon to see that resorp-

  Fig. 2.3    Graphic representation of primary failure of 
eruption in type I and type II showing the progressive 
worsening of the posterior lateral open bite, to a lesser 
extent in type II PFE. Ankylosis occurs at about a 6.6% 
prevalence with mandibular primary molars more com-
monly affected than maxillary primary molars [ 38 ].       
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a

b

c

  Fig. 2.4    ( a ) Clinical photographs of an 11-year 
5-month-old patient who presented for orthodontic treat-
ment and was subsequently diagnosed with ankylosis in 
the lower left posterior quadrant. ( b ) Pretreatment pan-
oramic radiograph also reveals a blocked-out maxillary 
left second premolar due to the mesial tipping of the fi rst 
molar – this was most likely due to the early exfoliation 
of the second primary molar. This patient did not have 

history of prior trauma, nor remarkable health history. 
( c ) Subsequent treatment with a continuous archwire 
resulted in worsening of the lateral posterior open bite 
exemplifying the inability of teeth affected with PFE to 
respond to orthodontic forces. Several years following 
treatment, it was determined that the patient harbored a 
mutation in the  PTH1R  gene similar to her mother and 
two siblings       

  Fig. 2.5    Clinical photographs of a 16-year 5-month-old 
patient diagnosed with ankylosis of the lower right fi rst 
molar using “bone sounding methods.” This patient did not 

have history of prior trauma nor remarkable health history. 
Similar to his siblings, he was later diagnosed with PFE 
based on the presence of a mutation in the  PTH1R  gene       
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tion of the primary roots may not occur or may be 
signifi cantly delayed due to the absence of its 
permanent successor (Fig.  2.7a–c ). If the primary 
tooth ankyloses in a young child [ 37 ], it may be 
overgrown by the surrounding dentition that con-
tinues to erupt and the area has further alveolar 
growth. Teeth that ankylose at a very young age 
can be completely overgrown by the surrounding 
dentition and bone creating a complicated surgi-
cal problem. If the second primary molar becomes 
ankylosed, the fi rst permanent molar can tip over 
the primary molar’s occlusal surface causing tip-
ping and space loss. In this instance the primary 
molar can be built up with a stainless steel crown 
or by bonding resin to the primary molar occlusal 
surface to maintain an appropriate contact height 
with the fi rst permanent molar. In many instances 
the primary molar that has a permanent successor 

will undergo normal root resorption and exfolia-
tion requiring no special treatment.   

    Orthodontic and Surgical Tooth 
Eruption Therapy 

 The location of an impacted canine is closely 
related to the etiology. For instance, a buccally 
impacted canine is most often a result of 
crowded dental arches while a palatally 
impacted canine is often more closely related to 
a defect in the primary eruption mechanism 
[ 36 ]. Therefore, an approach to manage canines 
that are buccally impacted may often include 
extraction of the adjacent fi rst premolars to 
 create space and allow them to erupt into the 
arch unimpeded. In complete contrast to the 

a

b

  Fig. 2.6    ( a ) Clinical photographs of a 17-year 4-month-
old patient undergoing orthodontic treatment primarily 
for his “underbite.” This patient presented with a skele-
tal Class III malocclusion, severe anterior crossbite, and 
unilateral posterior crossbite on the right. Treatment 
with a continuous archwire did not correct the vertical 
posterior open bite (PFE). ( b ) Panoramic fi lm  illustrating 

eruption failure with a progressive worsening from 
anterior to posterior. Orthognathic surgical treatment 
(maxillary advancement) corrected his Class III maloc-
clusion but not his posterior open bite due to PFE. This 
patient is the sibling of the patient in Figs.  2.4  and  2.5  
also harboring a mutation in the  PTH1R  gene       
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blocked-out buccal canine, the palatally 
impacted canine is more likely to occur with 
certain features including congenitally absent 
fi rst premolars, small lateral incisors, enamel 
hypoplasia, and hypodivergent facial profi le 
[ 29 ,  36 ]. It is essentially always necessary to 
surgically expose palatally impacted canine 
teeth and ligate with a bonded pad and chain 
using orthodontic traction (see Fig.  2.8a–c ).  

 Cleidocranial dysplasia (OMIM #119600) is 
inherited as an autosomal dominate trait and is 
caused by mutations in the  RUNX2  gene that is an 
important signaling protein for normal bone for-

mation and tooth eruption. Affected individuals 
have short stature, delayed closure of the cranial 
fontanelles, frontal bossing, supernumerary teeth, 
and abnormal eruption of the permanent denti-
tion. The phenotype and severity are variable, 
and in cases of new mutations where there is no 
family history, it can be diffi cult to diagnose in 
children. Treatment will frequently require a 
team approach involving oral surgery to manage 
supernumerary teeth and help expose unerupted 
permanent teeth so they can be orthodontically 
brought into occlusion (Fig.  2.9a–h ). The ortho-
dontist and surgeon should evaluate the affected 

  Fig. 2.7    ( a ) Example of ankylosis due to congenitally 
missing teeth (hypodontia). Initial clinical photographs of 
a 12-year 6-month-old patient with no history of prior 
trauma or a familial history of eruption disorders. ( b ) 
Panoramic radiograph illustrates the ankylosis of primary 
second molars and maxillary canines associated with con-
genitally missing maxillary second premolars and laterals 
as well as an ectopic LL5. The ankylosis is radiographi-
cally confi rmed due to the infraocclusion of the select 
teeth, while the adjacent teeth display normal eruption. 

( c ,  d ) Posttreatment clinical records including photo-
graphs and panoramic radiograph of the same patient after 
the extraction of primary canines, primary second molars, 
and ectopic mandibular left second premolar. The treat-
ment plan included canine substitution to replace maxil-
lary laterals and maintaining spaces for future implants or 
other prosthetics. After growth is completed, the patient 
will have the option of either implant/crowns, fi xed 
bridges, or removable partial dentures         

a

b
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c

d

Fig. 2.7 (continued)
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a

b

c

  Fig. 2.8    ( a ) Occlusal photograph of an edentulous area 
where a palatally impacted canine failed to erupt. The 
patient has the contralateral canine that has erupted into 
the arch normally. ( b ) The canine was surgically exposed 
and bonded during the exposure surgery with a linked 
chain. Subsequent recovering of canine with soft tissue 

fl ap resulted in the need to perform soft tissue laser sur-
gery to  re-expose the canine. ( c ) A periapical radiograph 
reveals the canine that is still impacted but ligated to the 
bonded pad and chain. This clinical scenario will result in 
a successful result of the canine into the arch       
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  Fig. 2.9    Preoperative photos of a patient with CCD in 
retained primary dentition before ( a – c ) and after surgical 
exposures and ligation to a heavy mil arch bar to place 
traction on the teeth and bring them into occlusion ( d – f ). 

Radiographic evaluation of the same patient with cephalo-
metric and panoramic fi lms reveals the extent of the 
unerupted permanent teeth and impaction ( g – h )         

a

c

b

d

fe

g h
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individual to determine what supernumerary 
teeth are best extracted and when is the optimal 
time to begin treatment. Some patients will ben-
efi t from craniofacial surgery to address the fron-
tal bossing and craniofacial anomalies.    

    Conclusion 

 Whether the propulsive force of eruption is 
created by the bone “pushing” the tooth, or the 
tooth “pulling” the bone with it, the role of 
genes critical to the bone remodeling process 
is evident. Nonetheless, several gaps remain in 
our understanding of tooth eruption process. 
Future studies to evaluate additional candidate 
genes and investigate the role of environmental 
factors, such as trauma or orthodontic forces, 
will be essential to completely understand the 
normal eruption process. Indeed, as suggested 
by Berkovitz [ 10 ], a multifactorial theory (i.e., 
a combination of environmental factors and 
the canonical eruption theories) may largely 
explain the normal process of eruption, but the 
complex interplay of regulatory factors and 
environmental cues that contribute to this 
mechanism is still poorly understood. It is pos-
sible that each of the eruption theories above 
contributes to some portion of the whole pro-
cess of tooth eruption. For instance, as the 
Hertwig epithelial root sheath (HERS) moves 
apically followed by its eventual disintegration 
and the formation of cementum during root 
formation (i.e., root elongation theory), it may 
signal the dental follicle and stellate reticulum 
cells to secrete mediators of bone remodeling 
(i.e., dental follicle theory). Mediators secreted 
from the dental follicle, such as VEGF, also 
cause angiogenesis and a concomitant increase 
in the apical tissue pressure propelling the 
tooth occlusally through the bone (i.e., hydro-
static pressure theory). It is likely that the bio-
logical mechanisms above represent portions 
of the cascade of events that facilitate normal 
eruption. An alteration of any part of these 
coordinated signaling events will lead to erup-
tion failure. 

 From a clinical perspective, the ultimate 
goal is to understand the normal process of 
eruption in order to manage those cases of pri-

mary and permanent tooth eruption disorders. 
Primary teeth that fail to erupt fully or that 
have erupted but are secondarily submerged as 
the surrounding alveolar bone continues to 
develop around it are more likely to be anky-
losed than permanent teeth with the same fate. 
However, isolated ankylosis of permanent fi rst 
molars can be managed by extraction of the 
offending ankylosed tooth allowing for nor-
mal eruption of the second and third molars. A 
failure of the second and third molars to erupt 
fully would be pathognomonic for PFE. A 
hallmark of PFE is the response of affected 
teeth to orthodontic force; orthodontic force 
 will not  result in eruption of the affected tooth 
but will in fact lead to ankylosis of the affected 
teeth or intrusion of the adjacent teeth. Finally, 
another critical clue to diagnosing and manag-
ing cases of eruption failure is that the genetic 
association with  PTH1R  confi rms the impor-
tance of determining a good family history. 
The American Society of Human Genetics 
suggested that taking a family history repre-
sents the gold standard in the diagnosis of and 
management of medical (and by extension, 
dental) disorders [ 35 ]. This judicious combi-
nation of clinical, biological, and genetic fac-
tors will change the way we have practiced in 
the past but will lead to the successful diagno-
sis and treatment of nearly all clinical disor-
ders in the not so distant future.     
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    Abstract  

  Although exfoliation of primary teeth and the subsequent eruption of the 
permanent successors usually occur in a systematic fashion, there are 
numerous conditions that can impact this developmental process. These 
conditions can be broadly grouped into the following categories:

    1.    Environmental factors   
   2.    Genetic conditions   
   3.    Endocrine conditions   
   4.    Immunological conditions   
   5.    Gestational factors     

 The mechanisms through which these conditions affect tooth eruption 
are diverse, and the diagnosis and management can be quite challenging for 
the oral health-care provider. These factors and conditions will be exam-
ined and material provided on clinical presentation and treatment options. 
Finally, where possible, each hereditary condition is identifi ed by its OMIM 
number so that the reader can easily obtain additional information.  

  3      Conditions Associated 
with Premature Exfoliation 
of Primary Teeth or Delayed 
Eruption of Permanent Teeth 

           Michael     Milano    

        Introduction 

 During development of the human dentition, the 
20 primary teeth emerge providing the infant and 
child with a masticatory apparatus and serving as a 
template that helps guide in the permanent denti-
tion. Thus exfoliation of primary teeth is an 

expected and normally a fairly predictable  process. 
Although the order of exfoliation  commonly fol-
lows a set pattern, there can be variation in the tim-
ing of exfoliation of a year or more. This variation 
is usually not considered abnormal as long as it 
refl ects the individual child’s dental development. 
In general, mandibular teeth exfoliate prior to 
maxillary teeth,  usually from the anterior to poste-
rior regions, the exception being the maxillary 
canines. This process occurs earlier in girls than 
boys [ 1 ]. However, primary teeth that exfoliate 
early,  outside of the child’s pattern of dental devel-
opment, can be a concern as this could refl ect an 
underlying local or systemic pathology. 
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 This chapter will examine some of these under-
lying conditions in a format that is meant to pro-
vide the practitioner with a straightforward 
approach to diagnosis and management. It is 
important to note that many of the conditions dis-
cussed in this chapter occur with an underlying 
medical condition. This necessitates that diagno-
sis, and often treatment, will include both medical 
and dental professionals [ 2 ]. 

 The format of this chapter has been chosen so 
as to provide the reader with a logical approach to 
information gathering and diagnosis, the critical 
fi rst step in appropriate management. The condi-
tions in this chapter are presented in three for-
mats. Each condition is described in a traditional 
text format. In addition, each is also listed in a 
table format allowing the reader to reach a tenta-
tive diagnosis by starting with a clinical presenta-
tion. Finally clinical photos are included as an 
additional method of identifying the diagnostic 
challenge facing the practitioner.  

    Premature Exfoliation 
of Primary Teeth  

    Environmental Factors 

 There are many environmental factors that affect 
tooth development as discussed in the chapters 
covering the topics of hypodontia and enamel and 
dentin anomalies. Similarly, there are different 
environmental factors that can infl uence the pro-
cess of tooth exfoliation. Premature  exfoliation of 
primary teeth can challenge the clinician to deter-
mine whether the etiology is the result of environ-
mental, systemic illness, or hereditary factors. 

    Acrodynia 
 Acrodynia, also known as “pink disease,” is a 
rare condition that is seen with hypersensitive 
children when using medications or creams with 
a mercury base [ 3 ,  4 ]. Clinical features include 
fever, severe sweating, anorexia, listlessness, 
irritability, tachycardia, hypertension, photopho-
bia, and a desquamation of the palms of the 
hands and the soles of the feet resulting in the 
“pink skin” [ 1 ,  3 ]. 

 Oral fi ndings include infl ammation and ulcer-
ation of the mucous membranes. In addition, 
hypersalivation has also been reported. Premature 
exfoliation of primary teeth can occur secondary 
to a loss of alveolar bone [ 3 ]. 

 Given the extensive physical signs and symp-
toms of this condition, diagnosis is likely to occur 
prior to presentation to the dentist with treatment 
being palliative in nature.  

    Autoextraction 
 Although autoextraction is not a common occur-
rence, it can be seen associated with certain 
 conditions in which individuals demonstrate self-
injurious behaviors. These conditions include con-
genital indifference to pain syndrome and 
Lesch-Nyhan syndrome, among others [ 5 ]. This 
self-injurious behavior can manifest itself intraorally 
as soft tissue lacerations, ulcers, and  premature tooth 
loss via autoextraction [ 5 ]. Armstrong and Matt 
(1999) reported  a case of autoextraction in an autis-
tic patient who can have hyposensitivity to pain and 
in one case report the person with autism removed 
seven permanent teeth over the course of several 
months [ 5 ]. Unfortunately treatment options are 
extremely limited in most instances.   

    Genetic Conditions 

    Chediak-Higashi Syndrome 
 Chediak-Higashi syndrome (OMIM #214500) is 
an autosomal recessive trait, with a variable age 
of onset, caused by mutations in the lysosomal 
traffi cking regulator gene that results in neutro-
penia and abnormal susceptibility to infection 
[ 1 ]. Clinical features include respiratory and skin 
infections. In addition, ocular features are also 
commonly seen, including both strabismus and 
nystagmus [ 1 ]. Dental fi ndings include an early 
onset and severe destruction of the periodontium 
which results in signifi cant mobility of the teeth. 
This periodontal destruction is very commonly 
associated with severe gingivitis [ 1 ]. 

 Diagnosis of Chediak-Higashi syndrome is 
likely to have been made prior to the patient pre-
senting for a dental evaluation. Dental treatment 
would be palliative, addressing the patient’s 
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symptoms. Bailleul-Forestier et al. [ 6 ] reported a 
case of a 12-year-old female with Chediak- 
Higashi syndrome who presented with signifi cant 
periodontal involvement. The authors reported 
that following appropriate treatment interven-
tion, which included initial periodontal therapy, 
frequent recalls, patient compliance, and continu-
ous long-term antibiotic therapy, the patient was 
able to maintain periodontal health over a 9-year 
follow-up period [ 6 ]. A medical referral should 
be made if necessary as these individuals are sus-
ceptible to recurrent infections and prolonged 
bleeding time [ 6 ].  

    Singleton-Merten Syndrome  
 Singleton-Merten syndrome (OMIM #182250) is 
a multiple system disorder that is inherited as an 
autosomal dominant trait [ 1 ]. Because of this 
multisystem involvement and with death occur-
ring between 4 and 18 years of age, it would 
likely be diagnosed based on clinical features 
rather than dental features. 

 Clinical features of Singleton-Merten include 
skeletal deformities of the hands and feet along 
with subluxation of joints, ruptured ligaments, 
muscle weakness, short stature, and osteoporo-
sis. Idiopathic calcifi cation of the aortic arch 
and valve is a commonly seen cardiac feature. 
Glaucoma and infertility have also been reported 
[ 1 ,  7 ]. 

 Dental abnormalities affect both the primary 
and permanent dentitions with early loss of both 
dentitions [ 1 ,  7 ]. The primary dentition may also 
demonstrate delayed eruption and immature root 
formation. This, along with acute root resorption 
and alveolar bone loss, results in the mobility and 
early loss of the primary dentition [ 1 ,  7 ]. 
Management of the dentition is palliative.  

    Coffi n-Lowry Syndrome 
 Children with Coffi n-Lowry syndrome (OMIM 
#303600), an X-linked inherited condition 
caused by mutations in a growth factor-related 
gene [ 1 ,  8 ], present with intellectual disabilities 
and skeletal anomalies [ 1 ,  8 – 10 ]. These children 
present with classic facial features related to the 
persistent anterior fontanel (Fig.  3.1 ). Thick 
hands, extensible joints, and hypotonia along 

with  sensorineural hearing loss are all common 
 features [ 1 ,  8 – 10 ].  

 Oral features associated with Coffi n-Lowry 
syndrome include both soft and hard tissues. Soft 
tissue features include a furrowed tongue and 
thick lips [ 8 ]. Also noteworthy are mandibular 
prognathism, high vaulted palate, microdontia, 
and premature exfoliation of primary teeth [ 1 , 
 8 – 10 ]. These primary teeth exfoliate without root 
resorption since the pathological mechanism 
appears to be hypoplastic cementum [ 10 ]. 

 The presentation of dental fi ndings may aid in 
the diagnosis but the spectrum of clinical features 
make it likely the diagnosis would be made prior 
to the presentation to the dental professional. 
Treatment includes palliative care with extraction 
of mobile symptomatic teeth along with aggres-
sive oral hygiene practices [ 8 ].  

    Hajdu-Cheney Syndrome 
 Hajdu-Cheney syndrome (OMIM #102500) is a 
rare progressive disorder of bone metabolism 

  Fig. 3.1    Typical facial appearance of Coffi n-Lowry 
syndrome       
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which results in a dissolution of the hand’s and 
feet’s terminal phalanges [ 11 ,  12 ]. It demon-
strates an autosomal dominant pattern of inheri-
tance due to mutations in the NOTCH2 gene that 
is an important regulator of gene expression. 
Hajdu-Cheney syndrome is characterized by a 
variable cluster of clinical manifestations affect-
ing skeletal and other tissues [ 1 ,  11 ,  12 ]. 

 The clinical features of this syndrome are 
quite obvious. In addition to the bony dissolution 
in the hands and feet, patients with Hajdu-
Cheney also demonstrate joint laxity, short stat-
ure, scoliosis, kyphosis, and multiple osteolytic 
lesions [ 1 ,  11 ,  12 ]. 

 These children also present with characteristic 
facial features. The craniofacial features, although 
not pathognomonic, are relatively distinctive. 
These features include an elongated skull with a 
widened sella turcica, absence of a frontal sinus, 
small chin, and a dolichocephalic appearance [ 11 , 
 12 ]. Coarse hair, thick eyebrows, and clubbing of 
the fi ngers are also seen [ 11 ]. 

 Oral features in Hajdu-Cheney include both 
hard and soft tissue pathology. Infl ammation of 
the gingiva with bleeding on probing is present. 
An underlying periodontitis with atrophy of the 
alveolar bone also occurs [ 11 ]. The hard tissue 
changes that have been reported include hypo-
plastic roots along with structural changes in the 
cementum and dentin which results in premature 
tooth loss [ 11 ,  12 ].  

    Ehlers-Danlos Syndrome 
 Ehlers-Danlos (OMIM #130090) represents a 
group of inherited disorders that are caused by 
mutations in the genes that code for different 
collagens and a variety of other proteins. 
Patients with Ehlers-Danlos demonstrate 
hyperextensible skin along with hypermobility 
of the joints of their digits [ 1 ,  13 ,  14 ]. The 
underlying pathological mechanism of this 
condition is related to a disordered collagen 
metabolism. Multiple subtypes have been rec-
ognized resulting in a prevalence of 1 in 5,000 
live births for this autosomal dominant condi-
tion [ 1 ,  13 ,  14 ]. 

 The reported dental changes are also related 
to the abnormal collagen metabolism and vary 

between the different subtypes. This disor-
dered metabolism is thought to result in 
enhanced resorption of the crest of the alveolar 
bone and apices of the roots [ 13 ]. In addition, 
fragility of the oral mucosa and blood vessels, 
along with the concomitant aggressive peri-
odontitis, results in severe alveolar bone loss 
with related tooth loss. Infl amed gingiva is also 
readily seen [ 13 ]. 

 The primary goal of the indicated dental treat-
ment is to control the disease and subsequent 
tooth loss. Unfortunately targeting oral hygiene 
alone does not produce enough of an impact to 
control the loss of clinical attachment which 
leads to the premature exfoliation of the teeth. It 
has also been reported that orthodontic treatment 
can exacerbate this bone loss [ 13 ,  14 ].  

    Papillon-Lefevre Syndrome 
 Papillon-Lefevre syndrome (OMIM #245000) 
is caused by mutations in the cathepsin C gene 
that codes for a protein with important function 
in immune cells. Perhaps the most striking clin-
ical feature of this syndrome, and something 
that is diagnostic for this condition, is the 
hyperkeratosis of the palms of the hands and 
the soles of the feet (Fig.  3.2a, b ) [ 1 ,  3 ,  15 – 18 ]. 
This rare genetic disorder follows an autosomal 
recessive pattern of inheritance and is seen 
equally in males and females with an incidence 
of one to four per million live births having 
been reported [ 1 ,  15 – 18 ].  

 The onset of the associated dental changes 
coincides with the eruption of the primary teeth 
and with the start of the hyperkeratosis [ 17 ]. The 
premature loss of teeth, which can affect both 
dentitions, is related to the severe periodontitis 
and bone loss. The gingiva is hyperemic and 
edematous with deep periodontal pocketing [ 15 , 
 18 ]. The teeth become progressively more mobile 
resulting in discomfort with eating [ 16 ]. Dental 
radiographs taken on these patients demonstrate 
generalized alveolar bone destruction associated 
with the primary dentition [ 16 ]. 

 Although a diagnosis of Papillon-Lefevre syn-
drome can be made histologically from biopsies 
from the skin of the hands and feet, it is usually 
made based on the clinical presentation and 
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genetic testing [ 18 ]. Clinically, the three features 
required for a diagnosis are [ 18 ]:
    1.    Autosomal recessive inheritance   
   2.    Palmoplantar hyperkeratosis   
   3.    Loss of the primary and permanent dentitions    

  A multifaceted treatment approach is 
required for Papillon-Lefevre syndrome. 
Treatment usually consists of four components: 
(1) aggressive professional in-offi ce care (2), 
treatment of involved symptomatic teeth (3), 
excellent home care and oral hygiene, and (4) 
antibiotics. In-offi ce care includes periodontal 
debridement along with scaling and root plan-
ing. Extraction of hopeless teeth should also be 
performed. In some cases early full-mouth 
extraction of the primary teeth is recommended 
so that the permanent teeth can erupt into a 
healthier environment [ 3 ,  17 ]. 

 Outside of the dental offi ce, treatment includes 
methods for aggressive local plaque control [ 15 ]. 
In addition antibiotics are sometimes used. The 
use of both broad-spectrum antibiotics and those 
aimed at specifi c identifi ed organisms has been 
reported in the literature [ 3 ,  15 ,  17 ,  18 ]. Early 
treatment is important since it may aid in the 
retention of the permanent dentition [ 1 ].  

   Cherubism 
 Cherubism (OMIM #118400) is a rare condition 
that has an onset of between 2 and 4 years of age 
[ 1 ]. It is inherited as an autosomal dominant trait 
and it is known to have a highly variable expres-
sivity [ 1 ,  3 ]. This is a fi broosseous condition 

characterized by osteoclastic degeneration of the 
upper and lower jaws followed by development 
of fi brous masses. 

 The two most common clinical features give 
rise to the typical facial appearance seen with 
cherubism. Involvement of the maxilla with dis-
placement of the globes along with the bilateral 
mandibular swelling yields the characteristic facial 
appearance of these children [ 3 ]. These symmetri-
cal mandibular swellings usually increase in size 
until puberty and stabilize and often regress after 
that [ 1 ,  18 ]. 

 Radiographically these mandibular swellings 
present as multilocular radiolucent cystic lesions 
which can also be seen in the ribs [ 1 ,  3 ,  19 ]. 
These multilocular cysts can impact the overly-
ing dentition (Fig.  3.3 ). They can cause displace-
ment of the primary and permanent dentition. As 
these teeth become more mobile, there is resul-
tant pain with the teeth eventually exfoliating. In 
some cases exfoliation of the primary dentition 
can occur as early as 22 months [ 1 ,  3 ,  19 ].  

 A diagnosis of cherubism is based on a com-
bination of all fi ndings including clinical, radio-
graphic, and histological. A family history can 
also help with the diagnosis [ 19 ]. Treatment will 
vary depending on the needs of the affected 
individual. Surgical reduction of the bony 
lesions can be accomplished if the child is hav-
ing psychosocial issues due to their appearance. 
While the lesions tend to regress after puberty, 
lesion regression may not occur until much later 
in life. Surgical treatment coupled with autoge-

a b

  Fig. 3.2    ( a ) and ( b ) Palmoplantar hyperkeratosis as seen in Papillon-Lefevre syndrome       
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nous bone grafting and postoperative treatment 
to reduce osteoclast activities also have been 
reported [ 20 ]. 

 Dental prostheses can be made to assist with 
mastication when teeth are lost due to progres-
sion of the fi broosseous lesions that can result in 
tooth displacement and loss.   

    Endocrine Conditions 

   Hypophosphatemia 
 Hypophosphatemia or hypophosphatemic rickets 
is an abnormality of renal tubular transport of 
phosphate that can present in various forms. These 
include X-linked (OMIM #307800), the autoso-
mal dominant vitamin D-resistant forms (OMIM 
#193100), and the autosomal recessive inherited 
trait (OMIM #241520) [ 3 ,  21 ]. Clinical features 
often become evident by the second year of life 
and include short stature and boxed legs [ 3 ,  21 ]. 

 Dentally these children have thin hypominer-
alized enamel along with large pulp chambers 
and high pulp horns which can result in pulp 
exposures even in the absence of dental caries. 
These pulp exposures can lead to spontaneous 
dental abscesses that result in bone loss and the 
early loss of primary teeth [ 3 ,  21 ]. 

 Diagnosis will often be made by a physician 
prior to any dental examination. However, dental 
radiographs will indicate the enamel and pulp 
chamber changes already mentioned. In addition, 
changes in the trabeculation of the alveolar bone 
along with abnormal or absent lamina dura can 
be observed radiographically [ 3 ]. 

 Treatment will depend upon the patient’s 
presentation. Patients will often be given vita-
min D analogs and phosphate supplements to 
improve tooth and bone mineralization. Pulp 
therapy followed by full-coverage crowns is 
often indicated along with extraction of 
abscessed teeth. Despite these different inter-
ventions and treatment, dental management in 
patients with severe dental manifestations is 
challenging, and outcomes of these therapeutic 
approaches are not well documented.  

   Hyperthyroidism 
 Hyperthyroidism (OMIM #275000) is an autoso-
mal dominant condition that results in an autoim-
mune reaction. Antibodies to the thyrotropin 
receptors are generated which results in an over-
production of thyroid hormone via a physiologi-
cal feedback cycle. In the presence of preexisting 
periodontal bone loss, an increase in circulating 
thyroid hormone will result in an increase in the 
number of bone resorbing cells which in turn 
results in an increase in bone maturation and 
turnover. This accounts for the alveolar bone 
loss, premature exfoliation of the primary denti-
tion, and an associated accelerated eruption of 
the permanent dentition [ 1 ,  22 ]. 

 This increase in circulating thyroid hormone 
is also the etiological factor for the clinical fea-
tures seen in hyperthyroidism. These include 
hyperactivity and emotional disturbances [ 1 ,  22 ]. 
Diagnosis would be based on blood work which 
would show an increased level of circulating thy-
roid hormone, and dental treatment would be 
based on the patient’s symptoms.  

  Fig. 3.3    Panoramic 
radiograph of a patient 
with cherubism. 
Multilocular lesions are 
evident in the mandible 
bilaterally       
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   Hypophosphatasia 
 Hypophosphatasia is characterized by improper 
mineralization of bone secondary to defective or 
defi cient alkaline phosphatase [ 1 ,  3 ,  15 ,  23 ]. This 
inheritable condition has multiple forms with dif-
ferent modes of inheritance including autosomal 
recessive and autosomal dominant transmission 
[ 1 ,  3 ,  24 ]. 

 Although the three different forms of hypo-
phosphatasia vary in prognosis, in general the 
earlier the disease manifests itself, the increased 
severity of the disease [ 1 ,  3 ]. The phenotypes for 
these forms vary from the mildest with premature 
loss of deciduous teeth to severe abnormalities of 
bone with neonatal death [ 15 ]. 

 The three forms, which are based on age of 
onset, are infantile, juvenile or childhood, and 
adult [ 3 ,  25 ]. These three types of hypophospha-
tasia have historically been delineated based on 
the time of diagnosis and level of severity [ 3 ]:
    1.    Infantile: autosomal recessive, usually lethal 

(OMIM #241500)   
   2.    Juvenile (or childhood): autosomal recessive, 

milder form (OMIM #241510)   
   3.    Adult: autosomal dominant, mildest (OMIM 

#146300)    
  The predominant dental fi nding in hypophos-

phatasia is mobility and premature loss of the pri-
mary teeth, most often the mandibular anterior 
[ 3 ,  25 ]. This tooth loss is usually spontaneous 
with the exfoliation being associated with a loss 
of alveolar bone along with defective or hypo-
plastic cementum (Fig.  3.4 ) [ 1 ,  3 ]. Alkaline 
 phosphatase is critical for normal development of 
mineralized tissues, and hypophosphatasia 
results in abnormal cementoblast function and 
the cell’s ability to regulate pyrophosphates criti-
cal for normal tissue formation and mineraliza-
tion during cementogenesis. This defective 
cementum results in a weakened tooth to alveolar 
bone attachment which in turn leads to the loss of 
the primary dentition [ 15 ]. This tooth loss is 
associated with minimal gingival infl ammation 
and minimal plaque buildup (Fig.  3.5 ) [ 1 ,  14 ].   

 Since the teeth are usually affected in the 
order that they are formed, teeth that are formed 
earlier are the teeth that are usually involved; this 
includes the mandibular anterior primary teeth 

[ 15 ]. It should be noted that posterior teeth can 
also exfoliate prematurely [ 23 ]. Additional den-
tal fi ndings that have been reported include 
enamel hypoplasia, enlarged pulp chambers and 
root canals, bulbous crowns, and delayed dentin 
formation [ 23 ,  24 ]. 

  Fig. 3.4    Prematurely exfoliated teeth as seen in 
hypophosphatasia       

  Fig. 3.5    Minimal infl ammation seen in the area of prema-
turely exfoliated teeth in a child with hypophosphatasia       
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 Hypophosphatasia can be diagnosed in two 
different ways. Laboratory tests can be used to 
determine the level of serum alkaline phospha-
tase. In hypophosphatasia a defi cient serum and 
bone alkaline phosphatase activity is found [ 3 , 
 15 ,  23 ]. An additional method of diagnosis 
involves histological examination of the cemen-
tum. Histological samples will indicate hypopla-
sia of the cementum to the point of a virtual 
absence of it, resulting in exfoliation of the pri-
mary dentition prior to root resorption [ 1 ,  23 ]. 

 Recently, Whyte et al. [ 26 ] reported the results 
of a multinational, open-label study of treatment 
with ENB0040, a recombinant human tissue non-
specifi c alkaline phosphatase (TNSALP; 171760) 
coupled to a deca-aspartate motif for targeting, 
an enzyme replacement therapy for infantile 
hypophosphatasia. In this study 11 infants or 
young children with life-threatening hypophos-
phatasia were enrolled. Improvement in develop-
mental milestones and pulmonary function along 
with the healing of bony changes was noted in 
nine patients after 6 months of therapy [ 26 ]. 
Management of this condition has until now been 
palliative in nature, aimed at the relief of symp-
toms often by the use of nonsteroidal anti- 
infl ammatory medications [ 15 ,  23 ]. Dental 
management emphasizes thorough prevention 
and oral hygiene regimens [ 23 ]. Although the 
prognosis for the affected primary teeth is poor, it 
is good for the permanent teeth as these are usu-
ally uninvolved [ 23 ]. It is not yet clear what the 
potential benefi t of enzyme replacement therapy 
might be for the dental manifestations and timing 
of treatment may be problematic unless therapy 
is initiated during root formation so cementogen-
esis can progress normally.   

    Immunological Conditions 

   Prepubertal Periodontitis 
 With an onset by 4 years of age, prepubertal peri-
odontitis exists in both localized and generalized 
forms [ 1 ]. The localized form presents with little 
gingival involvement, demonstrating few signs of 
infl ammation [ 1 ]. In the generalized form, severe 
acute gingival infl ammation and recession are noted 
around all of the primary teeth [ 1 ]. The destruction 

of alveolar bone in prepubertal periodontitis is more 
rapid than what is seen with the adult form [ 1 ]. 

 The tooth loss exhibited in prepubertal peri-
odontitis can be mistaken for that associated with 
hypophosphatasia. However in prepubertal peri-
odontitis, which in girls is one of the most com-
mon reasons for premature exfoliation of the 
primary teeth, the children are seropositive for 
 Actinobacillus actinomycetemcomitans  [ 1 ].  

   Leukocyte Adhesion Defi ciency 
 This rare autosomal recessive disorder (OMIM 
#612840) is characterized by a defect associated 
with the white blood cells which results in a 
defect of their phagocytic function [ 13 ,  27 – 29 ]. 
The resultant defective or defi cient surface pro-
tein causes poor leukocyte migration to the site 
of infection [ 15 ]. This leads to the impaired 
phagocytic function of the leukocytes and a sub-
sequent increased risk of infection, including 
periodontitis [ 15 ,  22 ]. 

 The clinical features of leukocyte adhesion 
defi ciency are all related to this impaired leuko-
cytic function. These children present with recur-
rent fungal and bacterial infections with impaired 
wound healing. Recurrent infections of the skin 
and otitis media are commonly seen along with 
necrotic infections of the gastrointestinal tract 
and mucous membranes [ 15 ,  27 – 29 ]. These skin 
infections are often without the formation of any 
purulence [ 29 ]. 

 The pathologies within the oral cavity are all a 
function of a severe chronic infection. A severe 
periodontitis is present (Fig.  3.6 ) causing rapid alve-
olar bone loss. This early-onset periodontitis in the 

  Fig. 3.6    Severe gingivitis and periodontitis associated 
with leukocyte defect       
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primary dentition, and the resulting rapid alveolar 
bone loss (Fig.  3.7 ) surrounding the primary teeth, 
is the cause of the early exfoliation of (in some 
cases) the entire primary dentition [ 15 ,  27 – 29 ]. A 
marked gingival infl ammation is present around the 
affected teeth which includes both the primary and 
permanent dentitions [ 15 ,  28 ] (Table  3.1 ).  

   Given the extensive and systemic nature of 
the course of this disease, the diagnosis may be 
made by a physician before the patient interacts 
with a dentist [ 15 ,  28 ]. Dental care includes estab-
lishing immaculate oral hygiene, but this is usually 
not enough to salvage the teeth given the chronic 
nature of this illness [ 15 ,  28 ]. However, the child 
represented in Figs.  3.6  and  3.7  had not been diag-
nosed despite frequent medical visits and it was the 
oral manifestations and referral by the dentist that 
lead to the diagnosis.  

   Neutropenia (Cyclic/Noncyclic) 
 Neutropenia presents in various forms, each with 
different etiologies. Neutropenia may be drug 
induced or idiopathic, acquired or congenital, and 
cyclic or constant [ 25 ]. In children, neutropenia is 
often the result of the ingestion of medications; 
however the cyclic form is an autosomal dominant 
condition (OMIM #162800) [ 1 ,  3 ,  30 ,  31 ]. 
Regardless of the etiology, the pathophysiology is 
the same. These individuals have a decrease in cir-
culating neutrophils which results in a predisposi-
tion for infections including gingivitis, periodontitis, 
and the premature exfoliation of teeth [ 25 ]. 

 Because of the decrease in circulating neutro-
phils, these children are at increased risk for both 
opportunistic infections and recurrent infections 

such as respiratory and skin infections along with 
otitis media [ 3 ]. These children will often have a 
clinical presentation that also includes fever, 
 malaise, aphthous stomatitis, pharyngitis, regional 
lymphadenopathy, headache, and conjunctivitis [ 3 ]. 

 The dental pathologies reported in children with 
neutropenia are all associated with an impaired 
immune system. Severe gingivitis and painful oral 
ulcerations can be so painful so as to cause diffi culty 
with toothbrushing, eating, and even taking oral 
medications. If the neutropenia is cyclical in presen-
tation, the gingiva may return to an essentially nor-
mal clinical appearance during the time that the 
neutrophil count returns to normal [ 1 ,  3 ,  30 – 32 ]. 

 The recurrent and continued insult to the gin-
giva and supporting tissue has long-term conse-
quences. Signifi cant loss of supporting bone 
ultimately occurs. This pronounced loss of alveo-
lar bone results in mobility of both the primary 
and permanent dentitions [ 1 ,  3 ,  31 – 33 ]. 

 Because of the varied etiological factors that can 
result in neutropenia, onset can occur at any age (if 
related to the ingestion of a medication), but the 
onset is shortly after birth or in early childhood for 
the cyclic neutropenic form [ 3 ,  30 ]. Although it is 
possible that the fi rst clinical sign noticed could be 
related to the oral fi ndings, it is much more likely 
that the diagnosis will be made by a physician prior 
to presenting to the dental offi ce. Although clinical 
signs may raise concerns with the physician, the 
actual diagnosis is made by laboratory studies [ 25 ]. 
Blood analysis and a complete blood count with a 
differential will demonstrate a depressed neutro-
phil count (if cyclic, the blood work may need to be 
done more than once in order to time the test with 
the transient neutrophil decrease) [ 31 ,  32 ]. 
Granulocyte colony-stimulating factor is used to 
treat a variety of neutopenis by stimulating the 
bone marrow to produce more white blood cells. 

 The goal of the dental management for these 
children is to take the measures necessary to pre-
vent the gingival infl ammation that ultimately 
leads to the bone loss, by reducing the amount of 
dental plaque [ 33 ]. Control of this gingival infl am-
mation is attempted by both mechanical and che-
motherapeutic measures. Mechanical measures 
focus on intense preventive/home care which 
includes scaling and root planing along with 
extensive oral hygiene and plaque control [ 30 ,  32 ]. 

  Fig. 3.7    Bone loss associated with the periodontitis seen 
with leukocyte defect       
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Chemotherapeutic measures can include the use 
of antibiotics and chlorhexidine [ 25 ,  31 ,  32 ]. 
Unfortunately even with vigorous local plaque 
control measures, many patients are unable to 
maintain a high enough level of oral hygiene to 
prevent future disease.  

   Histiocytosis X/Langerhans Cells 
 Histiocytosis X (OMIM #602782) is a rare group 
of disorders that are characterized by a neoplastic 
or reactive proliferation of histiocytes in various 
organs or tissues [ 1 ,  15 ,  34 ,  35 ]. It occurs most 
frequently in children (before 6 years of age) or 
young adults [ 25 ,  36 ]. Some studies report no sex 
predilection while others report that males are 
more frequently affected. No racial bias has been 
reported [ 25 ,  34 ,  36 ]. Although now referred to 
as a group as Langerhans cell histiocytosis, this 
condition does have multiple forms. These forms 
include Letterer-Siwe disease, Hand-Schuller- 
Christian, and eosinophilic granuloma [ 1 ,  3 ,  25 ]. 
The pathophysiology of each of these all involve 
Langerhans cells, with a defi nitive diagnosis 
being made via biopsy [ 3 ,  15 ,  37 ]. 

 Each of these forms differs in severity and clin-
ical features [ 3 ]. Letterer-Siwe represents the 
acute and disseminated or fulminating form. This 
form often affects infants and children who are 
younger than 3 years of age. Clinically these 
 children suffer from a low-grade fever, erythema-
tous skin rash, thrombocytopenia, anemia, lymph-
adenopathy, and hepatosplenomegaly along with 
bony involvement [ 3 ,  36 ]. These bony changes 
include radiolucent lesions found in the mandible, 
skull, and long bones [ 36 ]. Letterer-Siwe has a 
very poor prognosis, with most patients dying 
within a very short period of time [ 36 ]. 

 Hand-Schuller-Christian is the disseminated 
chronic form of Langerhans cell histiocytosis. 
These individuals also present with frequent 
fevers and infections, otitis, upper respiratory 
infections, skin rash, mastoiditis, and lymphade-
nopathy. Organ involvement includes spleno-
megaly and hepatomegaly [ 36 ]. 

 The mildest and most frequently reported 
form is eosinophilic granuloma. Even though 
bony involvement can still occur in any bone 
including the mandible, clinical features tend to 
resemble severe juvenile periodontitis [ 36 ]. 

Overall the prognosis for Langerhans cell his-
tiocytosis is poor for the early-onset dissemi-
nated form and excellent for the localized mild 
form [ 15 ]. 

 The clinical features associated with 
Langerhans cell histiocytosis are quite variable, 
although all forms have some common features 
[ 25 ]. All demonstrate fever, skin rashes, otitis 
media, anemia, lymphadenopathy, hepatospleno-
megaly, and lytic lesions of the bone. All of these 
features are related to the infi ltration by histio-
cytes of the various end-target organs: skin, 
bones, liver, and spleen [ 15 ,  37 ]. 

 The reported dental features are a result of the 
tissue infi ltration and the bony lytic “punched 
out” lesions [ 35 ]. Reported oral fi ndings include 
alveolar expansion with tooth mobility, pain, 
swelling, halitosis, gingival enlargement, ulcer-
ations, gingival necrosis, premature exfoliation 
of teeth, periodontal pocketing, and bleeding [ 1 , 
 3 ,  15 ,  25 ,  34 ,  36 ]. 

 The alveolar bone loss is visualized radio-
graphically as discrete destructive radiolucent 
lesions that give the impression of teeth fl oating 
within the alveolar bone [ 1 ,  15 ,  37 ]. Although 
these well-defi ned radiolucencies can occur in 
many sites (skull, ribs, pelvis, femur, and 
humerus), the mandible is usually involved with 
most lesions appearing in the area of the molars 
(Fig.  3.8 ) [ 3 ,  36 ].  

 The treatment varies and is based on the 
severity of the disease, often requiring radiation 
therapy and immunosuppressive drugs [ 25 ]. 
Some of the literature discusses periods of obser-
vation, but since these lesions are rarely self-
limiting, treatment involving surgery, injectable 
corticosteroids, or low-dose radiation therapy is 
often necessary [ 3 ,  25 ]. Dental treatment 
includes scaling and root planing with extraction 
of affected teeth. Chlorhexidine is also some-
times used [ 15 ,  34 ]. 

 Langerhans cell histiocytosis is a systemic 
condition that may fi rst be recognized and diag-
nosed by the dentist. In some cases the oral 
changes may be the fi rst pathological sign which 
may lead the patient to seek a dental evaluation 
[ 36 ]. It has been reported in fact that up to 20 % 
of the cases have their initial tissue infi ltration in 
the oral cavity, usually the mandible [ 15 ].    
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    Delayed Eruption 
of Permanent Teeth  

 As mentioned earlier, exfoliation of primary teeth 
and the subsequent eruption of the succedaneous 
teeth follow a typical pattern and timing. The pri-
mary dentition is usually replaced in this process 
beginning at 6 years of age and is completed at 
12 years of age, approximately [ 38 ]. However the 
eruption time can vary considerably. 

 This variation in eruption time is infl uenced 
by many factors. It has been reported that these 
factors include ethnicity, gender, and race [ 38 , 
 39 ]. For example, girls display earlier eruption 
timing than boys, with an average difference of 
4–6 months [ 39 ]. It is thought that this is related 
to the earlier onset of maturity seen in girls [ 39 ]. 

 Individual teeth may also display variation 
within the same dental arch. Lower incisors, for 
example, demonstrate the least variation in tim-
ing of eruption and mandibular second premolars 
the most [ 38 ]. 

 There are also diagnosable conditions that will 
result in delayed eruption of the permanent denti-
tion (Table  3.2 ). These conditions can be divided 
into four general categories. These include gesta-
tional, genetic, local, and systemic [ 39 ,  40 ].

      Gestational Factors 

   Preterm Birth 
 These are related to birth weight and prematurity or 
preterm, which is a birth weight below 2,500 g or 
before a gestational age of 37 weeks [ 39 ]. Numerous 
studies have indicated that children born preterm 

demonstrate delayed eruption of both primary and 
permanent dentitions [ 39 ]. This delayed eruption is 
more noticeable in younger children, as the eruption 
timing seems to catch up as the child ages [ 39 ].   

    Local Factors 

   Gingival Hyperplasia/Supernumerary 
Teeth/Ankylosed Teeth/Orofacial Clefts 
 These factors often result in delayed eruption by 
acting as a physical obstruction resulting in 
delayed eruption of the permanent teeth. One 
such factor is the physical obstruction caused by 
gingival scar tissue or hyperplasia [ 39 ]. This 
hyperplasia may be the result of pharmacologi-
cal, hereditary, or hormonal factors [ 39 ]. 

 Supernumerary teeth and ankylosis of a pri-
mary tooth both have the potential to result in 
delayed eruption of the permanent dentition, 
although ankylosis more often results in delayed 
exfoliation of the primary teeth [ 39 ,  40 ]. 
Supernumerary teeth, which most often appear in 
the area of the maxillary incisors (mesiodens), 
can cause a physical impediment to eruption by 
causing crowding, displacement, and rotation, 
resulting in impacted teeth [ 38 ,  39 ]. 

 Delayed eruption has also been reported in 
children with orofacial clefts [ 38 ].   

    Systemic Factors 

 Systemic conditions that result in delayed tooth 
eruption include metabolic, nutritional, and endo-
crine [ 39 ,  40 ]. Authors have reported that children 

  Fig. 3.8    “Floating teeth” 
as seen on a panoramic 
radiograph of a patient 
with Langerhans cell 
histiocytosis       
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who experience chronic malnutrition demonstrate 
a correlated delayed tooth eruption [ 39 ]. Certain 
endocrine disturbances such as hypothyroidism 
and hypopituitarism can lead to a delayed erup-
tion [ 39 ,  40 ]. In addition, other disturbances of 
systemic growth, such as renal problems, can also 
be linked to delayed eruption [ 39 ]. 

   Hypothyroidism 
 Like all endocrine disorders, hypothyroidism 
(OMIM #275120) is a disorder that impacts the 
growth and development of the entire body [ 39 ]. 
This disorder is usually diagnosed at birth by a 
blood test [ 40 ]. Although there are multiple forms 
of this disorder (congenital versus acquired), the 
underlying physiological mechanism is similar. 
Without appropriate treatment, the defi ciency in 
circulating thyroid hormone results in a child who 
is short in stature with short arms and legs and a 
disproportionately large head. Obesity is also a 
common fi nding [ 40 ]. 

 The dental fi ndings in hypothyroidism are 
also related to the abnormal physical growth. 
The teeth are normal in size, shape, and number 
but are crowded in the dental arches because of 
the smaller jaws [ 40 ]. In addition, the tongue 
appears larger than normal resulting in an ante-
rior open bite [ 40 ]. This malocclusion, paired 
with mouth breathing, results in hyperplasia of 
the gingiva [ 40 ].  

   Hypopituitarism 
 As mentioned previously this disorder (OMIM 
#241540), which is also known as pituitary 
dwarfi sm, impacts the child’s entire body [ 39 , 
 40 ]. Physiologically this decreased function of 
the pituitary gland results in decreased secretion 
of growth hormone, which leads to a child who 
appears much younger than their chronological 
age. This disorder can also be diagnosed at birth 
with a blood test [ 40 ]. 

 The most signifi cant dental fi nding associ-
ated with hypopituitarism is delayed eruption of 
the permanent dentition along with delayed 
exfoliation of the primary teeth. It is interesting 
to note that the unerupted permanent teeth con-
tinue to undergo root development yet often 
never erupt [ 40 ].   

    Genetic Conditions 

 There are numerous conditions, some of which 
were discussed in the Chapter   2    , such as Apert and 
Gardner syndromes, that result in delayed eruption 
[ 38 – 41 ]. Some of these genetic conditions, along 
with some of the previously mentioned endocrine 
disorders, will be discussed in some detail below. 

   Apert Syndrome 
 This genetic condition (OMIM #101200) (Fig.  3.9 ) 
is characterized by abnormalities in the genes 
related to fi broblast growth factor receptors. 
Although the pathological mechanism is unclear, 
the ultimate result is thickening of the gingiva. 
Eruption is delayed as the teeth attempt to pass 
through the thickened gingiva. The swellings asso-
ciated with these buried teeth of the maxillary arch 
are a pathognomonic fi nding [ 38 ].   

   Gardner Syndrome 
 This rare autosomal dominant condition (OMIM 
#175100) is known for physical fi ndings in mul-
tiple target organs. These physical fi ndings 
include osteomas, polyps of the gastrointestinal 

  Fig. 3.9    Facial appearance of Apert syndrome       
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tract, skin and soft tissue tumors, and a lesion 
of the retina that is pathognomonic for this 
 syndrome [ 38 ]. 

 In addition to the above pathologies, dental 
anomalies are also associated with Gardner syn-
drome. It has been reported that these dental 
anomalies are found in up to 75 % of these 
patients [ 38 ]. These anomalies include supernu-
merary teeth, malformed teeth, fused roots of the 
molars, hypercementosis, hypodontia, odonto-
mas, and unerupted and impacted teeth. Because 
of the large number of dental fi ndings, it is pos-
sible that the dentist could be the fi rst person to 
suspect this condition [ 38 ].  

   Down Syndrome 
 Down syndrome (OMIM #190685) (trisomy 21) 
is a genetic condition associated with many con-
genital anomalies including a characteristic 
facial appearance [ 40 ]. These features include 
upwardly sloping eyes with a bridge of the nose 
that is depressed more than normal [ 37 ]. Many 
of these children also have malformations of the 
external part of the ear. More consequential 
abnormalities are also present such as chronic 
respiratory infections, impaired immunity, and 
cardiac problems [ 40 ]. 

 Dental fi ndings in children with Down syn-
drome are numerous and variable. Frequent oral 
fi ndings include large tongue, small upper face 
height and midface, gingivitis, signifi cant peri-
odontal disease, and dental crowding [ 40 ]. 
Delayed eruption is also seen along with an 
abnormal sequence of eruption [ 40 ].  

   Cleidocranial Dysplasia 
 Cleidocranial dysplasia (OMIM #119600) (CCD) 
is a rare autosomal dominant condition that is 
associated with dental anomalies and the charac-
teristic hypoplasia of the clavicle [ 38 ,  40 ,  41 ]. 
The prevalence of CCD is estimated to be one per 
million with sporadic mutations also reported 
[ 40 ,  41 ]. 

 In addition to the hypoplastic clavicles, other 
features are common in children with CCD. Some 
of these include open cranial sutures, small fron-
tal sinuses, hypoplastic midface, and short stature 
[ 40 ,  41 ]. 

 Dental fi ndings are found in greater than 90 % 
of affected individuals. Supernumerary teeth 
along with a shorter maxilla lead to crowding and 
malocclusions. Delayed eruption of the primary 
and permanent teeth, along with failure of the pri-
mary teeth to exfoliate, is also commonly reported 
[ 40 ,  41 ].    

    Conclusion 

 The early loss of primary teeth and the delayed 
eruption of the permanent dentition can occur 
as part of the variation of normal developmen-
tal timing. However, as the contents of this 
chapter indicate, both of these situations can 
occur as part of the presentation of numerous 
pathological conditions. 

 In many of these, treatment interventions do 
exist so early diagnosis is critical. In addition, 
knowing the proper course of treatment can 
have a major impact on the patient’s oral health 
and, by extension, their overall quality of life. 

 Finally, even though some of these condi-
tions may be best treated by various dental 
specialists, it is in the patient’s best interest if 
the general dentist can provide early diagnosis 
along with the appropriate referral in order to 
help with expediting care.     
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        Introduction 

 Beyond caries and trauma, a third common cause 
of a missing tooth or teeth requiring treatment is 
the spectrum of developmental anomalies that 
result in enamel or dentin hypoplasia, tooth dys-
plasia, or tooth agenesis [ 23 ]. While several of 
these developmental tooth anomalies of genetic 
basis are part of well-described syndromes, other 
variations in the number of teeth result from 

 nonsyndromic and unique (not inherited) disrup-
tion in the genetically encoded program and 
molecular pathways necessary for tooth develop-
ment. On occasion, hypodontia can be attribut-
able to environmental factors that disrupt this 
developmental program such as infection (e.g., 
rubella), trauma, chemo- or radiotherapy, or dis-
turbances in jaw innervations [ 25 ]. While the 
topic of syndromic tooth agenesis is the focus of 
the accompanying chapter by Dr. Clark Stanford 
(see Chap.   5    ), the dual purpose of this report is to 
review the molecular basis for nonsyndromic 
tooth agenesis and to illustrate the contemporary 
clinical management of the varied clinical condi-
tions representing this spectrum of genetically 
based disorders.  

        L.  F.   Cooper ,  DDS, PhD    
  Department of Prosthodontics , 
 University of North Carolina at Chapel Hill , 
  Chapel Hill ,  NC ,  USA   
 e-mail: Lyndon_Cooper@unc.edu  

  4      Treatment of Nonsyndromic 
Anomalies of Tooth Number 

           Lyndon     F.     Cooper    

    Abstract  

  Nonsyndromic tooth agenesis represents a common odontogenic condi-
tion that should be managed by a multidisciplinary specialty team. The 
genetic basis for agenesis of teeth refl ects the key transcriptional events 
involved in mesenchymal-epithelial interactions during tooth formation. 
Mutations of genes including  PAX9 ,  MSX1 ,  AXIN2 , and  EDA  are impli-
cated. Clinicians should be aware of familial history of tooth agenesis. 
Treatment may involve orthodontists and prosthodontists early in the man-
agement of these individuals. In all cases, the establishment of oral health, 
stable occlusion, and establishment of a conceptual framework for treat-
ment resulting in effi cient tooth replacement and aesthetic outcomes 
should be considered in the mixed dentition phase. Defi nitive tooth 
replacement using conventional or implant prostheses should be reserved 
for individuals with complete facial growth and maturation.  

http://dx.doi.org/10.1007/978-3-319-13057-6_5
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    The Spectrum of Nonsyndromic 
Selective Tooth Agenesis 

 Selective tooth agenesis (STHAG) has been pro-
posed as a term to describe the full spectrum of 
disorders of tooth number [ 9 ]. Included within this 
term are the classically defi ned terms, hypodontia, 
oligodontia, and anodontia (Table  4.1 ).

   When considering the nonsyndromic forms of 
selective tooth agenesis, agenesis is reported to 
affect any of the permanent teeth with varying 
prevalence that is variable among different popu-
lations and races [ 16 ]. The most commonly miss-
ing teeth include third molars (excluded from 
defi nitions of oligodontia and hypodontia), man-
dibular second premolars, and lateral incisors. 
Current estimations suggest that hypodontias 
affect approximately 7–8 % of the population and 
oligodontias are displayed by less than 0.5 % of 
the population [ 15 ]. Reports of anodontia are 
extremely rare. 

 Nonsyndromic selective tooth agenesis rep-
resents the most common form of congenital 
tooth agenesis. It has been classifi ed as either 
sporadic or familial and is inherited in autoso-
mal dominant, autosomal recessive, or X-linked 
modes [ 5 ]. The observed clinical diversity 
underscores the considerable variation in both 
penetrance and expression. Nonsyndromic 
selective tooth agenesis commonly affects the 
secondary dentition; rarely is it observed in the 
primary dentition (Fig.  4.1 ). This fi nding has 
many implications for clinical management. 
Principally, the management begins with evalu-
ation and treatment of the primary or mixed 
dentition while considering the needs of the 
adolescent and young adult patient. When man-

aging patients with developmentally missing 
teeth, it is critical to have in mind both the short-
term and long-term goals as you set forth on a 
treatment trajectory. The clinician should always 
have a vision for what future treatment may be 
necessary to achieve those goals.   

    The Molecular Basis 
of Nonsyndromic Selective 
Tooth Agenesis 

 Agenesis of one or more teeth is a result of errors 
in the earliest processes of development. The fi rst 
morphological cues are found in the thickening 
of the oral epithelium to form to dental lamina, 
and the inductive, tooth-forming potential arises 
from the dental ectoderm. The next steps, now 
directed by the dental mesenchyme, lead to the 
formation of the epithelial bud, and shortly there-
after the enamel knot is formed and reacquires 
directed control of morphogenesis. Subsequently, 
the cap stage is recognized and progresses by 
mesenchymal-epithelial interactions to the bell 
stage in which fully committed ameloblastic cells 
and odontoblastic cells surrounding the dental 
papilla follow a complex genetic program lead-
ing to complete tooth development [ 17 ,  26 ]. The 
mesenchymal cells differentiate into odonto-
blasts. The opposing epithelial cells differentiate 
into ameloblasts. 

 The morphologic description of tooth devel-
opment (proceeding from dental lamina, to 
bud, to cap, to bell stages) is temporally associ-
ated with a pattern of regulated gene expres-
sion. Prominent among these events is the 
expression of regulatory molecules that play 
key roles in differentiation and development. 
Evidence of the roles that specifi c genes play 
in the location, size, shape, and number of 
teeth has come from genetic investigations 
conducted in mice [ 21 ,  22 ]. Many others have 
recently reviewed the remarkable molecular 
events that direct the formation of teeth [ 27 ]. 
Over 300 genes, many of which encode growth 
factors, transcription factors, or receptors, have 
been identifi ed to contribute in this process 

   Table 4.1    Classifi cations of selective tooth agenesis   

 Inheritance  Magnitude  Defi nition 

 Syndromic  Hypodontia  Less than six 
teeth absent 

 Nonsyndromic  Oligodontia  Six or more 
teeth absent 

 Anodontia  All permanent 
(and/or 
deciduous) teeth 
absent 
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[ 22 ]. By way of a brief summary, several spe-
cifi c known genetic alterations have been asso-
ciated with nonsyndromic selective tooth 
agenesis (Table  4.2 ).

   Development is fundamentally regulated by 
homeobox-encoding genes that serve as master 
transcriptional regulators or genes that produce pro-
teins that orchestrate the expression of other genes 
and their protein products. Included are  MSX1  and 
 MSX2 . In tooth development,  MSX1  gene  expression 

contributes to early stages of tooth development. 
The disruption of  Msx1  in mice causes develop-
mental arrest of incisor and molar teeth [ 7 ]. 
Deletion, frameshift, and nonsense mutations of 
 MSX1  (OMIM #106600 – STHAG1) in humans are 
associated with inherited forms of nonsyndromic 
and syndromic forms (Witkop syndrome – OMIM 
#189500) of tooth agenesis [ 19 ,  24 ]. 

  PAX9  gene mutations are also associated with 
nonsyndromic selective tooth agenesis (OMIM 

a

b

c

  Fig. 4.1    Diversity of 
nonsyndromic tooth 
agenesis represented in 
young adults. ( a ) Panoramic 
radiograph reveals absence 
of the right maxillary lateral 
incisor tooth and a peg 
malformation of the 
maxillary left lateral incisor. 
( b ) More extensive agenesis 
with only 14 permanent 
teeth present. Note that the 
management has involved 
the retention of mandibular 
lateral incisors and canine 
teeth as well as molars. 
( c ) Extensive tooth agenesis 
revealing the presence of 
12 permanent teeth with 
malformation       
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#604625 – STHAG3). PAX9 is another homeodo-
main protein that directly activates the  MSX1  gene. 
A central and early regulatory role in tooth devel-
opment is evidenced in  Pax9  homozygous defi -
cient mice that lack all teeth for which development 
is arrested in the bud stage. Severe hypodontia in 
humans can be a result of  PAX9  haploinsuffi ciency 
(one gene allele produces no functional protein, 
while the other  PAX9  allele produces normal pro-
tein) [ 10 ] or different frameshift, deletion, mis-
sense, or nonsense mutations in the  PAX9  gene. 

 The WNT gene family of morphogens is broadly 
active in human development, especially where 
mesenchymal-epithelial interactions are prominent 
such as the process exemplifi ed by tooth develop-
ment. Inhibition of the WNT pathway causes arrest 
of tooth development prior to the bud stage [ 1 ]. 
Wnt protein-induced signaling culminates in tran-
scriptional regulation involving β-catenin. AXIN2 
is a Wnt-signaling pathway protein that regulates 
β-catenin activity. Mutations of  AXIN2  were found 
among individuals with different tooth agenesis 
patterns, and these individuals were identifi ed to 
have an increased risk of colon cancer. Therefore 
individuals with  AXIN2  mutations are consid-
ered as having oligodontia-colorectal cancer syn-
drome (OMIM #608615). Interestingly, Gardner 
syndrome (OMIM # 175100) is associated with 
supernumerary teeth and increased risk of colon 
cancer and results from mutations in the APC gene 

which also is in the β-catenin pathway. In a recent 
study, mutations in the  WNT10A  gene accounted 
for almost a third of selective tooth agenesis cases 
(STHAG4 – OMIM #150400) [ 3 ].  WNT10A  
 mutations also are associated with syndrome-asso-
ciated missing teeth (odontoonychodermal dyspla-
sia, OMIM # 257980, and Schopf-Schulz-Passarge 
syndrome, OMIM #224750). Diverse mutations of 
inherited and spontaneous nature have been identi-
fi ed and lead to varying degrees of oligodontia and 
hypodontia [ 26 ]. The association of missing teeth 
with very diverse syndromes, some of which have 
signifi cant other potential occult manifestations 
such as colon cancer risk, amplifi es the need for 
obtaining a correct diagnosis of the etiology in all 
cases of selective tooth agenesis. 

 The more common forms of ectodermal dys-
plasias and related tooth agenesis conditions are 
due to mutations of the ligands, receptors, and 
signaling molecules along a tumor necrosis 
factor- related pathway represented by EDA (the 
ligand), EDAR (the receptor), EDARADD (sig-
naling adaptor), the IKK gamma (NEMO) kinase, 
and WNT10A [ 8 ,  14 ]. However, a nonsyndromic 
X-linked mutation was associated with an  EDA  
gene mutation expressed as the congenital 
absence of maxillary and mandibular central 
incisors, lateral incisors, and canines [ 11 ]. 

 Other genes may be implicated in nonsyn-
dromic selective tooth agenesis. Recently,  LTBP3  
(latent TGF-β binding protein 3) mutation was 
identifi ed as responsible for an autosomal reces-
sive form of familial oligodontia. Because genetic 
evaluation of individuals with oligodontia or 
hypodontia has not yet become fully integrated in 
the management of these individuals, it is likely 
that – with further screening – other genes and 
mutations will be identifi ed as responsible for the 
spontaneous and familial expression of nonsyn-
dromic selective tooth agenesis.  

    Clinical Diagnosis and Genetic 
Evaluations 

 The phenotypic expression of nonsyndromic 
tooth agenesis is varied and latent. A clinical 
evaluation of the primary dentition may reveal 
subtle or no clues to the developmental changes 

   Table 4.2    Gene mutations associated with nonsyn-
dromic selective tooth agenesis   

 Gene  Phenotype  Inheritance 

 MSX1  Hypodontia  Autosomal 
dominant 

 Oligodontia  Autosomal 
recessive 

 PAX9  Molar hypodontia  Autosomal 
dominant 

 Oligodontia 
 AXIN2  Incisor agenesis  Autosomal 

dominant 
 EDA  Hypodontia  X-linked recessive 
 LTBP3  Oligodontia  Autosomal 

recessive 
 WNT10A  Oligodontia  Autosomal 

dominant 

  Genes associated with nonsyndromic tooth agenesis can 
also be associated with syndromes, making it critical to thor-
oughly evaluate each case and derive a correct diagnosis  
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in the permanent dentition. An early clue may be 
retention of primary teeth and alterations in lat-
eral incisor morphology. Nonsyndromic tooth 
agenesis may be inherited, and a dental history 
should include inquiry regarding family member 
dental status. When developmentally missing 
teeth are suspected then radiographic evaluation 
of the mixed dentition will ultimately reveal the 
absence of the affected teeth. 

 Once the developmental absence of perma-
nent teeth is revealed, early collaboration among 
dental specialists is essential to develop short- 
term and long-term treatment objectives and 
goals. As the severity of tooth agenesis increases, 
attendant alterations in alveolar bone volume 
ultimately infl uencing maxillary and mandibular 
dimension can occur. A proper diagnosis must 
account for more global, skeletal changes 
 associated with oligodontias. 

 Proper management of nonsyndromic tooth 
agenesis focuses on preserving teeth and the 
replacement of missing teeth for aesthetic, func-
tional, and social reasons. The prevention of car-
ies and periodontal diseases is paramount. Thus, 
a proper diagnosis must include a caries risk 
assessment and the subsequent management of 
this risk. The preservation of teeth and their pos-
sible orthodontic movement and strategic utiliza-
tion are vitally important in the management of 
nonsyndromic tooth agenesis.  

    Interdisciplinary Treatment Plans 

 Management of individuals with nonsyndromic 
selective tooth agenesis refl ects its impact on the 
dentition and the specifi c clinical phenotype. 
Because the deciduous teeth are less commonly 
affected by nonsyndromic tooth agenesis, con-
cern and related management typically begins 
with the mixed dentition. In most cases, size dis-
crepancies between retained deciduous teeth and 
the positionally related permanent teeth are sig-
nifi cant. To avoid restorative complications and 
aesthetic limitations, coordination between pedi-
atric, orthodontic, and prosthodontic specialists 
should be initiated early in the process of man-
agement. This will allow management of the 

patient’s aesthetic and functional concerns while 
planning for the defi nitive future treatment plan. 
Depending on the extent of tooth agenesis, there 
may be more general concerns. The management 
of one or two single missing teeth requires con-
sideration of local factors related to the retention 
of the primary tooth, primary tooth removal, and 
space maintenance, as well as general concerns 
related to caries prevention and orthodontic tooth 
movement. When the expressed mutation results 
in a growing number of missing teeth, additional 
concerns regarding possible malocclusion, alveo-
lar bone growth, and related craniofacial growth 
and development (in the absence of any syn-
drome) become important. 

 Recommended is an early evaluation of the 
patient and consultation by the pediatric, orth-
odontic, and prosthodontic specialist. In the 
mixed dentition phase, the prosthodontist 
should offer a possible therapeutic goal(s) for 
missing tooth replacement. Depending on 
patient and parent concerns, fi nances, and oral 
and systemic health factors, the solutions 
offered can involve orthodontic solutions, sim-
ple removable prostheses, tooth-supported 
fi xed prosthodontic solutions, and, more com-
monly today, dental implant-supported fi xed 
prosthodontic solutions. 

 The primary prosthodontic concerns are to (1) 
preserve all teeth and maintain ideal periodontal 
health during the transition period from a mixed 
dentition to a permanent dentition, (2) maintain 
ideal dental midline and occlusal plane orienta-
tions throughout treatment, and (3) maximize 
(not reduce) alveolar dimensions to create more 
ideal tooth positions and facial aesthetics for the 
fi nal prosthetic plan in adulthood. To achieve 
these goals, the pediatric dentist must optimize 
caries control, especially during orthodontic 
intervention. The orthodontist must provide real-
istic estimations of the extent to which teeth may 
be moved to maintain natural tooth dimensions 
of edentulous spaces and, in cases of oligodon-
tias, how the reductions in alveolar dimension 
(both vertically and horizontally) may be infl u-
enced by orthodontics to reach or approximate an 
acceptable lower third facial height and to assist 
in providing acceptable maxillomandibular rela-
tionships. At this early period of intervention, 
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the prosthodontist should help to guide treatment 
toward a clearly elucidated and invariant fi nal 
therapeutic goal and provide interim  solutions for 
aesthetic and phonetic (anterior) tooth replace-
ment in the mixed dentition. An example of this 
early interaction, its outcome in the permanent 
dentition, and the eventual restoration is illus-
trated in Fig.  4.2 .  

  Interim Treatment Options 
 Throughout treatment, the missing teeth and 
spacing created for defi nitive restorations will 
require management. It is likely that during orth-
odontic intervention, prosthetic teeth will be 
retained on orthodontic wires and on removable 
orthodontic appliances. However, in a retention 
phase of treatment, when the patient is too young 

a b

c d

e

  Fig. 4.2    ( a ) Facial intraoral photograph of a 14-year-old 
female patient with nonsyndromic tooth agenesis repre-
sented in Fig.  4.1c . Note the initial attempt to close all spaces 
of maxillary anterior teeth. ( b ) Intraoral photograph of maxil-
lary anterior tooth following preparation for ceramic veneers 
at 18 years of age. The tooth spacing was refi ned by ortho-
dontics prior to tooth preparation. ( c ) Intraoral  photograph of 

mandibular anterior teeth following orthodontic movement 
to permit placement of all-ceramic bonded restorations 
replacing the lateral incisors. ( d ) Intraoral facial photograph 
of the maxillary anterior teeth following restoration using 
ceramic veneers. ( e ) Intraoral facial photograph of the man-
dibular anterior teeth following restoration using bonded all-
ceramic fi xed dental prostheses       
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for conventional fi xed prosthodontic treatment 
(due to relatively large pulp chambers precluding 
tooth preparation or to facial growth concerns), 
dental implant therapy concerns related to both 
alveolar and facial growth concerns, as well as 
practical or fi nancial reasons, removable partial 
prostheses or bonded pontics [ 12 ] may be pro-
vided (Fig.  4.3 ).    

    Lifelong Care and Dental Implant 
Therapy for Oligodontias 
and Hypodontias 

 The expression of genes with mutations leading 
to nonsyndromic tooth agenesis may infl uence a 
single tooth. Most commonly, this is observed in 
adulthood as the single missing lateral incisor (or 

a b

c d

e

  Fig. 4.3    Presentation of a 15-year-old female patient 
with lateral incisor agenesis. Note the residual alveolar 
ridge resorption is severe, and implant therapy will require 
bone augmentation at a later date. ( a ) Bonded pontic strat-
egy for long-term provisionalization was selected. ( b ) 
Etching of the adjacent proximal enamel surfaces, ( c ) 
hydrofl uoric acid etching of the interproximal surfaces of 

the ceramic (e max) pontic, ( d ) lingual view of the bonded 
pontic (note the absence of extensive lingual wings of this 
provisional design), and ( e ) intraoral facial photograph of 
the bonded pontics replacing maxillary right and left lat-
eral incisors. The intent of this treatment is to provide a 
fi xed solution for provisionalization for 3–5 years       
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premolar). Orthodontists most commonly man-
age these unilateral situations symmetrically with 
the result being a single missing lateral incisor or 
premolar. On occasion, premolar extractions pro-
vide resolution without need for prosthetic 
intervention. 

 A single tooth may be replaced using remov-
able prostheses, conventional fi xed dental pros-
theses, resin-bonded prostheses, or dental 
implants. Most recently, both clinical data regard-
ing success of prostheses [ 28 ] and cost utility 
data [ 20 ] comparing implants and teeth indicate 
that there may be some benefi t to the lifetime uti-
lization of a carefully placed and restored dental 
implant. Patients who receive dental implants for 
single-tooth replacement display notable 
increases in oral health-related quality of life 
[ 29 ], and this is true for tooth agenesis patients 
[ 6 ]. While Implants should be reserved for indi-
viduals who have completed facial growth (typi-
cally beyond teenage years and approaching 
early 20s), a long-term potential complication of 
dental implant placement is relative implant tooth 
intrusion over time [ 2 ]. It must be acknowledged 
that this problem is not restricted to young 
patients [ 4 ], but it is a concern, and any treatment 
option must be  provided with complete informed 

consent to the consenting parent and/or patient to 
educate the patient and parent or guardian fully 
about the risks and benefi ts of the alternative 
treatments (Table  4.3 ).

   Among the advantages of single-implant res-
torations to replace a single missing tooth are (1) 
preservation of adjacent tooth structure and 
reduced risk of adjacent tooth failure, (2) mainte-
nance of alveolar bone following implant restora-
tion and function, and (3) opportunity for ideal 
aesthetics and function when all procedures are 
performed well. Some of the key disadvantages 
in selection of the single-implant restoration are 
(1) perceived high initial cost and (2) risk of early 
implant failure (addressed by replacement), risk 
of late failure due to periimplantitis, and relative 
implant crown intrusion. Taken together, when 
fi nancial matters are manageable, the dental 
implant solution provided by experienced clini-
cal specialists offers many more advantages than 
disadvantages to the young adult seeking a life-
time of service in replacement of the missing 
tooth (Fig.  4.4 ).  

 Hypodontias involving several missing teeth 
frequently include bilaterally absent maxillary 
lateral incisors. Other teeth are less frequently 
bilaterally absent (e.g., Fig.  4.4 ). While canine 

   Table 4.3    Tooth replacement for nonsyndromic selective tooth agenesis   

 Method  Advantages  Disadvantages 

 Removable partial denture  Reversible  Removable (unstable, loss) 
 Simple repair  Relative lower aesthetics 
 Lower cost  Associated candidiasis 

 No or little tooth preparation  Risk of fracture 
 Bonded pontic  Reversible, yet fi xed  Technique sensitive 

 Lower cost  Impedes interproximal hygiene 
 Little tooth preparation  Untimely debonding 
 Higher aesthetic potential 

 Conventional FDP  Fixed  Risk of pulpal necrosis 
 Higher aesthetic potential  Risk of recurrent caries 
 Durability  Technique sensitive 

 Cost 
 Dental implant  Fixed  Risk of relative tooth extrusion 

 Higher aesthetic potential  Risk of periimplantitis 
 Durability  Component complications 
 No tooth preparation  May involve multiple surgical interventions 

 Cost 

  Note that all of these alternatives may involve preprosthetic orthodontic and/or periodontal interventions  
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substitution that typically involves orthodontic 
position and reshaping canines to resemble the 
lateral incisor is regarded as one alternative treat-
ment, resin-bonded prostheses or dental implants 
represent aesthetic alternatives. The key advan-
tages to the canine substitution approach are the 
reduction or absence of economic, practical, and 
biologic costs and risk associated with prosthetic 
and implant interventions [ 13 ]. The diffi culties 
encountered using this approach are aesthetic and 
include (a) tooth size discrepancies (large canines 
vs. smaller lateral incisors), (b) tooth color dis-
crepancies (darker canine shade, high chroma), 
(c) aberrant gingival morphology, and, in a related 
manner, (d) relatively “short” premolar teeth in 
the canine positions. Constriction of the maxil-
lary arch could, especially in cases of  maxillary 
insuffi ciency, contribute further to reduced lower 

face dimension. Unilateral canine substitutions 
are further exacerbated in efforts to achieve sym-
metry that drives aesthetic excellence. 

 Hypodontias involving two or more teeth do 
occasionally involve adjacent teeth. These condi-
tions create unique problems for eventual restora-
tion by the prosthodontist. For the case of 
conventional prostheses using teeth as abutments, 
a longer-span fi xed dental prosthesis is required 
and may involve additional abutment teeth. When 
the complexity (number of teeth) of a fi xed dental 
prosthesis is increased, the complication rate 
increases and the prosthesis longevity is reduced. 

 Alternatively, when selecting dental implants to 
replace two adjacent teeth, there are aesthetic limi-
tations related to the interproximal tissue dimen-
sions between two implants. It is presently not 
possible to fully reconstruct the interproximal 

a b

c d e

  Fig. 4.4    ( a ) Agenesis involves many teeth often with 
asymmetrical presentation (maxillary right premolar and 
mandible). ( b ) Pretreatment panoramic radiograph reveal-
ing the result of multispecialty treatment involving caries 
prevention and orthodontics coordinated with the prosthetic 

plant to replace missing incisors using dental implants. ( c ) 
The resulting maxillary tooth replacement using all-ceramic 
crowns and single-tooth implants for each missing lateral 
incisor tooth. ( d ,  e ) Posttreatment radiographs of the right 
and left maxillary incisor implants, abutments, and crowns       
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 tissues between two dental implants. While one 
solution is to utilize a single implant, there exists 
little data to provide guidance here when consider-
ing the promise of lifelong function for a young 
patient. For example, it is known that a cantilever 
prosthesis for dental implants is associated with 
lower implant survival and higher prosthetic com-
plications [ 18 ]. With careful application of suffi -
ciently large implant components and smaller 
cantilevers oriented in a mesial position relative to 
the implant abutment, it may be possible to offer 
simple, single-implant solutions for two adjacent 
missing teeth. Properly informing the patient 
regarding the additional incremental risks of com-
plications and carefully training the patient to per-
form oral hygiene around the implant and beneath 
the pontic are essential aspects of managing these 
patients (Fig.  4.5 ).  

 A third approach to solving this problem in a 
proactive manner is to coordinate treatment with 
the orthodontist to “split” the adjacent missing 
tooth spaces by orthodontic movement of the 
next adjacent tooth into this space. It is acknowl-
edged that this approach will create two bound 
edentulous spaces into which two dental implants 
must be placed and there are attendant additional 
costs. However, in some circumstances, this 
approach may offer more ideal management of a 
diffi cult aesthetic or functional scenario. 

 Nonsyndromic hypodontias are represented by 
a wide array of missing tooth positions and combi-
nations that are often bilateral but not uncom-
monly unilaterally distributed (Figs.  4.1a  and 
 4.4b ). When multiple teeth are absent, the primary 
goal of the dental specialist team is to preserve as 
many teeth as possible. Not unrecognized is that 

a b

c d

  Fig. 4.5    Complete bicuspid agenesis was addressed 
orthodontically by maintenance of spacing for fi rst and 
second bicuspids. Here the resulting treatment involved 
the use of only one implant per quadrant and the restoration 

using mesial cantilever fi xed dental prostheses. Implants 
replacing teeth maxillary right ( a ), maxillary left ( b ), 
mandibular right ( c ), and mandibular left ( d ) are shown in 
the postoperative radiographs       
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the permanent teeth may be morphologically 
unique and frequently smaller. These smaller teeth 
should be preserved for as long as possible and not 
removed in favor of dental implants. There exists 
no evidence that any alloplastic tooth replacement 
including dental implants offers greater service or 
longevity than a healthy and unrestored or conser-
vatively restored natural tooth. 

 With hypodontias come the frequent observa-
tions of retained deciduous teeth. These  deciduous 
teeth should be strategically retained and in con-
cert with prudent orthodontic therapy (Fig.  4.6 ). 
A deciduous tooth with root resorption that is not 
mobile serves the purpose of maintaining the 
alveolar bone that is volumetrically important to 
providing ideal dental implant aesthetics without 

a b

c d

e

  Fig. 4.6    Treatment of extensive nonsyndromic tooth 
agenesis. ( a ) Preprosthetic treatment occlusal photograph 
reveals extensive management of existing teeth using 
composite materials and a resin-bonded prosthesis. ( b ) 
Interproximal and occlusal contacts have been managed 
over time using composite restorations of the mandibular 
retained deciduous teeth. ( c ) Preprosthetic treatment pan-
oramic radiograph reveals the retention of ten deciduous 
teeth and their restoration in management of adolescent 

needs for aesthetics. At this time the patient was over 
20 years old and prepared to undergo comprehensive 
prosthodontic therapy. ( d ) Post-prosthetic treatment pan-
oramic radiograph demonstrates the replacement of 
deciduous teeth and missing permanent teeth using dental 
implants. Note mesial cantilevers are used in replacement 
of the lateral incisor teeth. ( e ) Intraoral facial photograph 
of the patient in protrusive position at 1-year recall 
appointment       
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bone augmentation. The possible ankylosis of a 
deciduous tooth should be addressed carefully. A 
high percentage of primary teeth that do not have 
a permanent successor will ankylose. The value 
of an ankylosed tooth is again related to main-
taining alveolar bone mass. The risk of maintain-
ing an ankylosed tooth is that advancing growth 
of both the  maxillary and mandibular alveolar 
ridges proceeds beyond the position of the anky-
losed tooth, submerging these teeth relative to 
their adjacent teeth. The management of these 
teeth must focus on preserving (or creating) the 
ideal interproximal dimension for the subsequent 
implant replacement. This might involve minor 
enameloplasty or disking of deciduous molars 
proximal surface so that it is approximately the 
ideal size for the space that will be fi lled by the 
implant and prosthetic crown. Primary second 
molars are on average 1–2 mm larger in their 
mesial-distal dimension compared with the per-
manent second premolar that replaces them. 
Continued restoration to maintain the occlusal (a 
common problem with ankylosed primary teeth) 
and/or the mesial and distal contacts with the 
adjacent teeth can also be necessary to create the 
optimal future implant space and site. Continued 
communication and collaboration of the pediat-
ric, orthodontic, and prosthodontic specialist can 
successfully manage the hypodontia patient with 
retained deciduous teeth. Additionally, as treat-
ment progresses toward defi nitive restoration, the 
likelihood of bone augmentation and implant 
placement will require the presentation of the 
patient to the periodontal or oral surgical special-
ist. The proper interdisciplinary treatment and 
consideration of retained deciduous teeth is an 
important part of managing the patient with oli-
godontia (Fig.  4.6 ).   

    Conclusions 

 Nonsyndromic selective tooth agenesis is suf-
fi ciently prevalent that the majority of dentists 
will recognize this condition among their 
patients. In many cases, a single missing tooth 
represents little challenge in its management 
as the phenotype is not complex and is analo-
gous to any tooth lost to caries or trauma. 
However, as the severity increases to include 

multiple teeth, the patient may express greater 
concern, and more intensive management is 
required. Here, collaboration involving a 
prosthodontist with responsibility for defi ni-
tive restoration as the patient enters adulthood 
should be sought during the mixed dentition 
stage. When oligodontias are encountered, the 
increased number of missing teeth causes 
greater infl uence on alveolar bone resorption 
and broader infl uences on the ultimate treat-
ment plan. It is of paramount importance to 
identify possible defi nitive treatment plans 
before initiating or completing orthodontic 
tooth movement. In oligodontias with increas-
ing numbers of missing teeth, an additional 
goal of therapy is to maintain retained decidu-
ous teeth to aid in alveolar ridge preservation 
for eventual implants. In these more complex 
cases, it is especially important to envision the 
possible defi nitive treatment plans and to con-
sult with both the prosthodontic and surgical 
specialists during active orthodontic and ado-
lescent preventive dental therapy. Dental 
implants are a standard part of treatment in 
managing such patients. Remarkable aesthetic 
and functional rehabilitation of the nonsyn-
dromic selective tooth agenesis patient can be 
achieved when mutual goals of the patient and 
treatment team are agreed upon and met.     
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       Introduction 

 A variety of hereditary conditions are associated 
with teeth that are missing due to develop-
mental failure (e.g., Down syndrome, ectodermal 

dysplasias). Clinicians should consider the possi-
ble existence of a syndrome if an individual is con-
genitally missing teeth, and as the number of miss-
ing teeth increases, the likelihood that the condition 
is syndrome associated increases. If an undiag-
nosed syndrome is suspected, then referral to an 
appropriate health-care provider (e.g., physician, 
medical geneticist) for evaluation should be dis-
cussed with the patient or parent. The ectodermal 
dysplasias (EDs) are a diverse set of syndromic 
conditions derived from mutations affecting a 
variety of important developmental pathways 
including communication between the overlay-
ing ectoderm and the underlying mesoderm in 
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    Abstract  

  The lack of tooth formation or dental dysmorphic morphology is one of the 
phenotypes of various forms of the ectodermal dysplasias (ED). Teeth that do 
form are often altered in shape and contour and occasionally manifest with 
delayed eruption. The oral health-care team needs to work with affected indi-
viduals starting around the fi rst year of life with age-appropriate and staged 
oral health interventions through adulthood. For most patients with ED, defi n-
itive rehabilitation (with or without implant treatment) should be delayed until 
skeletal maturity. Having said this, starting around age 2–3, pediatric remov-
able prosthesis is appropriate with pediatric dentist-guided care through adult-
hood. As a part of the fi nal reconstruction as a young adult, the team needs to 
plan for maintenance issues and complications and use a defi ned set of diag-
nostic risk factors in the assessment of the affected individual. Through careful 
assessment, planning, good team communication, and partnership with the 
affected individual and her/his family, a successful long-term solution can be 
developed that provides the best in patient-oriented outcomes.  
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embryonic development. Conventionally   , a clini-
cal defi nition of the phenotype has been for indi-
viduals in which two or more ectodermally derived 
structures (e.g., hair, teeth, nails, sweat glands, 
feathers, etc.) are affected. The structures either do 
not form (aplasia) or have altered phenotypes 
(dysplasias) such as conical-shaped or microdon-
tic teeth [ 1 ]. Originally described in its current 
classifi cation by Freire-Maia and Pinheiro, the 
most common form of ED syndromes is referred 
to as X-linked hypohidrotic ectodermal dysplasia 
or HED (but note that there are more than 200 
types of ED with widely different phenotypes) [ 2 ]. 
The X-linked HED phenotype is often defi ned by 
a combination of features including hypodontia 
(missing <5 teeth), oligodontia (missing six or 
more teeth), and, rarely, anodontia (missing all 
teeth); conical- shaped teeth; altered hair growth, 
distribution, and amount (trichodysplasia); 
reduced sweating (dyshidrosis) in some forms; 
altered mucosal sebaceous function (asteatosis) 
leading to dry mucosal surfaces and signifi cant 
mucosal crusting; and altered keratin nail forma-
tion in some types (onychodysplasia) (Fig.  5.1 ).  

 In regard to the dental malformations, the 
largest physiological issues are loss of function, 
lack of alveolar ridge development, arch length 
tooth size discrepancies, and hyposalivation. The 
latter can place the patient at a high risk of dental 
decay. The North American National Foundation 
for Ectodermal Dysplasias (  www.NFED.org    ) has 
led an effort to create a consensus on timing, den-
tal therapy, and realistic approaches to oral reha-
bilitation in children and young adults affected 
with the EDs. These guidelines outline tooth 
replacement therapy that is both fi xed to teeth 
and removable with or without oral implant 
options. Implant therapy is primarily for the skel-
etally mature adult [ 3 – 8 ]. A leading principle of 
these guidelines is to provide age-appropriate 
therapies that holistically respect the integrity of 
the patient and cultural competency and provide 
staged therapies allowing the patient to adapt to 
each approach as they are undergoing what 
growth potential they have [ 9 – 11 ]. Note also, in 
this discussion, that it is often better to use the 
medical term “care plan” rather than “treatment 
plan” since the latter suggests something is 

needed (when it may not) and indicates the long- 
term interests of the patient and their holistic per-
ceived outcomes of care are more important 
(patient-centric care) than any clinical perception 
of care or the superiority thereof [ 10 – 16 ]. 

 In the young child (age 0–6), a care plan 
involving removable prosthesis can usually be 
considered around the age of 3 (shortly after 
being potty trained, a relative perception of body 
awareness). Any young child should see a dentist 
by the age of 1 (American Academy of Pediatric 
Dentistry recommendations), and if multiple 
teeth are missing, a potential diagnosis of one 
of the ectodermal dysplasias should be contem-
plated (Fig.  5.2 ). A pediatric dentist is often the 
lead consultant although it may be useful to con-
sult with a prosthodontist who is comfortable 
managing the affected individual as an adult. In 
this way, the affected individual builds a bond of 

  Fig. 5.1    Affected female patient with X-linked hypohi-
drotic ectodermal dysplasia (HED) demonstrating many 
of the phenotypic features of HED including alopecia, dry 
skin, thin nose, prominent chin point, periorbital pigmen-
tation, etc. Carrier females with X-linked HED often dem-
onstrate a range of phenotypic expression depending on 
when X-inactivation occurs during development       
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trust with the entire care team and there is a better 
transition of care as they reach adulthood. At the 
initial appointment, an exam of the number and 
shape of the current erupted teeth should be made 
along with palpation of tooth buds. The integrity 
of the palate and the degree of salivation should 
be noted. Generally a removable or pediatric fi xed 
prosthesis can be considered (Fig.  5.3 ) [ 6 ]. This 
is usually performed by a pediatric dentist and/or 
coordinated with a prosthodontist. The dentures 
and denture teeth need to be age appropriate in 
shape, size, and dimensions [ 17 ,  18 ]. If a partial 
or overdenture approach is used, the parents/
caregiver has to be sure to clean the retainer teeth 
thoroughly on a daily basis and to consider the 
use of aggressive preventive therapies (e.g., 5 % 

NaF varnish). If decalcifi cation occurs on the pri-
mary teeth, composite resin, zirconium, stainless 
steel, or related crowns may be indicated. Note 
that with HED, the incisors and canines often 
erupt with very sharp fang-like shapes (Fig.  5.2 ). 
In this case, the most conservative approach is to 
bond composite and dome these either as over-
denture abutments or fashion the crown shape 
into an age-appropriate dimension.   

 In the young child, the prosthetic steps are 
often simplifi ed relative to the adult complete or 
partial denture approaches due to timing, need 
for replacement, resources, and patient tolerance. 
In a young patient presenting with multiple miss-
ing primary and permanent teeth, making a fi nal 
impression, often with a well-fi tting stock tray 
and a fast setting impression material (e.g., occlu-
sal registration material), may be suffi cient. It is 
also useful to have a pediatric dentist as the lead 
of the care team and a prosthodontist in a sup-
porting role. A jaw relationship appointment and 
delivery appointment typically work with a mea-
surement of the length of the lip in the premaxilla 
region (vestibule to vermillion border). Pediatric 
denture teeth (e.g.,  milk teeth , Nissin Dental 
Products, Japan, distributed in North America 
through Kilgore International,   www.kilgoreinter-
national.com    ) are positioned on the trial base and 
an anterior setup evaluated chairside. Often, in a 
young child, the upper prosthesis can be made 
fi rst, allowing a period of accommodation, fol-
lowed by the lower prosthesis 6–12 months later. 
It is important to relieve the denture in areas 
where teeth are erupting, often creating holes in 
the denture to allow maximum tooth eruption. 
Recall that it is the eruption of the teeth that cre-
ates alveolar bone and is responsible for the 
development of approximately two thirds of the 
vertical height of the mid and lower face [ 19 ]. 
The parents/caregiver needs to plan on reline 
and/or remakes about every 2–3 years while the 
child is growing. 

 When the child has reached school age 
(7–12 years), it is important to transition the den-
tition from the primary to permanent state, allow-
ing for eruption of what permanent teeth will 
form. Typically, patients will develop certain per-
manent teeth more often than others (e.g., central 

  Fig. 5.2    Common presenting oral condition in the 
X-linked HED including multiple missing teeth (oligo-
dontia); sharp, pointed incisal development of the central 
incisors; and thin or aplastic ridge development       

  Fig. 5.3    Denture fabrication in the young child is limited 
to complete or simple acrylic partial dentures with space 
provided to allow continued eruption of the teeth       
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incisors, canines, and fi rst molars). It is important 
to provide replacement teeth in this population to 
allow for phonetics, mastication, and social/peer 
awareness [ 17 ,  20 ,  21 ]. Typically a more remov-
able approach is used in this population to allow 
for ongoing growth. This is also a time for orth-
odontic evaluation, especially as permanent teeth 
erupt and may need to be guided to proper posi-
tion (Fig.  5.4 ). Retained primary teeth should be 
retained to preserve what alveolar bone has 
formed. Evaluation for ankylosed primary teeth 
needs to occur (especially in bounded spaces 
with permanent teeth on either side). In patients 
congenitally missing all of their mandibular 
teeth, consideration may be made for one or two 
oral implants in the anterior mandible [ 3 ]. This 
should be elected with caution with careful dis-
cussion as to why the patient (and not the care-
giver) cannot adapt to the lower complete denture. 
The use of mini-implants (<2 mm diameter) is 
not commonly considered in this population.  

 In adolescents to young adults (13 years to 
maturity), this is an age range when orthodontic 
therapy should be considered. Comprehensive 
care in this population should be a team approach 
between pediatric dentistry, prosthodontics, and 
orthodontic colleagues. Orthodontic care may be 
conventional full-banded appliances or assisted 
with temporary anchoring devices (TADs or “tem-
porary implants”) used to support the orthodontic 
care (Fig.  5.5 ). These are removed during or at the 
completion of the orthodontic phase of care. In 
cases of hypodontia (e.g., missing maxillary lat-

eral incisors), esthetic tooth replacement can be 
performed either with a removable partial denture, 
an orthodontic retainer, or a unilateral bonded pon-
tic (Fig.  5.6a–d ). In the latter approach, the bonded 
pontic is typically made with a zirconia core that is 
either tribochemical silica-based silinated (e.g., 
Rocatec Bonding System, 3M ESPE, St. Paul, 
MN) or the TZP ZrO substructure is pressed with 
a hydrofl uoric acid- etchable glass ceramic (e.g., 
e.max Press, Ivoclar Vivadent, Amherst, NY) and 
bonded to the mesial aspect of the canine with a 
veneer-based cement system (e.g., RelyX Veneer, 
3M ESPE) [ 22 ]. An important goal for the transi-
tional period is a stable, esthetic, and functional 
dentition without overtreatment or loss of retained 
primary teeth that are developing or maintaining 
alveolar bone. It is most important that the maxi-
mal potential of craniofacial growth be accom-
plished during this period.   

 If denture retention is insuffi cient, from the 
patient’s perceptive, oral implant therapy can be 
considered in the edentulous anterior mandible 
during this period. Although, it is best to plan for 
a defi nitive fi nal prosthetic design in selecting the 
implant sites [ 18 ]. It is also preferable to avoid 
extensive bone grafting for site development in 
this age period. 

 Oral rehabilitation in the skeletally mature adult 
needs to be based on a comprehensive evaluation 
of systemic health and oral health risk factors with 
a strong weighting on patient-oriented outcomes, 
desires, and values. In this population, a multidisci-
plinary team is critical with  additional  orthodontic 

  Fig. 5.5    In patients missing multiple teeth, temporary 
anchoring devices (TADs) which are really temporary 
non-integrating implants are often used during orthodon-
tic therapy       

  Fig. 5.4    Patient with Witkop’s syndrome (tooth and nail 
syndrome) during orthodontic treatment showing reposition 
of teeth into a proper position for long-term rehabilitation       
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and oral surgical phases of care (e.g., Le Fort 
midface orthognathic procedures). The prosthetic 
outcomes need to be carefully planned by the prosth-
odontist and strategic decisions made as to retention 
of primary (or sometimes permanent) teeth, use of 
root canal therapy (RCT) and RPD overdentures for 
multiple missing contiguous teeth, and/or need for 
extensive bone grafting for a multiple oral implant 
rehabilitation (Fig.  5.7a–d ). In any event, the patient 
needs to understand that any prosthodontic interven-
tion will have signifi cant maintenance issues and 
will probably need to be replaced multiple times in 
the patient’s lifetime [ 12 ]. The conical or malformed 
shape of the permanent teeth can be corrected with 
direct composite bonding or conservative bonded 
ceramic veneers (partial coverage onlays) based 
on light surface preparation of the teeth and care-
ful  orthodontic  planning/spacing to allow optional 
positioning of the permanent conical-shaped crown 

in the middle of the planned ceramic veneers (e.g., 
e.max Press, Ivoclar Vivadent, Amherst, NY) 
(Fig.  5.8a–f ). Oral implant therapy can be very 
helpful in this population given a proper diagnos-
tic work-up and careful planning is performed. 
A systematic assessment of risk factors is essen-
tial (Table  5.1 ). Note in Table  5.1  the importance 
of mucosal tissue thickness and width and the 
need to use connective tissue grafting (alloplastic 
or autoplastic) to augment the mucosal tissues in 
the planned implant sites. In a retrospective survey 
of 98 patients affected with ED, treated with oral 
implants at the National Institutes of Health (NIH) 
in the 1980s, it was observed that a relatively high 
rate of implant maintenance complications occurred 
over time [ 17 ]. With 56 male and 46 female subjects 
having 73 % of the implants in the lower jaw, it was 
noted that 52 % of the implants had complications 
such as infections, lost implants, loose dentures, 

a b

c d

  Fig. 5.6    ( a ) A 14-year-old female during post- orthodontic 
retention phase of care with hypodontia (missing lateral 
incisors). ( b ) Missing lateral incisors are replaced with zir-
conia substructure and pressed lithium disilicate pontics 
adhesively bonded to the mesial aspect of the canines. 
Note the wrapping support created in the retainer design. 

( c ) The retainer teeth are etched and prepared using a con-
ventional veneer bonding system. ( d ) The patient at a 
3-year recall with the lateral incisors restored with cantile-
ver pontics bonded to the mesial aspect of the canines 
allowing ongoing growth of the premaxilla, natural indi-
vidual tooth eruption, and anterior occlusal stability       
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remakes/relines, and combinations of these com-
plications. It is interesting to note that most of the 
subjects were happy with the outcomes regardless 
of the complications. In a study by Bergendal et al. 
[ 23 ], the authors reported on a retrospective study of 
Nordic regional treatment centers on ED-affected 
children treated with oral implants between 1985 
and 2005 [ 23 ]. Twenty- one children, treated with 33 
implants due to agenesis or trauma, with a subgroup 
of ED-affected children (5 treated with 14 implants) 
at 5–12 years of age were reported. The authors 
reported that 9 of the 14 implants were lost prior to 
loading in the ED cohort, warranting caution with 
the approach and implant system being used at that 
time [ 23 ]. In the Netherlands, a  retrospective study 
following 129 subjects in the Dutch health-care 

system having tooth agenesis (mostly hypodontia) 
noted over an observation period of 3–79 months 
(mean of 46 months in function) that 36 % of sub-
jects had severe orthodontic root resorption, 12 % 
had signifi cant bone loss (>5 mm), and 57 % had 
mucosal discoloration around the implant abut-
ments [ 24 ]. In our Craniofacial Clinical Research 
Center at the University of Iowa, we have longitu-
dinally followed 46 subjects with HED or Witkop’s 
syndrome (tooth and nail ectodermal dysplasias). In 
this population with at least 3–28 years of follow-
 up, we have 32 subjects treated with corticocancel-
lous hip grafts restored with 231 oral implants (3 
different systems, 4 turned surface, 227 moderately 
rough acid-etched or TiO-blasted surfaces) with 
fi xed or removable options. 80 % were treated with 

a b

c d

  Fig. 5.7    ( a ) A 20-year-old male with HED presents with 
multiple missing teeth, supraerupted central incisor, ridge 
aplasia, and retained primary molars restored with stain-
less steel crowns. Care    plan included root canal therapy on 
the central and conversation to an overdenture abutment 
under an RPD. ( b ) Patient following RCT and central inci-
sor converted to an overdenture abutment. ( c ) Conventional 

upper and lower cast partial dentures. The use of RPD is a 
less expensive approach and rapidly restores the multiple 
missing teeth for this patient. ( d ) The patient was restored 
with the upper RPD overdenture and lower RPD.    Excellent 
oral hygiene is very important with this approach due to 
the high caries risk in the HED population along with the 
plaque retention that occurs with these types of prosthesis       
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a b

c d
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  Fig. 5.8    ( a ) A 20-year-old male with Witkop’s syndrome 
presents with retained primary teeth, ankylosed primary 
teeth, and class III malocclusion with a dental compensa-
tion necessitating an orthodontic and orthognathic mid-
face Le Fort I procedure to correct midface asymmetry. 
( b ) Patient’s occlusion and oligodontia demonstrating 
both the supraeruption of the lower canine, the distal incli-
nation of the lower incisors, and ankylosed primary teeth 
(being used for orthodontic anchorage in the maxilla). ( c ) 
Anterior view of patient’s occlusion. Orthodontic posi-
tioning of the teeth has set up for ceramic veneers on the 
remaining permanent teeth. Patient had a Le Fort I mid-
face advancement followed by implant placement. ( d ) 
Teeth were prepared for the veneers using a conventional 

three-step adhesive bonding systems. ( e ) Anterior view 
following restoration (BL3 shade, e.max lithium disili-
cate, Ivoclar Vivadent, Amherst, NY). ( f ) Occlusal view 
demonstrating veneers on the canines and central incisors 
(1 mm fl at reduction, light facial and cervical prepara-
tion). Maxillary right microdontic fi rst premolar was 
restored with a ceramic onlay to restore normal contours. 
Maxillary left premolars restored with one implant and a 
molar-sized crown shaped as two premolars when viewed 
from the buccal corridor. Maxillary lateral incisors were 
restored with implants (3.5 mm ASTRA TECH-TX 
Implant System, DENTSPLY Implants, Waltham, MA) 
using CAD/CAM abutment and individual crowns (Gold 
Hue, Atlantis DENTSPLY Implants, Waltham, MA)       

a conventional two-stage healing approach. In this 
cohort, we have one lost implant at 6 weeks fol-
lowing placement (implant with moderately rough 
surface, anterior mandible in dense type I bone). 
   We have noticed that 78 % of the hip grafted sites 

over time develop the same mucosal discoloration 
reported by the Dutch group, emphasizing that 
autogenous grafting is useful but not stable and 
long term and that mucosal thickness augmenta-
tion procedures (e.g., connective tissue grafting, 
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          Table 5.1    Guidelines for the evaluation of implant-related risk factors and elements of informed consent   

 Guideline  Issue  Management 

 1  Three-dimensional mucosal 
biotype? 

 Thin biotypes (<2 mm thick) are 
associated with recession and 
implant bone loss and 
compromised esthetics. 
Evaluate for thin bone all 
around the planned implant site 

 Consider connective tissue 
grafting, and consider the 
thickness of the facial plate of 
the bone. Plan for at least 
1–1.5 mm of bone all around 
the planned implant. If not, 
plan for site preservation or 
development grafting 
procedures. Use CBCT 
approaches to evaluate implant 
sites 

 2  Symmetry of the smile?  Asymmetry between the 
anterior and posterior occlusal 
planes relative to the lips and 
smile upon activation of the 
muscles of mastication 

 Evaluate the posterior occlusal 
plane relative to the 
commissures of the lips; 
evaluate the degree of and 
asymmetry of the buccal 
corridor side to side 

 3  Anterior incisal plane?  Asymmetry in the canine to 
canine tooth size, arch length 
discrepancy? 

 Orthodontic balancing of the 
anterior incisal edges (prefer 
lateral incisors to be offset 
from the central incisor) 

 Danger or ongoing passive 
eruption leading to changes in 
the incisal edges of the anterior 
incisal plane 

 Orthodontic positioning with 
tight lingual coupling of the 
maxillary cingulum with the 
incisal edge of the opposing 
mandibular incisors. If this 
cannot be obtained, consider 
composite resin cingulum 
stops to prevent nonuniform 
passive eruption 

 Mandibular incisor 
supraeruption? Anterior natural 
tooth vertical and horizontal 
overlap (overjet and overbite) 

 May need to consider intrusion 
or extraction of the opposing 
teeth if function is 
compromised in the care plan 
development 

 4  Tooth to tooth proportions?  Balance of tooth proportions in 
the anterior incisal plane 

 Based on central incisor 
proportions (e.g., 70–75 % of 
the width relative to the 
inciso-gingival dimension), if 
lateral is 2/3 mesial-distal 
dimension or less, consider 
cantilever lateral incisor 
pontics 

 5  Tooth to tooth relationships?  Asymmetry in canine, lateral 
and central incisor positions 
creating nonuniform diastemas 

 Orthodontic management to 
allow either reshaping, 
bonding, or ceramic veneers 

 6  Gingival position of 
interproximal contact points? 

 Asymmetry can lead to 
interproximal recession or 
gingival CEJ symmetry issues 

 Evaluate in provisional 
restorations, determine if 
apical position of interproximal 
contact points needs to be 
moved more apical 

 7  Type of defect?  Evaluate the degree of hard and 
mucosal augmentation that will 
be needed and the impact on 
timing of the procedures 

 Consult patient about timing of 
procedures relative to major 
life events, plan for interim 
restorations needed during 
healing and for tissue sculpting 
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use of mucosal thickening agents such as AlloDerm 
(BioHorizons, Birmingham, AL) or PerioDerm 
(Symbios, DENTSPLY Implants, Waltham, 
MA) and dermal matrices) should be considered 
(Fig.  5.9 ).  

    Prosthetic treatment options are diverse for this 
population as they reach skeletal maturity. While 
there is some debate as to when oral implant inter-
vention can take place in hypodontia, it is typically 
considered after the age of 18–20. As described in 
Table  5.1 , key assessments are needed especially 
in post-orthodontic retention, tooth mobility, and 
the stability of the occlusion. As a care plan is 
developed, it is important to engage the affected 
individual as to personal expectations from these 
procedures. As a part of the informed consent pro-
cess, it is important to outline the strengths and 
challenges of each procedure being proposed (in a 
language that the patient and caregivers can under-
stand). Health literacy is an important aspect of 
this process, and it is important to have the care-
giver and patient refl ect on what is being proposed 
and articulate back to the care team the elements 
of the conversation regarding strengths and chal-
lenges that they comprehend [ 25 ,  26 ]. Supportive 
written materials and illustrations are also helpful 
but are not a substitute for careful, health literacy- 
appropriate conversations. Alternatives to the pro-
posed care plan should be discussed (including 
strengths and challenges) as well as reasonable 
expectations of outcomes if no intervention is 
done [ 27 ]. 

 As the care plan is developed, esthetic and 
functional outcomes of implant treatment require 
comprehensive diagnostic and care planning. For 
many of the affected ED patients, an experienced 
craniofacial team is often recommended includ-
ing a pediatric dentist, orthodontist, oral maxil-
lofacial surgeon, periodontist, prosthodontist, 
laboratory technician, as well as team members 
such as radiologists and dental and surgical 
nurses [ 18 ]. In some cases it will also be helpful 
to have a social worker and support from speech 
pathology. The initial assessment of the patient’s 

Table 5.1 (continued)

 Guideline  Issue  Management 

 8  History of recession?  Evaluate other sites in the oral 
cavity for signs of recession 

 Carefully evaluate especially in 
post-orthodontic situation, 
consider augmentation 
procedures 

 9  History of defect?  Degree of bone and mucosal 
defect 

 In sites with congenitally 
missing teeth, consider 
orthodontic augmentation 
approaches and/or staged 
surgical procedures 

 10  Mucosal health?  Mucosal infl ammation, 
especially with interim 
restorations, complicates fi nal 
esthetics 

 Mucosal tissues need to be in 
optimal health; consider 
orthodontic extrusion if 
necessary (esp. in cases of 
external root resorption) 

  Adapted from Stanford [ 18 ]  

  Fig. 5.9    Female patient with Witkop’s syndrome at 
7-year recall exam. Implants were placed in the maxillary 
canine region (#6 and #11) with a ramal autogenous graft 
in the second premolar region (#4 and #13), restored with 
two FPDs using cantilever pontics for the lateral incisors 
following the rules presented in Table  5.1 . Note the gray-
ing of the facial mucosa that was present, a common 
observation at long-term follow-up indicating resorption 
of the graft regardless if an implant is placed or not       
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medical and dental history is to determine the 
implant system and devices that will meet the 
patient’s therapeutic and esthetic requirements. 
The assessment should determine a patient’s 
risks for a surgical intervention especially with 
some of the P63 variants of ED (e.g., Hay-Wells 
syndrome, ectodermal dysplasia, ectrodactyly, 
cleft lip/palate syndrome) in which predictable 
grafting may be a signifi cant challenge [ 28 ]. 
Throughout the surgical and prosthetic phases of 
the reconstruction, the dental practitioner should 
obtain a comprehensive written and verbal 
informed consent for patient treatment. The care 
team may fi nd it useful to have a genetic or clini-
cal phenotype diagnosis made by a clinical 
geneticist (often appointed in the Department of 
Pediatrics in major medical centers). This can aid 
in providing supporting data for care plan preau-
thorizations to insurance carriers.  

    Suggested Steps to Consider 
in the Rehabilitation of the Affected 
Adult Patient 

 To create a predictable care plan, the prosthodon-
tist should design and compose the proposed pros-
thesis during the diagnostic phase. For 

implant-based rehabilitations, planning will dic-
tate the number of implants, size, diameter, and 
their position and angulation [ 29 ,  30 ]. Based on 
this diagnostic information, a surgical guide or 
denture can indicate the desired implant position, 
angulation, and need for hard/soft tissue augmen-
tation before or during implant placement. During 
the clinical exam, the dentist should carefully eval-
uate the residual ridge for its shape and contour. A 
careful evaluation of the patient’s risk factors for 
soft and hard tissue changes (Table  5.1 ), whatever 
fi nal restoration is planned, should be made to 
encourage realistic patient expectations (Fig.  5.10 ).  

 Preoperative planning helps to achieve 
esthetic goals by ensuring the implant placement 
is  restoratively driven. Implant-retained fi xed 
partial dentures (FPDs) are an excellent alterna-
tive to long edentulous spans that conventionally 
would be restored with removable partial dentures 
(RPDs). On the other hand, an RPD can be less 
expensive with fewer risks than a complex sur-
gical intervention. During the informed consent 
process, care plan alternatives should include a 
discussion regarding the ability to control esthet-
ics and function with the various methods of 
tooth replacement including conventional FPDs, 
adhesive resin restorations (“Maryland” bridges), 
implants, and/or removable partial dentures. 

  Fig. 5.10    ( a ) Patient with Witkop’s syndrome (tooth and 
nail syndrome) following completion of the orthodontic 
phase of care. Note posterior molars in infraocclusion due to 
upper airway distress syndrome. Patient presented with mul-
tiple missing teeth, malformed tooth anatomy, and hypomin-
eralized enamel (variant form of amelogenesis imperfecta). 
( b ) Image of patient’s fi ngernails showing the deformed 
shape and contour common with Witkop’s syndrome. ( c ,  d ) 
Following mounting at the proposed therapeutic vertical 
dimension (determined using common prosthetic rule in 
complete denture therapy such as phonetics and esthetic 
tooth position), the diagnostic casts then had a full-contoured 
diagnostic wax-up to plan for the fi nal contours and planned 
veneers. ( e ) Panoramic image reconstruction from CBCT 
showing radicular distal angulation of the maxillary canines 
blocking the restorative space in the premolar region for two 
adjacent implants. Careful planning and stability of the 
canines allowed a care plan that involved FPD from one 
implant placed in the second premolar region and rigidly 
connected to the canine, bilaterally. ( f ) Occlusal view of zir-
conia CAD/CAM abutment in the second premolar implant 
(ATLANTIS, DENTSPLY Implants, Waltham, MA) and the 

prepared maxillary canine. ( g ) Zirconia-based fi xed partial 
denture trial fi tted (Studio 32, Cedar Rapids, Iowa). ( h ) Due 
to the infra-occluded molars, related to the tongue thrust 
habit of the upper airway distress syndrome, a ceramic 
veneer was planned for both mandibular fi rst molars. ( i ) Final 
lower restorations ready for delivery. Lower jaw had one 
implant placed in the premolar region with a molar-sized res-
toration designed to look like two premolars. One implant 
was placed at the central incisor position with a cantilever 
pontic. A ceramic onlay was made for each fi rst mandibular 
molar to bring these into occlusion. ( j ) Lower molar region 
showing zirconia abutment in place. ( k ) Facial view of com-
pleted restorations at 4-year recall. Note mucosal health and 
lack of reactive infraocclusion. Patient uses a rigid vacuform 
retainer on a nightly basis. ( l ) Maxillary    right incisor region 
showing mucosal stability around the veneers and retainer on 
the FPD. ( m ) Maxillary left incisor region showing similar 
response to the right side. ( n ) Mandibular central incisor 
region showing 4-year tissue stability with a narrow- diameter 
implant in the left central incisor region (#25) and a  cantilever 
pontic in the right central incisor region (#26)           
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 The diagnostic phase should determine the 
number of endosseous-style implants to be 
placed. When replacing multiple adjacent teeth 
with dental implants, it is often clinically useful 
to replace three teeth with a short-span FPD on 
two implants utilizing the pontic to adjust for 
contours and fi nal implant position (Fig.  5.10 ). 
This approach is especially useful in the anterior 
maxilla involving multiple teeth where the small-
est tooth to be replaced is planned as a pontic 
(Table  5.1 ) with implants placed in the canine 
and central incisor region. 

 When a tooth or teeth are missing in the ante-
rior region, the dentition tends to be positioned 
more facially relative to the central axis of the 
alveolar ridge, resulting in a thin facial plate of 
bone over the teeth. Upon tooth loss, this facial 
plate is often unevenly resorbed in a palatal and 
apical direction (e.g., average of 3–4 mm of bone 
resorption) in the maxillae [ 31 – 36 ]. The position 
and stability of the facial/buccal plate of the bone 
should be considered for any evidence of bone 
loss, which often occurs in cases involving trau-
matic fracture or, potentially, during orthodontic 
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Fig. 5.10 (continued)
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therapy. In the mandible, the resorption pattern 
can occur at an uneven rate causing increased 
bone loss on the thin superior regions, producing 
a wider ridge with high muscle attachments. 
When determining the optimal tooth position for 
functional and esthetic purposes, create a diag-
nostic setup with denture teeth on a trial base 
with soft and hard tissue contours waxed out to 
full contour. A vacuum-formed matrix of this 
diagnostic setup can then assist the surgeon in 
determining the position, placement, and volume 
of site development (hard and soft tissue graft-
ing) needed for site development [ 18 ]. In plan-
ning the occlusion, one should consider tooth 
contacts in centric relation or maximum intercus-
pation providing vertical loading down the long 
axis of the implant(s) or controlled loading if 
tilted implants are to be deployed [ 37 ,  38 ]. Large 
lateral sliding contacts may create elevated bend-
ing or torsional loads leading to premature failure 
of abutments, fracture of the crown or bridge’s 
mechanical components, and mesial migration of 
anterior teeth away from posterior implants, 
opening posterior contact points [ 39 ,  40 ]. 

 Occasionally, implants are placed and con-
nected to natural teeth using an FPD with a rigid 
or nonrigid connector [ 22 ]. Unpredictable inci-
dences of movement (intrusion) of the natural 
retainer teeth have been reported in cases with 
use of a nonrigid connector [ 41 ,  42 ]. To provide 
a prosthesis that is only supported or retained by 
implants requires placing additional implants and/
or augmentation procedures (e.g., onlay bone, 
sinus lift grafting, distraction osteogenesis, etc.). 
There are times when a tooth-/implant- supported 
FPD is the care plan of choice due to lack of ana-
tomic space yet using teeth as retainers that have 
minimal mobility (Fig.  5.10  series) [ 43 ]. 

 Careful oral implant placement in the par-
tially edentulous or single-tooth situation is criti-
cal for achieving a predictable esthetic outcome. 
As described in Table  5.1 , the initial evaluation 
considers factors associated with suffi cient bone 
and soft tissue volume. Additionally, the prosth-
odontist should discuss these risk factors with the 
patient and members of the implant team. When 
evaluating any proposed site in all three dimen-

sions for hard and soft tissue contours, the den-
tist should rely on clinical observations, mounted 
diagnostic casts, and a diagnostic wax-up. When 
evaluating osseous contours, use palpation and 
sounding with anesthesia (e.g., an endodontic 
explorer and stopper probed to the periosteum 
measuring the gingival thickness every few mil-
limeters) coupled with a CBCT radiographic 
exam having a radiographic guide (a.k.a. scan-
ning prosthesis) with reference markers (e.g., 
temporary cement painted on the exterior sur-
face, gutta-percha markers, etc.). The evaluation 
of the soft tissue contours for shape, quantity, 
texture, and color (Table  5.1 ) should include not-
ing the parameters observed in the diagnostic 
wax-up for generation of the radiographic and 
surgical guides. The periodontal tissues should 
be in optimal health before implant placement. 
A thick periodontal tissue biotype typically has 
thick fl attened osseous plates and offers a higher 
resistance to recession than a thin tissue biotype, 
especially on the midfacial aspect. In contrast, a 
thin periodontal tissue biotype, common in the 
affected ED population, has a thin erythema-
tous periodontium covering a thin or nonexistent 
alveolar crest that has an increased risk for soft 
tissue recession [ 44 ]. Removal of a tooth in this 
condition will probably lose the facial plate over 
time through resorption regardless if an implant 
is placed. It may be useful to evaluate the  gingiva 
on the contralateral tooth/teeth to consider the 
size, shape, and color of the interdental papillae, 
the arcuate form of the free marginal gingiva, 
and the relative root shape and size (i.e., tran-
sition contour of the abutment and restorative 
emergence profi le), along with the width of the 
attached gingiva and facial root prominence [ 43 , 
 44 ]. Consideration should be made to use soft 
tissue augmentation procedures in sites of thin 
tissue biotype as previously discussed. Papillae-
saving incisions or CBCT-guided fl apless surgi-
cal approaches may improve the predictability 
of implant soft tissue management. However, 
because the gingival response can be diffi cult 
to predict preoperatively, it is important to con-
duct careful evaluation with informed consent. In 
situations that pose a high risk of gingival reces-
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sion, a screw-retained crown or prosthesis should 
be considered instead of a cemented prosthesis 
(Fig.  5.11  series). This approach allows contours 
to be retrieved and modifi ed at a later date.  

 Single-tooth implant applications require 
adequate interproximal bone related to the 
 restorative space. This concept is articulated in 
what is referred to as the “rule of six” [ 30 ]. For 

a b

c

d

e

f

  Fig. 5.11    ( a ) Patient presents with X-linked HED as a 
21-year-old missing all maxillary permanent premolars, 
canines, and incisors. Patient is also missing his lower 
premolars, canines, and incisors. ( b ) Radiographic    evalu-
ation notes suffi cient osseous anatomy for a fi xed upper 
and lower implant-supported overdenture therapy. ( c ) Six 
implants are placed and angulated abutments used for a 
screw-retained approach for the fi xed upper prosthesis. 
( d ) PFM-FPD screw- retained prosthesis on master cast. 

( e ) Completed prosthesis at 10-year recall using a screw-
retained upper prosthesis and a lower overdenture 
(Locator, Zest Anchors, Escondido, CA). ( f ) Lateral view 
of reconstruction at 10-year recall. Screw-retained 
approach allows for maintenance and hygiene therapy. In 
general, a design concept of ceramic reconstruction in the 
maxilla and acrylic resin teeth in the mandible reduces 
chipping and fracture common with ceramic to ceramic 
reconstructions       
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example, a 4-mm-diameter implant requires (1) 
a minimum of 6 mm of interradicular space, (2) 
6 mm mesial-distal space, (3) 6 mm buccal- 
lingual dimension, (4) minimum of 6 mm space 
from the opposing occlusal plane to the alveo-
lar crest, (5) coronal-apico distance to safely 
allow at least a 6-mm-long implant (accounting 
for the typical 0.5–1 mm additional length cre-
ated by the rake angle on the end of the drills 
used to prepare the osteotomy), and (6) an 
implant placed with the head of the implant 
3 mm below the planned midfacial CEJ and the 
facial aspect to the implant body 2 mm to the 
lingual or palatal aspect of the planned midfa-
cial CEJ’s zenith (a.k.a. “3 × 2 = 6”). Why? 
During initial healing, at least 1 mm of peri-
implant bone continuously models or remodels 
[ 45 ,  46 ]. For proper development of the emer-
gence profi le and    the contour of the restoration 
from the margin through the gingival tissues, 
the implant should be positioned apical to the 
adjacent teeth (Fig.  5.8 ). First, consider the 
position of the soft tissue thickness and inter-
dental alveolar bone  morphology adjacent to 
the teeth on either side of the proposed site [ 47 , 
 48 ]. Proper crown-down implant placement 
allows the connective tissue and junctional epi-
thelial  biological width  to form on the trans-
mucosal portion of the implant body or on the 
abutment’s mucosal transition zone [ 49 ]. At the 
same time, it is important to avoid excessive 
countersinking of the implant since this can 
lead to bone loss, diminish soft tissue support, 
and increase the risk of long-term gingival 
recession [ 50 ]. If the head of the implant cannot 
be placed 2–3 mm below the planned CEJ (e.g., 
due to the proximity of a sinus or vital struc-
ture), then a phased treatment may be indicated 
with bone augmentation, followed later by 
implant placement or use of an alternative pros-
thetic intervention. If the tooth was maloc-
cluded or periodontally involved, the tooth’s 
position may not be the optimal position for an 
implant. In considering immediate placement 
into an extraction socket, it is often advanta-
geous to position the implant to the palatal 
aspect of the socket so as the cutting threads of 
the implant do not cut away or otherwise dis-
rupt the thin facial plate of the bone. This will 
leave up to 1 mm of space between the implant 

and the internal surface of the facial bony plate 
which will fi ll with the clot. Recently a number 
of authors have suggested that the facial gap 
should be fi lled with a non- resorbing xenograft 
material and a protective membrane. To estab-
lish primary stability with an immediate place-
ment, one third to one half of the implant body 
should be placed into sound bone that extends 
beyond the apex of the socket. As a result, the 
head of the implant may be excessively coun-
tersunk (with the associated risk of unpredict-
able gingival recession). An alternative to 
immediate extraction is tissue expansion by 
decorticalization of the crown of the tooth fol-
lowed by advancement of a facial fl ap with or 
without a submucosal connective tissue graft 
and primary closure. At a later time, the site is 
reentered and an implant placed in the optimal 
location. Alternatively, the use of fi xed orth-
odontic extrusion in cases with thicker biotypes 
can create simple orthodontic luxation of the 
remaining root or development of additional 
soft and/or hard tissue, depending on the rate of 
extrusion [ 51 – 53 ]. Surgical management of the 
implant site and prosthetic abutment choices 
affect the preservation, development, and main-
tenance of the interproximal papillae. In the 
anterior esthetic zone, a narrow-diameter-heal-
ing abutment allows for the provisional crown 
to reposition the soft tissue at the time of abut-
ment placement. A restoration fabricated at the 
time of implant placement (immediate provi-
sionalization) can guide the healing of adjacent 
soft tissues, although the provisional crown 
should be left out of occlusion (maximum inter-
cuspation and all eccentric positions) during 
the healing phase. When performing an imme-
diate provisionalization protocol, the occlusion 
should be monitored because the mobility of 
the adjacent natural teeth increases during the 
infl ammation and healing of the implant site 
[ 54 ]. Final impressions can be made and the 
defi nitive restoration placed after a healing 
period between 6 and 12 weeks. As hard and 
soft tissues heal, interproximal contacts and 
gingival embrasure form allows the maturing 
tissue to adapt to the provisional restoration(s). 
Completion of the fi nal restoration can proceed 
when the gingival tissues have matured, typi-
cally 6 weeks or more post placement.  
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    Conclusions 

 Providing tooth replacement therapy for con-
genitally missing teeth plays a strong role in 
the physiological, emotional, and physiologi-
cal support of our patients. Understanding and 
conveying the strengths and challenges of the 
proposed care plan are a vital part of the health 
literacy process. Oral health-care needs to 
start in the fi rst year of life and interdisciplin-
ary care is needed between all of the oral 
health specialties as the patient moves from 
childhood, through adolescence, and into 
adulthood. An important underlying feature is 
to provide care without excessively being 
aggressive and allow the patient to continue to 
have as many oral health options as possible 
throughout their life.     
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    Abstract  

  The development of dental enamel can be adversely affected by environ-
mental factors and by alterations in the genes important to normal enamel 
formation or metabolic changes encountered in some inherited conditions. 
In addition, the etiology of some enamel defects, such as molar-incisor 
hypomineralization (MIH), is likely to involve both environmental and 
hereditary factors. Genetic mutations in the proteins involved in enamel 
formation may result in a group of conditions known as amelogenesis 
imperfecta (AI). AI may present clinically as hypoplastic defects which 
may be expressed as thin or missing enamel, as pits and grooves, or as 
hypocalcifi ed or hypomature enamel which is discolored and relatively 
soft and weak. Although the traditional diagnosis of AI is based mainly on 
the clinical appearance of the defects, the genotypes of many AI pheno-
types have now been identifi ed. Many hypoplastic autosomal dominant AI 
mutations are now known to be associated with changes in  ENAM  or 
 AMELX  genes which encode for proteins essential for the formation and 
processing of the matrix for normal mineralization and maturation of 
enamel. In contrast, the hypocalcifi ed and hypomaturation autosomal 
recessive AI phenotypes have been associated with mutations in the genes 
coding for enzymes kallikrein-4 ( KLK4 ) and metalloproteinase ( MMP20 ), 
as well as the proteins  FAM83H  and  WDR72 . In addition to AI, there are 
about 80 hereditary syndromes that can have enamel defects with hypo-
plastic enamel being the most common phenotype. 
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 The common clinical problems associated with enamel defects are poor 
esthetics, tooth sensitivity, and increased risk for caries, cusp fracture, 
tooth wear, and erosion. The management of patients with enamel defects 
should be focused on early diagnosis, improvement of esthetics, and resto-
ration and preservation of the dentition and often requires interdisciplinary 
teams consisting of general dentists, pediatric dentists, orthodontists, and 
prosthodontists. Despite major advances in understanding of the etiology 
of defects of enamel formation, further research is required to help iden-
tify the unknown causes of developmental defects of teeth and deepen the 
understanding of the functions and of genetic and environmental processes 
and interactions involved.  

        Introduction 

 Consisting of over 98 % mineral and less than 
2 % organic matrix and water by weight, dental 
enamel, consisting mainly of hydroxyapatite, is 
the hardest tissue found in mammals [ 49 ]. The 
formation of enamel occurs over a long period of 
time and involves complex and highly coordi-
nated biological mechanisms of laying down and 
processing of a protein matrix to provide an opti-
mum environment for mineralization. There are 
known to be over 100 environmental conditions 
associated with developmental defects of enamel 
and nearly as many known genetic causes. Not 
surprisingly, oral health care providers are often 
challenged with trying to diagnose the etiology 
of and establish an appropriate approach to man-
age these diverse and often complex conditions. 
Most of the processes involved in amelogenesis 
are controlled directly by the ameloblasts, the 
cells that produce enamel [ 49 ]. Among the 
numerous proteins involved in enamel formation, 
amelogenin, which helps control the shape and 
size of the enamel crystals and is produced by the 
 AMELX  and  AMELY  genes on the X and Y chro-
mosomes, is the most abundant. Another protein, 
enamelin, produced by the  ENAM  gene, is associ-
ated with the enamel crystal growth and length-
ening. Mineralization of the enamel matrix is 
facilitated by the action of enzymes such as 
enamelysin or matrix metalloproteinase 20 
( MMP20 ), which degrades the matrix proteins 
[ 53 ]. Another key proteinase enzyme, kalli-
krein-4 ( KLK4 ), functions to remove the remain-
ing proteins in the matrix during the maturation 

stage when the hydroxyapatite crystal growth is 
complete [ 42 ]. Upon completion of enamel for-
mation, many of the ameloblasts undergo pro-
grammed cell death (apoptosis) [ 73 ]. 

 Hereditary defects of enamel development can 
be inherited as a result of mutations in the genes 
that code for proteins involved in enamel forma-
tion. Hereditary enamel defects can also occur as 
a feature of syndromes that have manifestations 
beyond enamel and in some cases will involve tis-
sues sharing common embryologic origins of 
neuroectodermal mesenchyme with teeth, such as 
the hair, teeth, and nails [ 16 ]. The aim of this 
chapter is to review the etiology and clinical man-
ifestations of inherited defects of enamel develop-
ment and the current treatment approaches to 
these defects. This chapter will focus on the diag-
nosis and management of the diverse conditions 
affecting dental enamel, namely, amelogenesis 
imperfecta (AI), and medical conditions that fea-
ture enamel defects as a prominent part of the syn-
drome, such as epidermolysis bullosa and 
tricho-dento-osseous syndrome. While it is not 
within the scope of this chapter to cover the hun-
dreds of conditions that affect enamel, we provide 
a framework that oral health care providers can 
use to diagnose and manage enamel defects.  

    Amelogenesis Imperfecta 

 A broad group of genomic disorders that affect 
the structure and appearance of dental enamel is 
known as amelogenesis imperfecta (AI). AI has 
been reported to occur at prevalence rates of 
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approximately 1:14,000 to 1:700 [ 5 ,  81 ]. Based 
on clinical phenotype, AI has been traditionally 
classifi ed into hypoplastic, hypocalcifi ed (hypo-
mineralized), or hypomaturation types depending 
on the stage of enamel formation that is affected 
by the genetic defect [ 81 ]. The hypoplastic phe-
notypes have a defi cient quantity of enamel and 
usually result from abnormalities of proteins that 
form or degrade the enamel matrix. They are 
often characterized by thin enamel, surface pit-
ting, or grooving (Fig.  6.1 ). In contrast, the hypo-
calcifi ed phenotypes have defects in initial 
crystallite formation and defective crystal growth, 
while the hypomaturation types show defects in 
the fi nal growth of the enamel crystals (Figs.  6.2 , 
 6.3 , and  6.4 ). The hypocalcifi ed AI phenotypes 
are associated with mutations in genes coding for 
proteins involved in hydroxyapatite formation, 
growth, and mineralization and are characterized 
by soft, opaque, and discolored enamel that frac-
tures easily.     

    Genotypes and Phenotypes 
of Amelogenesis Imperfecta 

 Recent advances in molecular genetics and bio-
chemistry have made it possible to subtype the 
AI phenotypes based on the type of genetic muta-
tion. The AI mutations and proteins associated 

  Fig. 6.1    Photograph of the teeth of a 13-year-old boy 
with hypoplastic AI showing pitted enamel surfaces       

Ra b

  Fig. 6.2    ( a ) Photographs of the maxillary incisors of a 
boy from a family with X-linked amelogenesis imperfecta 
showing minimal enamel present. ( b ) Incisors of the sister 

of the boy in (a) showing pits, irregular ridges of normal 
enamel, and areas of absent enamel. These features are 
more noticeable on the right-side incisor       

  Fig. 6.3    Photographs showing the maxillary and mandibular teeth of an 11-year-old boy with hypocalcifi ed AI       
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with some of the hypoplastic, hypocalcifi ed, and 
hypomaturation phenotypes and their modes of 
inheritance are shown in Tables  6.1  and  6.2 , 
while the OMIM designations and genes involved 
in some AI conditions are shown in Table  6.3 . To 
date, only approximately half of all AI pheno-
types are thought to be caused by mutations in 
known genes that affect enamel formation, 
namely,  AMEL ,  ENAM ,  FAM83H ,  KLK4 , 
 MMP20 ,  WDR72 , and  C4ORF26 , while the 

genetic changes involved in the other half of AI 
phenotypes are currently unknown [ 6 ,  71 ,  91 ].

     Mutations in the gene coding for the enamel 
protein  ENAM  have been reported for two dis-
tinct types of AI that are mostly transmitted in an 
autosomal dominant (AD) manner [ 28 ,  31 ] where 
the inheritance rate of AI from an affected parent 
is 1:2 regardless of gender. In addition, a few 
families with  ENAM  mutations have reported 
autosomal recessive (AR) transmission [ 21 ,  51 ] 
where the rate of inheriting AI from two carrier 
parents is 1:4 regardless of gender (Table  6.1 ). 
 ENAM  mutations are associated with hypoplastic 
phenotypes with the enamel defects presenting as 
generalized thin or pitted enamel [ 89 ]. Some 
 ENAM  mutations, e.g., in p.K53X [ 46 ], are asso-
ciated with localized defects, most likely from 
haploinsuffi ciency (reduced enamel production 
due to decreased amounts of enamelin that is 
being produced from the one normal allele). 
Other types of  ENAM  mutations, e.g., p.
N197fsX277 [ 28 ], may result in thin or absent 
enamel, probably as a result of production of 

  Fig. 6.4    Photographs of a 5-year-old boy’s primary den-
tition that is affected by hypomaturation type of AI show-
ing anterior open bite       

     Table 6.1    Phenotypes and genotypes of hypoplastic types of amelogenesis imperfecta   

 Phenotype  Inheritance  AI mutation  Protein  Authors 

 Hypoplastic – smooth  AD  ENAM  p.A158Q178del  Rajpar et al. (2001) [ 57 ] 
 Hypoplastic – thin  AD  ENAM  p.N197fsX277  Kida et al. (2002) [ 28 ] 
 Hypoplastic  AD  ENAM  p.M71_Q157del  Kim et al. (2005) [ 31 ] 
 Hypoplastic – localized  AD  ENAM  p.K53X  Mardh et al. (2002) [ 46 ] 
 Hypoplastic – localized  AD  ENAM  p.422fsX277  Hart et al. (2003) [ 21 ] 
 Hypoplastic – localized  AD  ENAM  p.S246X  Ozdemir et al. (2005) [ 51 ,  52 ] 
 Hypoplastic – smooth, 
thin 

 AR  ENAM  p.V340_M341insSQYQYCV  Ozdemir et al. (2005) [ 51 ,  52 ] 

 Hypoplastic – smooth, 
thin 

 AR  ENAM  p.P422fsX448  Hart et al. (2003) [ 21 ] 

 Hypoplastic – smooth  X-linked  AMEL  p.15_a8delinsT  Lagerstrom-Fermer et al. 
(1991) [ 38 ] 

 Hypoplastic – smooth  X-linked  AMEL  p.W4X  Sekiguchi et al. (2001) [ 62 ] 
 Hypoplastic – smooth  X-linked  AMEL  p.MIT  Kim et al. (2004) [ 30 ] 
 Hypoplastic – smooth  X-linked  AMEL  p.W45  Kim et al. (2004) [ 30 ] 
 Hypoplastic – smooth  X-linked  AMEL  p.E191X  Lench and Winter (1995) [ 41 ] 
 Hypoplastic – smooth  X-linked  AMEL  p.P158fsX187  Lench and Winter (1995) [ 41 ] 
 Hypoplastic – smooth  X-linked  AMEL  p.L181fsX187  Kindelan et al. (2000) [ 33 ] 
 Hypoplastic – smooth  X-linked  AMEL  p.Y147fsX187  Green et al. (2002) [ 19 ] 
 Hypoplastic – smooth  X-linked  AMEL  p.H129fsX187  Sekiguchi et al. (2001) [ 62 ] 
 Hypoplastic – smooth  X-linked  AMEL  p.P52R  Kida et al. (2007) [ 29 ] 
 Hypoplastic – smooth  X-linked  AMEL  pT511  Lench and Winter (1995) [ 41 ] 
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    Table 6.2    Phenotypes and genotypes of hypocalcifi ed and hypomaturation types of amelogenesis imperfecta   

 Phenotype  Inheritance  AI mutation  Protein  Authors 

 Hypomaturation/hypoplastic  X-linked  AMEL  p.18del  Lagerstrom et al. (1991) [ 37 ] 
 Hypomaturation/hypoplastic  X-linked  AMEL  p.H77L  Hart et al. (2003) [ 21 ] 
 Hypomaturation  X-linked  AMEL  p.P701  Collier et al. (1997) [ 10 ] 
 Hypomaturation  AR  MMP20  p.1319fs338X  Kim et al. (2005) [ 31 ] 
 Hypomaturation  AR  MMP20  p.H226Q  Ozdemir et al. (2005) [ 51 ,  52 ] 
 Hypomaturation  AR  MMP20  p.W34X  Papagerakis et al. (2008) [ 53 ] 
 Hypomaturation  AR  WDR72  p.Ser783X  El-Sayed et al. (2009) [ 13 ] 
 Hypomaturation  AR  WDR72  p.S489fs498  Wright et al. (2011) [ 91 ] 
 Hypomaturation  AR  WDR72  p.Lys333X  Kuechler et al. (2012) [ 35 ] 
 Hypomaturation  AR  KLK4  p.W153X  Hart et al. (2004) [ 22 ] 
 Hypocalcifi ed  AD  FAM83H  p.S287X  Wright et al. (2009) [ 88 ] 
 Hypocalcifi ed  AD  FAM83H  p.Q470X  Wright et al. (2009) [ 88 ] 
 Hypocalcifi ed  AD  FAM83H  p.Q456X  Hart et al. (2009) [ 23 ] 
 Hypocalcifi ed  AD  FAM83H  p.L308fsX323  Wright et al. (2009) [ 88 ] 
 Hypocalcifi ed  AD  FAM83H  p.W460X  Lee et al. (2008) [ 39 ] 
 Hypocalcifi ed  AD  FAM83H  p.Q677X  Lee et al. (2008) [ 39 ] 
 Hypocalcifi ed – localized  AD  FAM83H  p.L625fsX703  Wright et al. (2009) [ 88 ] 
 Hypocalcifi ed – localized  AD  FAM83H  p.E694X  Wright et al. (2009) [ 88 ] 

   Table 6.3    Hereditary conditions with enamel defects – OMIM designations and genes   

 Amelogenesis imperfecta  Gene/locus  Enamel phenotype 
 Mode of 
inheritance 

 # 301200. Amelogenesis imperfecta, 
type IE; AI1E 

  AMELX   Hypoplasia/hypomaturation depending 
on mutation and protein effect 

 X-linked 

 % 301201. Amelogenesis imperfecta, 
hypoplastic/hypomaturation, X-linked 2 

  Xq22-q28   Hypoplastic and/or hypomaturation  X-linked 

 #104500. Amelogenesis imperfecta, 
type IB; AI1B 

  ENAM   Localized hypoplastic/generalized 
hypoplastic 

 Autosomal 
dominant 

 #204650. Amelogenesis imperfecta, 
type IC; AI1C 

  ENAM   Generalized hypoplastic  Autosomal 
dominant 

 #204700. Amelogenesis imperfecta, 
hypomaturation type, IIA1; AI2A1 

  KLK4   Normal enamel thickness – 
hypomineralized orange-brown color 

 Autosomal 
recessive 

 #612529. Amelogenesis imperfecta, 
hypomaturation type, IIA2; AI2A2 

  MMP20   Normal enamel thickness – 
hypomineralized orange-brown color 

 Autosomal 
recessive 

 #130900. Amelogenesis imperfecta, 
type III; AI3 

  FAM83H   Localized or generalized 
hypomineralized enamel 

 Autosomal 
recessive 

 #613211. Amelogenesis imperfecta, 
hypomaturation type, IIA3; AI2A3 

  WDR72   Hypomaturation – creamier/opaque 
enamel upon eruption. Discoloration 
and loss of tissue post-eruption 

 Autosomal 
recessive 

 #104510. Amelogenesis imperfecta, 
type IV; AI4 

  DLX3   TDO – thin pitted hypoplastic  Autosomal 
dominant 

 # 614253. Amelogenesis imperfecta and 
gingival fi bromatosis syndrome; AIGFS 

  FAM20A   Generalized hypoplastic and failure of 
tooth eruption, gingival hypertrophy 

 Autosomal 
recessive 

 %104530. Amelogenesis imperfecta, 
hypoplastic type 

  ???   Hypoplastic – failure to erupt and 
calcifi cation of pulp. 6 different forms 

 ? 

 #614832. Amelogenesis imperfecta, 
hypomaturation, IIA4; AI2A4 

  C4ORF26   Hypomaturation AI  Autosomal 
recessive 
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abnormal proteins that are nonfunctional for 
enamel formation. 

 The  AMELX  gene encodes for the enamel pro-
tein amelogenin which has key roles, which are 
as yet not fully understood, in the enamel extra-
cellular matrix that undergoes mineralization 
[ 72 ]. As approximately 90 % of human amelo-
genin is expressed from the  AMELX  gene, and 
only 10 % from the  AMELY  gene, inheritance of 
most  AMEL  mutations, is X-linked and is charac-
terized by males typically having a more severe 
phenotype compared with females [ 83 ]. The rate 
of inheriting the X-linked gene is 1:2 for both 
male and female children of an affected mother 
and normal father. For children of an affected 
father and normal mother, the inheritance rate is 
1:2 for female children and none of the male chil-
dren will inherit the gene. Females with the 
 AMELX  gene mutations typically show the 
Lyonization effect where partial X-chromosome 
inactivation in the ameloblasts results in alternat-
ing vertical bands of normal and abnormal 
enamel [ 82 ,  83 ]. In contrast, affected males usu-
ally show a generalized and more severe enamel 
phenotype compared with females as they are 
only producing the abnormal protein from the 
abnormal  AMELX  gene (Fig.  6.2 ). 

 Mutations of the  AMELX  gene result in pheno-
types that have been reported as hypoplastic or 
hypomaturation phenotypes (Tables  6.1  and  6.2 ). 
Generalized thin hypoplastic AI phenotypes can 
result from  AMELX  mutations in the C-terminus- 
coding regions as well as from abnormalities in the 
formation of signal peptides [ 38 ,  39 ,  61 ]. In con-
trast, enamel hypomaturation phenotypes are asso-
ciated with mutations in the N-terminus- coding 
region of  AMELX  [ 20 ,  37 ], while mutations in 
exons 6 and 5 cause a combined hypomaturation-
hypoplastic phenotype [ 2 ,  29 ,  40 ]. 

 Mutations in the  FAM83H  gene result in auto-
somal dominant hypocalcifi ed AI that is thought 
to be the most common form of AI in the USA 
[ 88 ]. Although the role of  FAM83H  in other tis-
sues is unclear, the fact that all  FAM83H  muta-
tions reported to date are associated with enamel 
changes points to the signifi cance of  FAM83H  in 
enamel formation. Individuals with  FAM83H  
mutations show weak, yellow brown  discoloration 

of the enamel with severely reduced  mineral and 
increased protein content which contrasts with 
that of hypomaturation AI in being not proline 
rich [ 88 ]. The generalized types of hypocalcifi ed 
AI affecting the entire crowns result from 
 FAM83H  mutations that are usually associated 
with nonfunctional proteins (e.g., p.Q677X). In 
contrast, the localized types which are caused by 
mutations associated with less dysfunctional pro-
teins (e.g., p.E694X) result in enamel changes 
that are seen mainly in the cervical parts of the 
crowns [ 88 ]. 

 Mutations in the genes coding for the protein-
ases kallikrein-4 ( KLK4 ) and metalloproteinase 
 MMP20  cause hypomaturation phenotypes and 
are inherited as autosomal recessive traits [ 42 ,  86 ]. 
The enamel is hypomineralized with a high pro-
tein content although the thickness is normal. 
Kallikrein-4 ( KLK4 ) codes for a proteinase that 
removes remaining proteins during the maturation 
phase to allow for optimal crystal growth and min-
eralization [ 86 ].  MMP20  metalloproteinase is 
required for cleaving amelogenin and ameloblas-
tin during the secretory stage of enamel formation. 
Multiple allelic mutations in  MMP20  have been 
identifi ed [ 18 ,  32 ,  52 ,  53 ], and the resulting pheno-
types are different from the autosomal recessive 
pigmented hypomaturation AI that is caused by 
the  C4ORF26  gene mutations. Another group of 
mutations associated with autosomal recessive 
hypocalcifi ed or hypomaturation types of AI is 
found in mutations of the gene  WDR72  that codes 
for an intracellular protein thought to have media-
tory functions between proteins [ 17 ,  85 ].  

    Other Abnormalities Associated 
with Amelogenesis Imperfecta 

 Other oral conditions are encountered in patients 
with AI more frequently compared to the general 
population. The most well known of these is skel-
etal open bites which occur commonly with the 
hypomaturation and hypocalcifi ed phenotypes 
(Fig.  6.4 ) [ 9 ,  25 ,  54 ]. The etiology of skeletal 
open bites in AI is unclear, but has been specu-
lated to be associated with effects of the genetic 
changes in other tissues. It is possible that  anterior 
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open bites may also result from abnormal jaw 
posturing or changes in bite force due to severe 
dental sensitivity of the AI teeth [ 9 ]. Other abnor-
malities that have been associated with AI include 
taurodontism, eruption delay/failure, hyperce-
mentosis, pulp calcifi cations [ 44 ], impaction of 
teeth, and follicular cysts [ 9 ,  65 ,  80 ].   

    Other Hereditary Conditions 
with Enamel Defects 

 Molecular defects can alter enamel development 
by a variety of mechanisms and there are thou-
sands of genes expressed by ameloblasts support-
ing their activities toward enamel development. 
Genetic alterations can exert a direct effect 
through gene expression by the enamel-forming 
cells (e.g., ameloblasts secrete an abnormal 
matrix such as in AI) or by secondary effects 
where the gene may not be dysfunctional or 
expressed by the ameloblast (e.g., underlying 
mesenchymal cells affected or systemic meta-
bolic alteration). Genetic mutations can have a 
direct effect on the oral epithelium, thereby alter-
ing the differentiation or function of the amelo-
blasts or adjacent supporting cells (e.g., stratum 
intermedium). For example, junctional epider-
molysis bullosa (OMIM 226700, 226650) is 
associated with enamel hypoplasia secondary to 
abnormal laminin 5 formation that is critical for 
cell attachment [ 1 ,  87 ]. Most hereditary condi-
tions affecting enamel formation result in a hypo-
plastic enamel phenotype. For example, 
junctional epidermolysis bullosa (JEB) caused by 
alteration of laminin 5 has a thin and/or pitted 
enamel phenotype. Because laminin 5 also is a 
critical component of the epidermal-dermal 
 junction, skin fragility is a hallmark feature of 
JEB. Depending on the severity of skin fragility, 
the oral health management of individuals with 
JEB can be very challenging. 

 Other conditions such as tricho-dento-osseous 
syndrome (TDO – OMIM # 190320) that is 
caused by mutations in the transcription factor 
 DLX3  also have a thin and/or pitted enamel phe-
notype. Affected individuals are almost always 
born with kinky-curly hair (half of them lose this 

characteristic by childhood) and dense cranial 
and skeletal bone that becomes apparent on 
radiographs during childhood [ 90 ]. There is 
marked variability in affected individuals despite 
almost all of the cases having the same genetic 
mutation in the  DLX3  gene. Taurodontism and 
large pulp chambers with thin dentin are a com-
mon feature of this condition and help delineate it 
from AI. The propensity for developing pulp 
necrosis and having abscess formation appears to 
stem from the combination of thin enamel, large 
pulps, and thin dentin that allow microexposure 
of the dental pulp and bacterial invasion. Placing 
resin copings or crowns to help prevent pulp 
exposure can be benefi cial in the primary and 
developing permanent dentition in more severely 
affected individuals. 

 There are numerous forms of ectodermal dys-
plasias that can have signifi cant enamel defects 
such as Goltz syndrome (also called focal dermal 
hypoplasia – OMIM # 305600) and ectrodactyly, 
ectodermal dysplasia, and cleft lip/palate syn-
drome (OMIM # 604292) to name just a couple. 
While most syndromes are associated with a 
hypoplastic enamel phenotype, the severity of the 
enamel defect varies markedly, and there can be 
many associated features such as hypodontia and 
facial clefting as examples. Therefore, the man-
agement of each of these conditions will be dif-
ferent depending on the nature of the enamel 
defects (e.g., hypoplastic and/or hypomineral-
ized) and the presence of associated oral and sys-
temic conditions.  

    Management of Patients 
with Hereditary Defects of Enamel 
Development 

 Clinical problems commonly experienced by 
many patients affected with developmental 
defects of enamel, regardless of whether they are 
associated with AI or a syndrome, are compro-
mised esthetics, dental sensitivity, tooth wear, 
and increased risk for caries and calculus forma-
tion [ 47 ,  64 ]. Management of enamel defects will 
be predicated on understanding and accounting 
for the associated oral and systemic  manifestations 
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and potential need for special medical manage-
ment (e.g., treatment of severe EB conditions). 
The severity of the enamel defects and associated 
problems varies depending on the specifi c condi-
tion. For example, with the AI conditions the 
hypocalcifi ed and hypomaturation variants have 
more severe signs and symptoms compared with 
the hypoplastic types. The aims of dental treat-
ment are to reduce dental sensitivity, improve 
estethics, restore masticatory function, and pre-
vent deterioration of the dentition from caries, 
fracture, tooth wear, and erosion. Early diagnosis 
and preventive care are essential for effective 
preservation of the dentition. Clinicians should 
also be alert to the fact that psychological distress 
and low self-esteem are prevalent among AI chil-
dren, particularly those with the more severe 
types, presumably from the reduced quality of 
life associated with poor esthetics and tooth sen-
sitivity [ 8 ,  24 ]. Children who have a family his-
tory of AI or medical syndromes that are 
commonly associated with defects of enamel 
development such as epidermolysis bullosa 
should be examined as soon as the primary and 
permanent teeth emerge [ 66 ]. Referral to special-
ist pediatric dentists, pediatricians, and geneti-
cists for defi nitive diagnosis, genetic testing, and 
counseling may be required. 

 In clinical practice, management of patients 
with developmental enamel defects may be con-
sidered in a few age-related phases: 1–6 years old 
(primary dentition or initial phase), 6–12 years 
old (early permanent dentition or transitional 
phase), and teenagers and adults (full permanent 
dentition). Treatment planning is likely to be 
complex and, for children and adolescents, usu-
ally involves interdisciplinary specialists includ-
ing general dental practitioners, specialist 
pediatric dentists, and orthodontists. A prosth-
odontist may need to be consulted when the chil-
dren reach adulthood to manage the complex 
prosthodontic treatment that is usually required. 
The preservation of tooth structure should be a 
central strategy for all patients with enamel 
defects, and dental management should aim at 
preventing caries, maintaining good gingival 
health, and restoring the teeth with minimally 
invasive treatment options. Maintaining the den-

tition and alveolar bone is critics so that future 
implants or prostheses will have optimal bony 
support. 

    Preventive Care 

 For all children with defects of enamel develop-
ment, the restorative, prosthetic, and orthodontic 
treatments should be supported by an aggressive 
program of preventive care. Oral hygiene instruc-
tion, diet counseling, topical fl uoride therapy, and 
frequent periodic examinations should be instituted 
immediately after diagnosis. Preventive care is cru-
cial as children’s enamel defects such as AI are at 
high risk for caries and periodontal disease due to 
the presence of rough defective enamel surfaces that 
often extend subgingivally and render oral hygiene 
diffi cult. In addition, many children, particularly 
those with hypocalcifi ed and hypomaturation AI 
phenotypes, have a higher tendency for calculus 
formation, probably due to changes on the enamel 
surfaces, saliva, or plaque microbial fl ora [ 84 ]. 
Gingival overgrowth may occur as an exaggerated 
response to retained bacterial plaque and mechani-
cal irritation of abnormal enamel that may further 
compromise esthetics [ 45 ]. As AI children often 
have diffi culties with oral hygiene due to tooth sen-
sitivity, toothbrushing and fl ossing techniques 
should be taught to the parents and child and rein-
forced frequently. Short recalls for professional 
scaling and cleaning are recommended for children 
who are unable to perform oral hygiene thoroughly 
[ 47 ]. Antibacterial mouth rinses or gels such as 
chlorhexidine may help some patients, particularly 
adolescents, achieve optimum gingival health 
before and after restorative work and after peri-
odontal surgery [ 84 ]. 

 Preventive agents for caries prevention for chil-
dren with AI or other enamel defects include neutral 
sodium fl uoride gels or varnishes applied profes-
sionally three or six times monthly [ 59 ]. Daily or 
weekly neutral sodium fl uoride mouth rinses may be 
prescribed for children older than 6 years of age who 
are capable of spitting out the mouth rinse. Calcium- 
and phosphate-rich products such as casein phos-
phopeptide amorphous calcium phosphate creams 
(CPP-ACP) have been recommended as they 
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encourage remineralization [ 7 ,  58 ,  92 ]. However, to 
date, there are no controlled clinical studies showing 
that CPP-ACP is effective for managing teeth with 
AI or other forms of hypomineralized enamel (e.g., 
molar-incisor hypomineralization).  

    Anterior Teeth Restorations 

 Although a recent Cochrane review concluded 
that due to the absence of randomized controlled 
trials, there is no evidence as to which is the best 
restorative treatment for AI [ 11 ], there are several 
reports of case series and individual patients that 
provide useful information regarding treatment 
options for AI children, adolescents, and adults. 

 In patients with AI, the anterior teeth often need 
to be restored to improve esthetics and protect 
them from caries and erosion [ 64 ]. In young chil-
dren and adolescents with the hypoplastic AI phe-
notypes where there is suffi cient enamel, these 
aims would be achievable with acid-etched com-
posite resins bonded directly to the teeth. However, 
in males with X-linked AI where minimal enamel 
is present or the smooth hypoplastic AI pheno-
types where the etching effect on the enamel sur-
face is inadequate, composite resins are less likely 
to be successful unless combined with other 
approaches such as obtaining mechanical reten-
tion and the use of dentin-bonding resins [ 67 ]. 

 Composite resins for anterior teeth affected with 
AI or other enamel defects frequently should enve-
lope the entire crown wherever possible to provide 
maximum retention, protection, and esthetics. In 
cases of deep overbite, it may be necessary to limit 
the placement of composite resins to the facial 
aspects. Enamel discolorations which are fre-
quently encountered in the hypocalcifi ed and hypo-
maturation AI phenotypes may be removed using 
microabrasion, employing an acidic slurry contain-
ing 18 % hydrochloric acid and pumice [ 50 ,  56 ]. A 
coating of composite resin is usually recommended 
after removal of the discolorations to protect the 
enamel surface and prevent recurrence of the stains. 
Composite resins containing opaque fi llers may 
also be applied to mask the discolorations. If the 
composite resins are inserted prior to full eruption 
of the permanent anterior teeth, the existing resto-

rations may be readily modifi ed as the teeth erupt 
by adding more material to the gingival margins. 
To improve the bonding of the composite resins to 
enamel that is poorly mineralized, pretreatment of 
the surface with 5 % hypochlorite solution has been 
proposed as a method to remove excess proteins 
and improve bond strength [ 60 ,  74 ]. Bleaching the 
affected teeth after mechanical preparation for 60 s 
also improves coloration and reduces the need in 
some cases to use an opaque resin restorative mate-
rial. In some AI-affected teeth that have minimal 
enamel available for bonding of composite resins, 
dentin- bonding agents or glass ionomer cements 
may be used as a dentin-bonding base, on which a 
composite resin restoration may be placed (“sand-
wich technique”) [ 48 ]. 

 Primary anterior teeth affected by AI or other 
enamel defects may be similarly restored with 
composite resin veneers and crowns which can 
be fabricated directly or indirectly [ 75 ]. In cases 
where there is inadequate retention of directly 
bonded composite resins, the primary anterior 
teeth may be fi tted with stainless-steel crowns 
that contain composite resin open face inserts or 
have prefabricated resin facings [ 69 ]. Primary 
anterior teeth can also be restored with crowns 
made of zirconium that provide excellent esthet-
ics. These crowns are available through multiple 
vendors and are made for both maxillary and 
mandibular anterior teeth. 

 During the early mixed dentition, the height of 
gingival contour continues to change and the 
dental pulp chambers are quite large. For these 
reasons, it is typically preferable to cover the 
newly erupting permanent incisors with resin 
after minimal enamel removal. This will allow 
for improved esthetics and control of sensitivity. 
As the teeth continue to erupt, new resin can be 
added to the newly exposed tooth in the gingival 
area. In the early permanent dentition, once the 
gingival height is better established (12–
18 years), porcelain veneers may be considered if 
there is suffi cient enamel for bonding and the 
added esthetics is critical at this time [ 93 ]. When 
the patients reach adulthood and the facial, occlu-
sal, and gingival heights are stable, porcelain and 
other custom-made full crowns may be consid-
ered for maximum esthetics [ 79 ].  
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    Posterior Teeth Restorations 

 In mildly affected cases of AI or conditions with a 
hypoplastic enamel phenotype, small carious 
lesions on posterior teeth may be successfully 
restored using conventional, conservative, intra-
coronal, restorative materials such as amalgams 
and composite resins in both primary and perma-
nent dentitions. However, if the enamel phenotype 
involves hypomineralization of the enamel, the 
teeth are structurally weak and the tooth structure 
surrounding intracoronal restorations often frac-
tures, resulting in marginal leakage around resto-
rations, recurrent caries, and pulp involvement 
[ 64 ]. The presence of an adhesive bond between 
the restorative materials and the affected tooth 
structure may prevent fracture, and materials such 
as resin-modifi ed glass ionomer cements and 
polyacid-modifi ed composite resins that can be 
bonded to the tooth potentially have greater suc-
cess rates compared to the nonbonding materials. 
Clinical studies as to the success of bonded versus 
non-bonded restorations in patients with develop-
mental defects of the dentition  are lacking at this 
time. These materials are thus are often better 
suited for teeth with hypomineralized or structur-
ally altered enamel over the nonbonding type of 
intracoronal materials such as amalgams [ 64 ]. 

 When the enamel is poorly mineralized such as 
the hypocalcifi ed and hypomaturation AI pheno-
types, the enamel tends to fracture readily in pos-
terior teeth that are subjected to heavy masticatory 
stresses. Thus molars are often best protected 
using full-coverage crowns as soon as the teeth are 
fully erupted. Complete coverage of the teeth with 
crowns also reduces tooth sensitivity and helps 
maintain space and crown height [ 64 ]. Stainless 
steel crowns are typically the most suitable full 
coverage crown in the young permanent dentition 
as very little tooth structure removal is required 
and these crowns have an excellent success rate. 

 Stainless-steel crowns are highly durable resto-
rations for protecting both primary and young per-
manent molars affected by enamel hypoplasia [ 34 ] 
(Fig.  6.5 ). If the teeth are relatively intact, the 
crowns are best inserted using a conservative tech-
nique with minimal removal of tooth structure. This 
method which involves interproximal separation 
and minimal or no occlusal surface reduction was 

fi rst introduced for placement of crowns to protect 
teeth with large pulps to prevent pulp exposures [ 63 , 
 68 ]. In this technique, the proximal contacts are 
opened by applying elastic orthodontic separators a 
few days prior to crown insertion, and only minimal 
tooth preparation limited to removal of caries and 
unsupported enamel is performed [ 66 ]. 

 If the insertion of stainless-steel crowns is 
required for bilateral molar teeth, to avoid dis-
comfort associated with an uneven occlusion, it is 
recommended that both of either maxillary or 
mandibular molar crowns be inserted at the fi rst 
visit, followed by bilateral placement of the 
opposing crowns at the following visit. In most 
cases, immediately after insertion of the fi rst set 
of stainless-steel crowns, the occlusal height is 
increased by 2–3 mm measured incisally. This 
change in occlusal height usually returns to nor-
mal within 6 weeks in young children and teen-
agers when the second set of stainless-steel 
crowns can be inserted. 

 Esthetic posterior composite resin crowns 
which are constructed indirectly [ 55 ] may be 
suitable alternatives for molars with hypoplastic 
or hypomineralized enamel defects, although 
they lack the strength of stainless-steel crowns 
and have higher rates of fracture. Full zirconium 
crowns are also esthetic alternatives for full cov-
erage of primary and permanent molar teeth [ 70 ]. 
However, these crowns are costly and require 
relatively extensive tooth reduction compared to 
stainless-steel crowns. 

 An alternative to full-coverage crowns in the 
permanent dentition is the precast chrome onlay 

  Fig. 6.5    Generalized enamel hypoplasia is evident in the 
primary dentition of this child affected with junctional 
epidermolysis bullosa       
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which protects the occlusal surface. To avoid the 
necessity for occlusal reduction, the onlays may 
be inserted supra-occlusally on permanent molars 
prior to full eruption [ 26 ]. Composite resin onlays 
constructed using indirect techniques have also 
been proposed for young permanent molars 
affected by AI [ 3 ], although the longevity of 
these restorations is unclear. In severely affected 
AI teeth where there is fracture and loss of tooth 
structure prior to full eruption, glass ionomer 
cements may be placed as interim restorations 
until the molar teeth are fully emerged and 
stainless- steel crowns can be inserted. Glass ion-
omer cements are particularly useful for teeth 
affected by AI due to their ability to bond to den-
tin, fl uoride-releasing properties, and the relative 
ease of insertion [ 48 ].   

    Orthodontic Management 
of Dentitions Affected by Defects 
of Enamel Development 

 Orthodontic treatment for children with AI may 
be required for general malocclusions as well as 
conditions that are frequently encountered in AI 
such as anterior open bites and delayed or non- 
eruption of the teeth. In addition, in some patients 
with AI, the excessive interdental spacing associ-
ated with thin enamel can be reduced or closed 
by orthodontic treatment. In severe cases of skel-
etal open bites, orthognathic surgery may be 
undertaken in young adults together with orth-
odontic treatment to achieve an optimal occlu-
sion and facial profi le [ 25 ,  84 ]. 

 Orthodontic treatment for AI children and ado-
lescents is associated with increased risks for frac-
ture of the weak enamel due to forces applied 
during treatment and when removing fi xed orth-
odontic appliances [ 4 ]. Repeated bond failures may 
also prolong orthodontic treatment. Although fi xed 
appliances bonded with acid- etched composite res-
ins may be used for most AI patients, achieving 
adequate bond strengths may be problematic, par-
ticularly in the phenotypes with absent or smooth, 
thin hypoplastic enamel [ 67 ]. Glass ionomer 
cements may be more suitable compared to com-
posite resin cements for teeth in AI phenotypes 
with absent enamel due to their ability to bond to 

dentine and fl uoride- releasing properties which 
help to prevent enamel demineralization [ 59 ]. 

 Plastic brackets can substitute for metal brack-
ets for AI patients as they can be debonded rela-
tively easily with a hand instrument with less risk 
of damage to the enamel surface. Traditional 
banded appliances may also be considered if 
brackets cannot be bonded suffi ciently. 
Additionally, preformed stainless-steel crowns 
with welded tubes or brackets may be another 
option if there is insuffi cient crown height for 
bracket attachment [ 4 ].   

    Molar-Incisor Hypomineralization 

 Molar-incisor hypomineralization (MIH) is a 
developmental defect that primarily affects the 
enamel of the fi rst permanent molars and inci-
sors. This condition has been described using a 
variety of terms (e.g., cheese molars, idiopathic 
hypomineralization of enamel) [ 76 ] with the term 
molar-incisor hypomineralization being accepted 
by leaders in the fi eld in 2000 [ 77 ]. The clinical 
characteristics are variable between cases and 
teeth even in the same individual. The hypomin-
eralized enamel defects vary from small, well- 
demarcated areas of color change to extensive 
hypomineralization involving the entire dental 
crown. Affected teeth form with a normal thick-
ness of enamel and the abnormal areas of enamel 
have a decreased mineral content and increased 
protein and water content. Discoloration of the 
affected enamel results from the decreased min-
eral content and increased protein and water con-
tent of enamel that change its optical character 
[ 14 ]. Color changes vary from white opaque 
lesions to a creamy yellow or brown. The more 
severely affected the enamel (less mineral), the 
more likely it is to fracture under function and to 
cause dental hypersensitivity (Fig.  6.6 ). The 
degree of hypersensitivity associated with these 
defects varies but can be quite pronounced. 
Hypersensitivity and diffi culty anesthetizing the 
affected molars can add to the challenge of treat-
ing individuals with MIH [ 78 ].  

 The prevalence of MIH ranges from about 
3–40 %, depending on the population studied, mak-
ing it a common enamel defect and one that will 
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challenge clinicians on a regular basis [ 27 ]. The 
MIH-affected fi rst permanent molar is highly likely 
to develop dental caries and frequently are associ-
ated with hypersensitivity. Having enamel hypo-
mineralization in the primary dentition increases the 
likelihood that the individual will have MIH in the 
permanent dentition [ 12 ]. Numerous environmental 
stressors and childhood illnesses have been associ-
ated with MIH with most of these stressors occur-
ring in the fi rst year of life [ 15 ]. Studies of multiple 
siblings affected with MIH and a recent study iden-
tifying a genetic loci associated with MIH suggest 
that the etiology of this condition may be complex 
and involves both environmental stressors and a 
genetic predisposition [ 36 ]. 

    Management of MIH 

 Treatment approaches for MIH will vary and 
should be based on the severity, extent, and distri-
bution of the enamel defects. As discussed above, 
for AI and syndrome-associated enamel defects, 
the treatment goals are to prevent the tooth from 
developing dental caries, to help prevent or 
reduce enamel loss, to restore form and function 
when there is enamel loss, and to address esthetic 
issues when the incisors are involved [ 43 ,  78 ]. 
Management should consist of a combination of 
preventive and, in moderate to severe cases of 
MIH where enamel is lost, restorative approaches. 
Preventive approaches primarily consist of 

fl  uorides and sealant materials. Restorative 
approaches range from glass ionomers or resins 
to full-coverage crowns depending on the extent 
of the lesions, dental hypersensitivity, ability to 
achieve moisture control, and patient age. In 
severe cases, extraction can be an ideal approach 
and should be considered after comprehensive 
evaluation of the potential ramifi cations that 
extraction may have on the occlusion and long- 
term growth and development (e.g., whether the 
second or third permanent molars are present). In 
molars that are discolored but have little or no 
enamel loss, they often are best managed conser-
vatively with sealants or resin restorations. 
Deproteinization with sodium hypochlorite 
(NaOCl) can help achieve a more normal color of 
enamel, and there is evidence that it can aid in the 
bonding of resins by removing proteins and 
allowing better  penetration of the resin into the 
etched enamel. Deproteinization can be accom-
plished by treating the enamel for 60 s with 5 % 
NaOCl and then rinsing and proceeding with 
etching as for conventional sealant or resin place-
ment. This approach may also be helpful for 
treating forms of AI that are associated with 
increased enamel protein content (i.e., hypocalci-
fi ed and hypomaturation AI types). Molars 
severely affected with MIH that are associated 
with marked enamel loss and severe sensitivity 
are often best managed initially with glass iono-
mers. These materials allow placement of a resto-
ration that will adhere to the tooth structure 

  Fig. 6.6    Taurodontism, thin 
enamel, impacted teeth and 
pulpal involvement are 
commonly seen in TDO as 
observed in this  affected 
individuals panoramic 
radiograph       
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without optimal moisture control and is very 
effective for reducing dental sensitivity. This 
approach allows the patient to maintain the 
molars until a more defi nitive approach can be 
implemented. Incisor esthetics also will be man-
aged by a variety of approaches depending on the 
location, extent, and severity of the enamel 
defects (Table  6.4 ). Treatment approaches for 
incisors vary from bleaching to resin restorations 
to veneers. Crowns on MIH- affected incisors are 
not typically necessary as most incisor involve-
ment is not associated with the marked enamel 
loss or sensitivity to the same degree as molars.

        Conclusions 

 The etiologies of enamel defects are extremely 
diverse and the clinician must delineate 
between a myriad of genetic and environmental 
causes to obtain a diagnosis. Understanding the 
nature of the enamel defect (hypoplastic versus 
hypomineralized) will aid the clinician in 
selecting treatment approaches and materials 
that are most likely to produce a successful out-
come. The molecular defects causing these 
conditions are becoming rapidly identifi ed, 
providing clinicians with objective diagnostic 
tests to help establish specifi c diagnoses. 
Similarly, the environmental conditions that 
infl uence the processes involved in enamel for-
mation are also becoming better understood. In 
the future better technology and materials may 
provide additional opportunities to help prevent 
and manage developmental defects of enamel.     
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    Abstract  

  The management of children with defects of dentin can be challenging 
from both diagnostic and treatment perspectives. Obtaining the correct 
diagnosis is based on careful evaluation of the family history, clinical mani-
festations and radiographic appearance. Therefore, this chapter aims at 
describing the various types of conditions leading to defects in dentin with 
emphasis on the importance of establishing a holistic treatment plan that 
encompasses a stepwise approach to help achieve the short-, medium- and 
long- term treatment goals of a functional and aesthetic dentition.  

  7      Defects of Dentin Development 

           Hani     Nazzal      and     Monty     S.     Duggal   

        Introduction 

 Dentin is a calcifi ed tooth tissue which consists 
of about 70 % mineral (hydroxyapatite), 20 % 
organic matrix and 10 % water (mature dentin) 
[ 1 ]. It serves as a protective covering for the pulp 
while supporting enamel and cementum. 

 The formation of dentin, a process known as 
dentinogenesis, is carried out by specialised 
ectomesenchymally derived cells known as 
odontoblasts. These columnar cells line the 
pulpal surface of the dentin with the cell pro-
cesses extending partly or all the way through 
dentin. The odontoblasts are associated with 
the formation and maintenance of dentin and 
communication with pulp afferent nerves. The 

odontoblasts provide the tooth with a biological 
line of defence against environmental injury 
and the ability to lay down reparative or tertiary 
dentin in response to insults such as dental car-
ies or tooth fracture. 

 Defects of dentin can be of genetic origin or 
caused by environmental effects. The clinical 
characteristics of these conditions (phenotype) 
are diverse, and the clinician is challenged by 
correctly diagnosing the diverse conditions 
that affect dentin and selecting appropriate 
treatment approaches. Abnormalities of dentin 
formation are generally divided into the 
following:
    A.    Nonsyndromic defects of dentin, inherited 

conditions, e.g. dentinogenesis imperfecta 
and dentinal dysplasia   

   B.    Syndromes with dentin defects 
     (a)     Osteogenesis imperfecta (OI) with den-

tinogenesis imperfecta   
   (b)    Ehlers-Danlos syndrome   
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   (c)    Goldblatt syndrome   
   (d)    Schimke immuno-osseous dysplasia   
   (e)     Hypophosphataemic rickets, X-linked 

dominant vitamin D-resistant rickets          

    Nonsyndromic Dentin Defects: 
Dentinogenesis Imperfecta 
and Dentin Dysplasia 

    Defi nition 

 Dentinogenesis imperfecta (DGI) and dentin 
 dysplasia (DD) are inherited conditions in which 
abnormal dentin structure and composition affect 
either the primary or both the primary and sec-
ondary dentitions. With the exception of DD 
type I, these conditions are inherited as autoso-
mal dominant traits. De novo mutations in the 
 DSPP  gene that causes these conditions have 
been reported but occur very rarely, so in most 
instances there will be a positive family history. 
New mutations do occur frequently in the genes 
that code for type I collagen, so clinicians should 
be highly suspicious that an individual with an 
apparent sporadic case of DGI also has OI.  

    Epidemiology 

 The incidence of nonsyndromic DGI is reported 
to be 1 in 6,000 to 1 in 8,000, while that of DD 
type I is 1 in 100,000 [ 2 ].  

    Classifi cation 

 The most familiar classifi cation system of DGI 
and DD is that of Shields 1973 [ 3 ] where DGI is 
divided into three types (DGI-I, GDI-II and DGI- 
III) and DD into two types (DD-I, DD-II). This 
classifi cation is widely used, but does not always 
encompass the range of clinical and radiographic 
features that can be seen within these groups of 
defects. This classifi cation system does not take 
into account the molecular basis of these condi-
tions, and it is now known that DGI types II and III 
as well as DD type II are all caused by mutations 
in the  DSPP  gene. As will be discussed, there are 

differences in the OMIM and Shields classifi ca-
tions for DGI adding further confusion to the 
nomenclature for hereditary dentin disorders. The 
clinical and radiographic features of patients from 
the Brandywine isolate (DGI-III) showed bulbous 
crowns with cervical constriction similar to DGI-II 
[ 4 ]; however, they also showed enlarged pulp 
chambers that became completely obliterated with 
time. Another case of DGI-III was shown to have 
odontodysplastic features [ 5 ]. DGI-III thus repre-
sents a slight phenotypic variant of DGI-II and is 
managed clinically in a similar manner. 

 While DD-II, DGI-II and DGI-III show some 
variability in their clinical phenotype, they are 
allelic, and different individuals from the same 
kindred had been found to have different clinical 
features [ 6 ] further suggesting these conditions 
are variants of the same condition [ 6 ]. 

 The most current Online Mendelian 
Inheritance in Man (OMIM) database classifi ca-
tion excludes DGI with osteogenesis imperfecta 
as one of the types of DGI, and therefore, Shields’ 
DGI-II is now DGI-I (MIM 125490), Shields’ 
DGI-III is now DGI-II (MIM 125500), and 
Shields’ DD-I and DD-II remained the same 
(MIM 125400 and MIM 125420, respectively). 

 Despite this change in classifi cation of DGI 
and DD, the Shields’ classifi cation remains the 
most widely known classifi cation and therefore 
will be used in this chapter.  

    Clinical Presentation [ 2 ,  3 ,  7 ] 

    Dentinogenesis Imperfecta 
(Shields Type I – OMIM 166200, 166210) 
 This DGI type is associated with various forms of 
the syndrome osteogenesis imperfecta (OI – 
 brittle bone disease). This is usually a result of 
mutations in one of the two collagen type 1 genes 
( COL1A1  and  COL1A2 ) although OI is caused 
by mutations in a variety of genes associated with 
collagen and fi brillogenesis. 

  Clinical presentation 
 The clinical presentation of DGI type I is highly 
variable, and only about 30 % of individuals with 
OI will have a DGI phenotype. The primary and 
permanent teeth are amber and translucent with 
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the permanent teeth tending to be less affected 
compared with the primary dentition. The struc-
tural defect of the dentin and its decreased level 
of mineralisation frequently lead to enamel 
 fracturing, which is then followed by signifi cant 
attrition of the underlying soft dentin. It has often 
been claimed that this is associated with a smooth 
enamel dentin junction; however, some studies 
demonstrated that this was not the case, and 
enamel loss most likely occurs secondary to the 
abnormal physical properties of the abnormal 
dentin.  

  Radiographical presentation 
 The teeth can have short, narrow roots with 
pulpal obliteration occurring either before or just 
after eruption. This is not always the case as some 
teeth show total pulpal obliteration, while others 
appear normal. In rare cases the pulp chambers 
may be enlarged and subsequently undergo pulp 
canal obliteration.   

    Dentinogenesis Imperfecta Type II 
(Shields Type II – OMIM # 125490) (Fig.  7.1 ) 
    This is the isolated nonsyndromic type of DGI 
and is caused by mutations in the  DSPP  gene. 
The  DSPP  gene codes for the most abundant of 
the non-collagenous proteins in dentin. 

  Clinical presentation 
 The dental features of this type are similar to 
those of DGI-I, but penetrance is virtually 
 complete (normal teeth are never found). There 
might be some variation in the severity of the 
condition between different members of the 
same family and individual teeth in the same 
patient. In addition, the crowns are typically 
 bulbous with marked cervical constriction. 
The teeth tend to be clinically smaller than 
 unaffected teeth.  

  Radiographical presentation 
 Similar to DGI-I.   

    Dentinogenesis Imperfecta 
(Shields Type III) 
 This is also known as the Brandywine isolate 
type as it was fi rst described in a triracial popula-
tion from Maryland and Washington DC. 

  Clinical presentation 
 This type has variable expressivity with clinical 
features sometimes resembling those of DGI-I 
and type II.  

  Radiographical presentation 
 The primary teeth appear hollow radiographi-
cally due to the lack of dentin formation and 
very large pulp chambers. As a result of the 
large pulp chambers, enamel fracturing and 
rapid dentin wear, these teeth develop multiple 
pulp exposures and are prone to abscess 
formation.   

    Dentin Dysplasia (Shields Type I – OMIM) 

  Clinical presentation 
 The dental crowns in DD-I appear generally nor-
mal in shape, form and colour. However, the den-
tin has a pathognomic cascading waterfall 
histological appearance in thin sections, and the 
root form is abnormal to varying degrees. The 
teeth often are displaced or malaligned and have 
increased mobility. These teeth have an increased 
risk for developing periapical abscesses in the 
absence of dental caries or other aetiological 
factors.  

  Radiographical presentation 
 The roots can be sharp with conical, apical con-
strictions or have extremely short blunt roots. 
Pre-eruptive pulpal obliteration occurs in both 
the primary and permanent teeth. Pulpal oblitera-
tion is usually complete in the primary teeth; 
however, it is often only partial in the permanent 
dentition (crescent-shaped pulpal remnant paral-
lel to the cementoenamel junction). Numerous 
periapical radiolucencies are often seen in non- 
carious teeth (Fig.  7.2 ).    

    Dentin Dysplasia (Shields Type II – 
OMIM 125420) 

  Clinical presentation 
 The features seen in the deciduous dentition 
resemble those observed in DGI-II; however, the 
permanent dentition is either unaffected or shows 
mild radiographic abnormalities and can have 
slight colour changes.  
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  Fig. 7.1    Photographs and an OPG of a patient with type 
II dentinogenesis imperfecta showing amber primary and 
permanent teeth with tooth surface loss (enamel fracture 

and attrition of underlying dentin). The OPT shows short, 
narrow roots with pulpal obliteration of the primary teeth 
and the fi rst permanent molars       

  Fig. 7.2    This individual 
with DD type I has 
complete obliteration of all 
the pulp chambers that is 
seen to be occurring even 
in the unerupted third 
molars. The roots are short, 
and the mandibular right 
fi rst permanent molar has 
developed periapical 
pathology       
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  Radiographical presentation 
 Thistle-tube deformity of the pulp chamber of the 
permanent teeth and frequent pulp stones.    

    Molecular Aetiology 

 The organic component of dentin is composed 
predominantly of type I collagen (85 %) and non- 
collagenous protein mainly dentin phosphopro-
tein (50 %). Numerous genes are involved in 
regulating the production of the complex dentinal 
extracellular matrix which eventually mineralises 
in a highly controlled way. 

 Type I collagen is the product of  COL1A1  and 
 COL1A2  genes, while dentin phosphoprotein and 
dentin sialoprotein ( DSPP ) are products of the 
 DSPP  gene. There are known to be hundreds of 
different mutations in  COL1A1  and  COL1A2  
genes that are associated with osteogenesis 
imperfecta; however, only some of the collagen 
mutations result in dentinogenesis imperfecta. 
Mutations in either type 1 collagen genes or the 
 DSPP  gene can alter the essential interactions 
between these proteins resulting in abnormal 
mineralisation and a DI dental phenotype.   

    Syndromic Dentin Defects 

    Osteogenesis Imperfecta 

 This condition is usually a result of mutations in 
one of the two collagen type 1 genes ( COL1A1  
and  COL1A2 ). This condition is transmitted as an 
autosomal dominant or autosomal recessive trait, 
and there are multiple types of OI. The most 
common classifi cation [ 8 ] lists four subtypes, but 
there are now over ten listed on OMIM. The 
severity varies markedly between different indi-
viduals and families. These OI conditions are 
characterised by bone fragility, blue sclera, deaf-
ness mainly at third decade of life and lax liga-
ments (hypermobility of joints). In severe cases, 
there can be marked bony deformities, including 
scoliosis, compression fractions of the vertebrae 
and ribs, short stature, frontal bossing and other 
manifestations. Dentinogenesis imperfecta can 
be a manifestation of osteogenesis imperfecta. 

 Many individuals with severe forms of OI will 
be treated with intravenous bisphosphonate treat-
ments to try and improve bone density and 
decrease the risk of fractures. While IV bisphos-
phonate treatment has been associated with bone 
necrosis following dental extractions, there have 
not been cases of this problem reported in OI 
patients.  

    Ehlers-Danlos Syndrome (EDS) 

 Ehlers-Danlos syndrome is the most common of 
the heritable connective tissue disorders. It consists 
of nine major variants with inheritance patterns of 
either autosomal dominant or recessive, depending 
on the type. The clinical manifestations in the dif-
ferent EDS conditions result from defects in the 
synthesis, secretion or polymerisation of collagen. 
The main features of EDS include tissue fragility, 
skin extensibility and joint hypermobility. 

 Defective dentinogenesis affecting the man-
dibular incisors was reported in some EDS type I 
where aplasia or hypoplasia of root development, 
bulbous enlargement of the roots and pulp stones 
were reported [ 9 ]. Others reported dental features 
such as dysplastic dentin and obliterated pulp 
chambers [ 10 ]. 

 EDS type VIII (OMIM # 130080) is associ-
ated with severe early-onset periodontitis that is 
managed with aggressive local debridement and 
antibiotic therapy.  

    Goldblatt Syndrome 
(OMIM # 184260) 

 Goldblatt syndrome, also known as spondylome-
taphyseal dysplasia, is characterised by joint lax-
ity, mesomelic limb shortening and DGI. The 
deciduous teeth display typical features of DGI, 
but the permanent teeth appear normal [ 11 ].  

    Schimke Immuno-Osseous Dysplasia 
(OMIM # 242900) 

 Schimke immuno-osseous dysplasia is an autoso-
mal recessive disorder caused by mutations in the 
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 SMARCAL1  gene. It is characterised by a combi-
nation of spondyloepiphyseal dysplasia, progres-
sive renal disease and lymphopenia with defective 
cellular immunity [ 11 ]. Patients with this condi-
tion were also reported to have dental features of 
DGI, such as a grey-yellowish discoloration of 
the dentin, bulbous crowns with a marked cervi-
cal constriction and small or obliterated pulp 
chambers [ 11 ].  

    Hypophosphataemic Rickets, 
X-Linked Dominant Vitamin 
D-Resistant Rickets (OMIM # 307800) 

 X-linked dominant hypophosphataemic rickets is 
one of the types of rickets where patients have 
bone deformities, short stature and hypophospha-
taemia. Hypophosphataemia is the result of 
mutations in the phosphate-regulating gene on 
the X chromosome that results in renal wasting of 
phosphorus at the proximal tubule level. These 
patients, therefore, are characterised by low renal 
phosphate reabsorption, normal serum calcium 
level with hypocalciuria, normal or low serum 
level of vitamin D (1,25(OH)2D3, or calcitriol), 
normal serum level of PTH and increased activity 
of serum alkaline phosphatases [ 7 ,  12 ]. 

 Dentally, the dentine is the most markedly 
affected tissue in these patients. They present 
clinically with dental abscesses in the absence 
of caries, radiographically with larger pulp 
chambers and elongated pulp horns and 
 histopathologically with interglobular dentine. 
Dental attrition can lead to exposure of the large 
pulp horns causing loss of vitality and abscesses 
[ 7 ,  13 ].   

    Management of Defects in Dentin 
Formation 

 The management of individuals with defects of 
dentin can be challenging from both diagnostic and 
treatment perspectives. Obtaining the diagnosis is 
based on careful evaluation of the family history, 
clinical manifestations and radiographic appear-
ance. A genetics consultation should be considered 

for dentin defects that appear to be hereditary. 
Management often requires immediate-, short- and 
long-term planning. The long- term management of 
these patients usually requires an interdisciplinary 
approach starting in the primary/early mixed 
dentition. 

 Patients with dentinal defects of primary teeth 
often present at a young age with parents wanting 
immediate treatment to improve the child’s 
appearance or because the teeth are beginning to 
develop abscesses. However, it is important to 
make a treatment plan which will encompass a 
stepwise approach that includes a vision to help 
achieve the short-, medium- and long-term treat-
ment goals of a functional and aesthetic denti-
tion. Children with dentinal defects often require 
several interventions throughout their primary, 
mixed and possibly permanent dentition stages. 
Should general anaesthesia (GA) be required to 
provide extensive restorative/surgical treatments, 
it is crucial to plan and provide the necessary 
management in a timely manner so that the least 
number of GAs are required throughout the 
child’s life. 

 The goals of oral health management, espe-
cially at the primary dentition stage, include the 
following:
    1.    Obtaining a diagnosis of the condition if it is 

unknown   
   2.    Prevention and maintenance of good oral 

hygiene   
   3.    Desensitisation and pain management of 

affected teeth (if required)   
   4.    Restorative management (aesthetic manage-

ment and stabilisation of affected teeth)   
   5.    Behaviour management to help children man-

age the dental care they need     

    General Management 

    Need for Early Detection 
 Early detection of tooth structural defects such 
as DGI, DD and amelogenesis imperfecta is of 
great importance for multiple reasons. These 
conditions can be associated with other more 
serious conditions such as osteogenesis imper-
fecta and vitamin D defi ciency which would 
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allow early detection of these conditions. 
Additionally, some of these conditions are asso-
ciated with tooth surface, possible pulp expo-
sure or periapical infections, therefore; early 
detection would allow close monitoring of these 
cases and early intervention and prevention 
where needed. 

 Care should be taken not to confuse these 
cases with other conditions with similar clinical 
presentation such as [ 2 ]:
    1.    Amelogenesis imperfecta where enamel 

defects causes enamel loss and exposure of 
underlying dentin (Fig.  7.3 )    

   2.    Intrinsic discolouration resembling amber/
translucent colour:
    (a)    Red-brown discolouration due to haemo-

lytic anaemia such as congenital erythropoi-
etic porphyria and rhesus incompatibility   

   (b)    Yellow or grey to brown discolouration 
such as tetracycline stain   

   (c)    Green discolouration: Hyperbilirubinaemia 
such as in cases of congenital biliary atre-
sia (Fig.  7.4 ), acute liver failure and biliary 
hypoplasia        

   3.    Mobility leading to early tooth loss resem-
bling teeth lost in DGI-III and DD-I due to 
periapical abscesses and short roots such as: 
     (a)    Hypophosphatasia   
   (b)    Immunological defi ciencies, e.g. severe 

 congenital neutropenia, cyclic neutropae-
nia, Chediak-Higashi syndrome, neutro-
paenias, histiocytosis X, Papillon-Lefevre 
syndrome and leucocyte adhesion 
 defi ciency syndrome        

      Assessment of Medical History 
 A medical history should aim to establish if the 
dental condition is a ‘syndromic’ form of DGI as 
this is a variable feature of a number of heritable 
conditions as discussed previously. For instance, 

  Fig. 7.3    Photograph of a patient with hypomineralised 
amelogenesis imperfecta with amber upper and lower 
anterior primary teeth. OPT showed no difference in 

radiodensity of enamel and dentin on all anterior teeth and 
all Ds in addition to reduced radiopacity of the enamel on 
posterior teeth suggestive of amelogenesis imperfecta       
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patients with DGI should be checked for history 
of bone fractures with minimal trauma, joint 
hyperextensibility, short stature, hearing loss and 
scleral hue in order to help exclude osteogenesis 
imperfecta. This is especially important in what 
appear to be sporadic cases of DGI that have no 
family history. 

 This is important as the overall dental man-
agement of these patients should take into 
account other associated medical conditions such 
as OI, hypophosphataemic rickets, EDS, etc. For 
instance, patients with EDS can have different 
complications depending on the type of EDS 
such as fragile skin tissues, structural heart 
defects, poor wound healing, hypermobility of 
the joints and fragile blood vessels. It is therefore 
important to liaise carefully with the patient’s 
physician in order to determine the exact type 
and the associated risks prior to arranging any 
dental treatments. 

 Patients with OI and hypophosphataemic rick-
ets are susceptible to bone fractures, and there-
fore, physical restraint is contraindicated in these 
patients. In addition, manual handling of these 
patients under GA should be performed with 
extreme care. 

 Furthermore, over the last decade bisphospho-
nates are being increasingly used in children and 
adolescents especially for the management of 
OI. Although bisphosphonates are well tolerated, 
concerns exist regarding bisphosphonate-related 
osteonecrosis of the jaw or BRONJ. BRONJ has 
been defi ned as ‘a condition of exposed bone in 

the mandible or maxilla that persists for more than 
8 weeks in a patient who has taken or currently is 
taking a bisphosphonate and who has no history of 
radiation therapy to the jaw’ [ 14 ]. Trauma, either 
surgical or from a prosthesis in patients taking 
bisphosphonates, is the key factor causing the con-
dition. Oral bisphosphonates are seldom associ-
ated with BRONJ, and it is the intravenous use that 
remains a concern for this condition. 

 Although there have been no cases of 
BRONJ reported in children or adolescents, in 
addition to reports showing no development of 
BRONJ in children receiving bisphosphonates 
following surgical interventions [ 14 ], it is 
imperative that clinicians should liaise with 
their medical colleagues in the management of 
these patients. Although there are no available 
evidence-based guidelines for the management 
of children and adolescents, the following 
should be considered in the management of 
these patients [ 14 ]. 

  Prior to using bisphosphonates children 
should receive the following :
    1.    Comprehensive clinical and radiographic den-

tal assessment aimed at the elimination of any 
foci of oral infection.   

   2.    Rigorous preventive programme to prevent 
further caries and obviate the need for any sur-
gical intervention.   

   3.    No elective surgical procedures. Such pro-
cedures should be deferred for as long as 
 practically possible after completion of 
bisphos phonate treatment.    

  Fig. 7.4    Photographs of a patient with biliary atresia showing green discolouration of primary and permanent teeth due 
to hyperbilirubinaemia       
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   During a course of bisphosphonates :
    1.    Delay any surgical intervention as long as 

possible from the last bisphosphonate 
infusion.   

   2.    Use 0.12 % chlorhexidine gluconate mouth 
rinse and local antiseptic measures before and 
after surgery.   

   3.    Surgical intervention should be as conserva-
tive as possible, and a healing period of 
3 weeks should be allowed prior to the next 
bisphosphonate infusion.   

   4.    Extraction sockets or surgical wounds should 
be sutured wherever possible.   

   5.    Prophylactic antibiotics should only be con-
sidered for those children deemed to be at 
highest risk for BRONJ, such as immune- 
compromised children.   

   6.    Close monitoring of the surgical site for up to 
12 months postoperatively.    

      Genetic Counselling 
 A family history should establish which other 
members are affected and allow a pedigree to be 
completed. Dentinogenesis imperfecta and den-
tinal dysplasia are inherited in an autosomal 
dominant fashion; therefore, there is a 50 % 
chance the offspring of an affected individual 
will be affected. There can also be male to male 
transmission of the condition which does not 
occur in X-linked conditions like X-linked vita-
min D-resistant rickets (OMIM # 307800). 
Achieving a diagnosis is predicated on sound 
clinical fi ndings, and then genetic counselling 
can be useful where there is doubt of the type of 
dentinal defect and where confi rmation of asso-
ciation with other syndromes is suspected.  

    Prevention 
 Although caries is typically not a major issue in 
these patients (the teeth often wear down faster 
than they can become carious), prevention is para-
mount to prevent caries from adding to existing 
problems. Enamel loss especially in DGI-I and II 
can lead to dentin exposure. This can lead to tooth 
sensitivity and increases the patients’ caries risk. 
Therefore, treatment planning should fi rstly focus 
on prevention including effective oral hygiene 
instruction using soft brushes, optimising fl uoride 

exposure both at home and with regular 
 professional application, diet advice and fi ssure 
sealant application or temporary restorations 
where appropriate. A guide is given in the UK 
Department of Health and British Association for 
the Study of Community Dentistry Toolkit [ 15 ]. 
Comprehensive dietary analysis and advice are 
essential from both caries and tooth surface loss 
perspectives. This will involve identifying fer-
mentable carbohydrates and acidic foods and bev-
erages in the diet and advising on their reduction 
to minimise damage.  

    Reducing Sensitivity 
 Patients with exposed dentin can develop sensi-
tivity associated with cold and hot food and 
drinks. This sensitivity can make restorative 
interventions, especially with adhesive materials 
even more challenging. Some of the suggested 
methods for desensitisation include the use of 
topical fl uoride preparations, in particular fl uo-
ride varnishes, such as Duraphat® 22,600 ppm F 
(Colgate Oral Care) or 3 M Espe fl uoride varnish 
with tricalcium phosphate. 

 More recently a combination of casein phos-
phopeptide and amorphous calcium phosphate 
(CPP-ACP – GC Tooth Mousse/MI Paste) with 
and without fl uoride has also been advocated to 
help decrease sensitivity. CPP-ACP helps create, 
stabilise and deposit a super saturated solution of 
calcium and phosphate at the enamel surface. 
Therefore, it has been suggested that home appli-
cation of a CPP-ACP containing cream especially 
when combined with fl uoride use will help rem-
ineralise and desensitise by acting as a source of 
bioavailable calcium and phosphate. Other topi-
cal fl uorides may also be useful; amongst these 
are stannous fl uoride gels, such as Gel-Kam® 
1,000 ppm F (Colgate Oral Care) or OMNI Gel 
0.4 %/1,000 ppmF (3 M). There has also been a 
suggestion that desensitising toothpastes may 
help with some of these teeth. For example, 
toothpastes containing NovaMin have been clini-
cally shown to help reduce dental sensitivity 
associated with exposed dentin. However, none 
of the available products are always effective, 
and clinicians should consider using products in 
combination or trying different products in an 
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attempt to alleviate patients’ symptoms. In severe 
cases of dental sensitivity due to exposed dentin, 
full coverage crowns will often be the treatment 
of choice.  

    Pain and Anxiety Management 
 Pain management in children is an integral part 
of good paediatric dentistry. Both the technique 
and choice of local analgesia are important for 
the provision of high quality, effective restora-
tions in children, particularly if they are to last for 
the lifetime of the primary teeth (up to 8 years). 

   Behaviour Management 
 Children with dentinal defects often present for 
treatment at a young age and with the expected 
age-appropriate levels of anxiety. This is espe-
cially true in cases where the defect is associated 
with sensitivity or where previous treatment has 
been attempted without appropriate pain control 
or behaviour management. If such defects are 
suspected, especially when associated with sensi-
tivity, it is important not to air dry these teeth dur-
ing examination but to dry them gently with 
cotton pellet. 

 Managing young children requires empathy 
and knowledge of behaviour management tech-
niques for children. Many paediatric dentistry 
textbooks cover useful techniques for helping 
children cope with restorative care. In the centre 
of all the techniques is ‘tell, show and do’ which 
will allow most children to be able to cooperate 
for restorative care when it is presented in 
 age- appropriate language and demonstration. 
This of course takes a little extra time but is time 
well spent in preparing a child for more complex 
care as they grow older.  

   Local Analgesia 
 For children who have been sensitised to previ-
ous invasive dental treatment, in particular local 
analgesia, the use of computer-controlled anaes-
thesia (such as the WAND and the WAND STA – 
Controlled Dental Anaesthesia, Dental Practice 
Systems, Welwyn, Herts, UK) can be an excel-
lent way to administer local analgesia. The 
WAND provides several advantages over con-
ventional syringes including the fact that it does 

not look like a conventional syringe; the fi ne 
bevel of the needle and the slow speed with 
which the local analgesic solution can be admin-
istered make it a simple way to deliver painless 
local analgesia. Some researchers found the 
WAND to signifi cantly reduce disruptive behav-
iours during the initial 15 s of the injection [ 16 ]; 
however, others showed no difference in the pain 
or anxiety experienced by the children between 
the WAND and the traditional local analgesic 
techniques [ 17 ]. 

 The use of 4 % articaine should be considered 
in managing older children especially where 
there is a history of failed local analgesia. For 
children over 4 years of age who are extremely 
wary of local analgesia, infi ltration with 4 % 
articaine in the lower arch as opposed to an infe-
rior dental block may provide adequate analgesia 
for restorations to be placed [ 18 ]. It is also impor-
tant to make use of topical anaesthesia. The pre- 
emptive use of systemic analgesics (in accordance 
with local guidelines) can also be an effective 
way of helping children cope with care 
successfully.  

   Sedation 
 In extremely apprehensive children who are oth-
erwise cooperative, the use of inhalation sedation 
should be considered. This form of sedation has 
the particular benefi t of having an analgesic 
effect which lessens the child’s response to pain-
ful stimuli. Hence for children whose apprehen-
sion is due to sensitive teeth that have been 
previously treated without effective local analge-
sia, inhalation sedation with nitrous oxide and 
oxygen provides a safe, effective and a non- 
invasive method for managing the child’s anxiety 
[ 19 ]. Other forms of sedation can be utilised 
according to local guidelines and clinicians’ 
usual practice.  

   General Anaesthesia 
 Children with severe dentinal defects often pres-
ent before they are old enough to cope with 
restorative dentistry; therefore, the use of gen-
eral anaesthesia is effective and valid for this 
group. Clinicians treating children with severe 
dentinal defects especially those with sensitive 
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teeth or those with bad dental experience should 
consider the early use of general anaesthesia to 
allow effective successful stabilisation of the pri-
mary teeth. Previous studies of treatment under 
general anaesthesia have shown good outcomes 
with decrease in the numbers of repeat restora-
tions [ 20 ].    

    Management of Primary Teeth 
with Dentinal Defects 

 The aims of management of primary dentition in 
patients with dentinal defects include maintaining 
dental health, function and vertical dimension, 
preserving tooth vitality, improving aesthetic 
appearance in order to prevent psychological prob-
lems and establishing rapport with the patient and 
the patient’s family early in the treatment [ 21 ]. 

 The decision to restore primary teeth with 
dentinal defects depends on several factors:
    1.    Type of dentinal defect. DGI usually affects 

both primary and permanent teeth; however, 
the effect is usually less severe in permanent 
teeth evident by tooth surface loss [ 22 ]. DGI- 
III is associated with early pulp exposures 
leading to loss of vitality; therefore, early full 
coverage might be advisable. DD-I is associ-
ated with short rooted primary teeth leading to 
tooth mobility, and there is no specifi c treat-
ment for this condition.   

   2.    Extent and severity of the defects. Some cases 
might involve signifi cant tooth surface loss, 
which will suggest that more radical restor-
ative/extraction options can be considered.   

   3.    Associated symptoms. In cases of severe sen-
sitivity, full coverage should be considered.   

   4.    Aesthetics with possible psychological effects 
on the child. The psychological impact of 
these conditions in children should never be 
underestimated. Aesthetic management 
should be offered as soon as the child and the 
parents wish to have this carried out.   

   5.    Patient cooperation and the method of treat-
ment. In children who cannot cope with treat-
ment under local analgesia, alternative 
strategies such as sedation or general anaes-
thesia should be considered.     

    Interim Restorations 
 In some cases it may be appropriate to place 
interim therapeutic restorations to immediately 
alleviate pain and sensitivity and to prevent further 
tooth wear while awaiting more defi nitive restor-
ative treatment. The provision of these interim res-
torations also allows the clinician to establish a 
rapport with the child and assist in behaviour man-
agement. Materials such as resin- modifi ed glass 
ionomer can be useful as these materials incorpo-
rate appropriate bonding for both enamel and any 
exposed dentin. Some of the materials also incor-
porate a colour that allows good visualisation of 
the extent of the restoration on the tooth surface, 
e.g. Fuji VII/Triage (GC Corporation). The release 
of fl uoride from these materials, although not 
proven to be a major factor, may also help to 
reduce sensitivity by encouraging further miner-
alisation of the surrounding enamel. 

 Compomer materials (polyacid-modifi ed 
composite) might also be considered and can be 
placed using self-etching primers. These materi-
als have the advantage of being more wear resis-
tant than glass ionomer cement-based materials 
and have dual-bonding technology, which may 
seal both enamel and dentin effectively especially 
when further sealed with adhesive resin or fi ssure 
sealant following placement.  

    Longer-Term Restorations 
   Composite Resin Restorations 
 Composite veneers placed at the chairside should 
be considered for the restoration of primary ante-
rior teeth [ 21 ]. 

 In posterior teeth, composite resin should be 
considered in cases where enamel loss:
•    Does not involve cusp tips.  
•   There is no signifi cant tooth wear or sensitivity.  
•   Margins of the defects are supragingival.     

   Preformed Crowns 
 Full coverage with either stainless steel or other 
aesthetic preformed crowns should be considered 
in cases where:
•    The defect involves multiple surfaces.  
•   There is signifi cant tooth wear and sensitivity.  
•   There is involvement of the cusp tips in poste-

rior teeth.  
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•   Severe enamel chipping and exposed dentin.  
•   Treatment has to be carried out under general 

anaesthesia, and the child is unlikely to man-
age restorative care in the immediate future.    
 While preformed metal crowns (stainless steel 

crowns) are a well-recognised option for the 
treatment of carious primary molars, they also 
have an important role in the management of 
patients with dentin defects affecting the primary 
molars (Fig.  7.5 ). Placement of stainless steel 
crowns requires minimal tooth preparation. They 
are less bulky than the white preformed crowns 
that may suffer wear and chipping of the veneer.  

 More recently for very young children, a 
technique, known as the ‘Hall Technique’, has 
been described in which stainless steel crowns 
are placed with no preparation [ 23 ]. While this 
technique is promoted for children presenting 
with dental caries, anecdotal reports suggest 
using this technique to place stainless steel 
crowns over primary fi rst and second molars 

soon after enamel loss is evident is a successful 
way of managing these teeth. Furthermore 
adopting this technique means that young chil-
dren can be treated, without resorting to general 
anaesthesia, early in the dental chair without 
local analgesia. Full coverage crowns should be 
considered in young patients once enamel begins 
to fracture from the teeth as this will often lead 
to the rapid attrition and potential loss of the 
dentition. Long-term studies of the use of stain-
less steel crowns for carious teeth would suggest 
that crowns placed over teeth with dentinal 
defects have advantages over other restorative 
materials [ 24 ]:
    1.    Perform better where more than two surfaces 

are affected.   
   2.    Less tooth removal is required.   
   3.    Failure rate is much less than other restorative 

materials.   
   4.    Moisture control is less critical than when 

restoring with other materials.   

a b

c d

  Fig. 7.5    Photographs of a patient with DGI-II (preop-
erative photos in Fig.  7.1 ) ( a ,  b ) following restoration of 
anterior teeth using composite resin restoration, pre-
formed metal crowns on primary molars and fi ssure 

sealants in fi rst permanent molars. ( c ,  d ) Several months 
following treatment showing further eruption of ante-
rior teeth and need for further restoration with compos-
ite resin       
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   5.    Placement is less time consuming than resin 
restorations.   

   6.    Are more cost-effective as shown by the out-
comes over time.   

   7.    Could be used in very young children without 
the need for a general anaesthesia.    

     Extraction of Primary Teeth with DDE 
 In some cases, extractions of severely affected 
teeth may be required. This should be done with 
evaluation of the space requirements in the devel-
oping dentition. In children where multiple teeth 
are affected and extractions are required, an inter-
disciplinary approach involving an orthodontist 
should be considered to optimise development of 
the permanent dentition occlusion. Wherever 
possible, preventive and restorative approaches 
should be the preferred option as this always 
gives the child and their family a positive dental 
health message, where preservation of teeth is 
considered important.     

    Management of Permanent Teeth 

 The principles for the management of the perma-
nent dentition are generally similar to those when 
restoring the primary teeth. Fortunately in most 
cases of DGI, the permanent teeth seem to be less 
susceptible to rapid tooth wear compared with the 
primary dentition (Fig.  7.6 ). However, the situa-
tion should be monitored closely by regular 
reviews as once the enamel chips off tooth wear 

can follow rapidly. Intracoronal restorations in 
permanent teeth that demonstrate enamel fractur-
ing and wear tend not to be as reliable and long-
lived as stainless steel crowns.  Ultimately aesthetic 
crowns such as zirconium, porcelain fused to 
metal or other materials may be indicated.  

    Management of Permanent Anterior 
Teeth in Children and Adolescents 

 In the author’s opinion the aesthetic aspirations 
of the child and family should be carefully 
weighed against considering the risk-benefi t of 
an invasive approach. Any restoration that 
might compromise the pulpal integrity of the 
tooth should never be considered before the age 
of 16–17. Modern composites allow the provi-
sion of acceptable aesthetic restorations in the 
developing child and the family’s aesthetic 
demands although understandable should be 
carefully discussed. Inevitably composite resto-
rations have to be replaced several times during 
the period of growth and development. Also, 
many children with this condition need con-
stant support to maintain their oral hygiene, 
especially if the defects are associated with 
sensitivity. However, composites even if 
required to be placed often are a better option 
than laboratory-formed restorations which 
would need extensive tooth preparation of ante-
rior teeth and therefore should seldom be con-
sidered in this age group. If the teeth are 
markedly discoloured, the use of opaque resins 
will aid in masking the discoloration. The use 
of opaque resins is especially helpful in the cer-
vical area where the resin will be thinner. 
Traditional translucent resins tend to have 
 signifi cant shine- through and will not provide 
optimal aesthetic results for teeth with dark 
yellow-brown or blue- grey colouration.  

    Management of Permanent Posterior 
Teeth in Children and Adolescents 

 If full coverage is considered appropriate, the use 
of permanent molar stainless steel crowns should 

  Fig. 7.6    DGI-II showing minimal tooth wear in the per-
manent teeth. These teeth often do well in the long term 
but need careful monitoring       
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be considered. Although, this is the least aes-
thetic option, the longevity and ease of placement 
make this an ideal way to obtain full coverage 
(Fig.  7.6 ). 

 There are also several options which do not 
require extensive tooth preparation and in some 
cases no tooth preparation at all. For premolars 
lab-formed dentin-bonded crowns, made from 
composite resin, can sometimes be considered. 
These require minimal tooth preparation and can 
be bonded to the tooth with composite resin. 
These can provide excellent aesthetic results 
while also providing protection against tooth 
wear (Fig.  7.7 ).  

 For the fi rst and second permanent molars, 
 lab-formed gold onlays with sandblasted bond-
ing surfaces can be used (Fig.  7.8 ). These also 

require minimal tooth preparation and can be 
fi nished at the contact point proximally. 
Sandblasted internal surface provides excellent 
retention when these crowns are cemented with a 
suitable material such as Panavia F 2.0  (Kuraray 
America, Inc, New York, USA)    

    Summary 

 Individuals with generalised dentin defects not 
only require professional technical expertise but 
also our empathy and understanding of growth 
and development. Immediate- and short-term res-
torations aimed at improving aesthetics and pro-
tecting teeth against tooth wear should be 
followed by careful long-term treatment plan-
ning, often requiring interdisciplinary approach. 
Transition from paediatric dentistry to adult 
restorative care should also be meticulously 
planned and carried out. By following the basic 
principles of good restorative care, and growth 
and development, dentists can make an important 
contribution to the quality of life of children who 
are unfortunate enough to manifest these defects.     
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    Abstract  

  Orofacial clefts (OFCs) are common and treatable birth defects. The etiol-
ogies of facial clefts include hereditary, environmental, and multifactorial 
causes. The role of dentistry in treating individuals with cleft and cranio-
facial anomalies is to provide comprehensive preventative and therapeu-
tic oral health care. The diversity of surgical and complexity habilitating 
individuals with facial clefts often necessitates that the dentist work with 
a team of experts. The use of different services and interventions and their 
timing are critical to achieve optimal health outcomes in cleft patients. 
Management of patients from birth to adulthood will be presented and 
discussed with the main goal to provide the best care and improve the 
quality of their lives.  

  8      Management of Patients 
with Orofacial Clefts 

           Luiz     Pimenta    

        Introduction 

 Orofacial clefts are congenital malformations are 
characterized by incomplete formation of struc-
tures involving the nasal and oral cavities: the lip, 
alveolus, and hard and soft palate. OFCs vary in 
size, ranging from a defect of the soft palate or 
lip only to a complete cleft that extends through 
the bone (alveolus and hard palate). Since the 
development and fusion of the lips and the  palate 

occurs at different times, the child could pres-
ent with a cleft lip only, cleft palate only, or the 
combination of both, resulting in different varia-
tions of OFCs such as (a) cleft lip also known 
as cheiloschisis, (b) cleft palate or palatoschisis, 
(c) cleft lip and palate or cheilopalatoschisis, and 
submucous cleft palate. 

 Oral cleft is a defect during the development 
of the frontonasal process where the nose, supe-
rior lip, maxilla, and primary palate take origin; 
another possibility for the occurrence of a cleft is 
the defect of the fusion of the frontonasal process 
with the two maxillary processes. These anoma-
lies have their origin at the neural tube. 

 The pathogenesis of cleft lip and cleft pal-
ate is complex; the most widely accepted model 
is the multifactorial inheritance [ 1 ], according 
to which this pathology is connected to the 
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 interaction of genetic and environmental fac-
tors [ 2 ]. Craniofacial defects such as cleft lip 
and cleft palate can occur as an isolated con-
dition or may be one component of an inher-
ited disease or syndrome [ 3 ]. More than half of 
patients with OFCs have other associated con-
genital anomalies [ 4 ]. 

 Oral clefts are associated with chromosomal 
anomalies about 15 % of the time and with mono-
genic etiologies in about 6 % of cases (about 
20 % of cases today are thus known to have 
genetically testable cause). The number of genes 
that have been identifi ed with facial clefting syn-
dromes and isolated clefts continues to increase 
with many listed on OMIM. The search for cleft 
palate in the OMIM data base results in 683 hits 
for conditions and genes associated with cleft 
palate. While many of these conditions do not yet 
have a known genetic defect, our knowledge of 
genes associated with clefting has advanced dra-
matically over the past decade and will continue 
to do so. Some of the genes identifi ed as causing 
cleft palate are also associated with missing teeth 
(e.g.,  MSX1  OMIM #142983) and malformed 
teeth (e.g.,  TP63  OMIM #603273). 

 Orofacial clefts (OFCs) are common and treat-
able birth defects. Nonsyndromic orofacial cleft 
(NSOFC) is the most common congenital malfor-
mation affecting on average about 1 in 500–750 
live newborns annually worldwide [ 5 ]. Isolated 
cleft lip or cleft lip in association with cleft of 
the palate is the second most common congenital 
condition in the USA, with an adjusted preva-
lence of 10.63 per 10,000 live births or 1 in 940 
live births [ 6 ]. 

 It has been shown that the incidence of cleft 
lip, with or without cleft palate, varies depending 
on the ethnicity, and also its prevalence is higher 
in developing countries [ 7 ,  8 ]. The etiology of 
cleft lip and/or palate is still largely unknown. The 
majority of clefts of the lip and palate are believed 
to have a multifactorial etiology with several 
genetic and environmental factors interacting to 
shift the complex process of morphogenesis of the 
primary and secondary palates toward a threshold 
of abnormality at which clefting can occur [ 9 ]. 

 African Americans have a lower preva-
lence rate of CL or CLP when compared to 

Caucasians [ 6 ]. Also, a lower prevalence of 
cleft palate among infants of Hispanic mothers 
has been reported [ 10 ,  11 ], but not supported by 
previous studies [ 12 ]. Cleft lip with or without 
cleft palate has a lower prevalence in infants 
of non-Hispanic Black mothers compared with 
non-Hispanic and HIspanic White mothers 
[ 11 – 14 ]. 

 Risk factors that have been identifi ed with cleft 
palate include maternal behavior (including alco-
hol and tobacco use) [ 15 ,  16 ], nutrition (e.g., vita-
min B6 defi ciency), and multiple environmental 
exposures [ 17 ]. Despite the variability of cause, 
the effect of a cleft palate on  naso- oropharyngeal 
function is similar. The inability to separate the 
naso-oropharyngeal cavities results in feeding 
diffi culties, speech unintelligibility, and maxillary 
growth abnormalities [ 18 ].  

    Multi- and Interdisciplinary Team 
Approach 

 The role of dentistry in treating individuals with 
cleft and craniofacial anomalies is to provide 
comprehensive preventative and therapeutic oral 
health care. 

 Treatment of the OFC patient and other cranio-
facial anomalies is widely regarded as a multi-/
interdisciplinary enterprise that begins even in 
the prenatal stage with family counseling and 
continues days after birth, extending throughout 
life. The average lifetime medical cost per child 
with orofacial cleft is signifi cant, at $100,000 
[ 19 ]. One of the goals of the treatment of patients 
with OFC is to obtain good dental arch relation-
ship and adequate facial growth associated with 
esthetically pleasing face and good speech. For 
achieving these goals, it is important to recognize 
that care of the patient with OFC is complex, 
involving multiple health- care providers, care 
coordinators, institutions, services, and other 
agencies. Traditionally, the treatment of OFC 
patients has relied upon craniofacial and cleft 
teams or centers, sometimes working in coordi-
nation with private practitioners. These centers 
provide a coordinated, inter-/multidisciplinary 
approach generally including experienced and 
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qualifi ed physicians and health- care profession-
als from different specialties, such as surgical 
(plastic and maxillofacial surgeons), ENT, pedi-
atric and general dentists, orthodontists, prosth-
odontists, speech therapists, psychologists, social 
workers, and allied health disciplines. Teams 
have become the standard in assessment and 
treatment of children with craniofacial anoma-
lies like OFC [ 20 – 24 ]. The role of dentistry in 
treating individuals with cleft and craniofacial 
anomalies is the comprehensive preventative and 
therapeutic oral health care. 

 Prenatal diagnosis can be performed at 
13–14 weeks of gestation when the soft tissues of 
the fetal face can be visualized sonographically 
[ 25 ]. Ideally, coronal view and axial planes are 
optimal for visualization of the fetal lip and palate 
in ultrasound images [ 26 ,  27 ]. Three- dimensional 
ultrasound [ 28 ,  29 ] and magnetic resonance imag-
ing [ 30 ] also can provide a clear image of the mal-
formation and may enhance detection of isolated 
cleft palate. Prenatal diagnosis of cleft lip and pal-
ate is a reality today, and in cases of labial clefts 
detected during prenatal period, parents can be 

psychologically prepared before the birth of the 
child. Not only technical preparation regarding 
the birth but also a moral and social preparation of 
the family and friends for the reception of a child 
with an OFC can be arranged. Prenatal prepara-
tion of the parents and family support group can 
help promote earlier acceptance of a child with a 
craniofacial malformation [ 26 ] (Fig.  8.1 ).   

    Management of Newborns 
with OFC 

 Immediately after birth, feeding instructions, 
counseling, diagnosis by a geneticist, and a pedi-
atric consultation should be arranged for the fam-
ily. The newborn will need a hearing test while 
in the hospital, and assessment of the cleft is also 
provided. In the case of wide clefts, lip taping can 
start immediately [ 31 ,  32 ] The American Cleft 
Palate-Craniofacial Association advocates cleft 
repair by 18 months in a normally developing 
infant [ 20 ]. The timing of palatal repair must con-
sider the potential for speech delay if the repair 
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  Fig. 8.1    Scheme of the 
professional structure of a 
multi-/interdisciplinary 
craniofacial team       
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is performed too late against the possible inter-
ference with normal craniofacial growth if per-
formed too early. Certain centers support earlier 
repair to reduce the risk of velopharyngeal insuf-
fi ciency, which has been shown to increase by 
6 % for each month the repair is delayed beyond 
7 months [ 33 ]. Surgical repair is a critical, time- 
sensitive event early in the care of patients with 
cleft palate; palatal integrity is essential during 
the key periods of speech development [ 34 ]. 
Parents of infants with OFC should begin discus-
sions with a pediatric dentist to provide paren-
tal information and support; develop a strategy 
of caries prevention, growth, and development 
monitoring; and consider a referral to an ortho-
dontist for  presurgical infant orthopedics (e.g., 
nasal alveolar molding, NAM) when appropriate.  

    Nasal Alveolar Molding (NAM) 

 Nasal alveolar molding (NAM) is increasingly 
being used for treatment of orofacial cleft nose 
deformity before primary repair [ 35 ]. Nasal 
alveolar molding is used effectively to enable 
tension- free reconstruction of cleft lips and 
reshape the nasal cartilage and mold the max-
illary arch before cleft lip repair and primary 
rhinoplasty. It provides esthetic and functional 
benefi ts of nasal tip and alar symmetry and 
improved dental arch form [ 35 – 37 ]. The con-
ventional NAM protocol includes alignment 
and approximation of the alveolar segments, 
repositioning deformed nasal cartilages, effec-
tive retraction of the protruded premaxilla, and 

lengthening of the defi cient columella to achieve 
surgical soft tissue repair under minimal tension, 
with optimal conditions for minimal scar for-
mation and increased nose symmetry [ 35 – 43 ]. 
NAM has signifi cantly enhanced the ability of 
the interdisciplinary team to improve and main-
tain adequate nasolabial esthetics after the pri-
mary lip/nasal surgery in children with orofacial 
clefts. Infants are evaluated as early as possible, 
ideally within the fi rst 2 weeks of life. 

 After the infant is examined to investigate 
whether any respiratory diffi culties exist and to 
ensure that he/she is in good general health, the 
orthodontist/dentist takes an impression of the 
maxillary arch using an impression tray of acrylic 
resin that is slightly larger than the maxillary arch 
(Fig.  8.2 ). This is chosen from a collection of vari-
ously sized trays made from previously obtained 
maxillary dental casts. After the impression is 
taken, a stone cast is obtained from the impres-
sion and duplicated. The original cast is preserved 
for the patient record, and the second cast is used 
for fabrication of the appliance. A palatal plate is 
made of light-cured or thermo-cured resin, and the 
modifi ed nasal stent is then added to the plate [ 35 , 
 44 ,  45 ]. On the delivery appointment, the appli-
ance is fi t to the maxillary arch; a retentive loop 
is placed at the distal end of the wire; and a small 
piece of light-cured resin is cured to the tip of the 
nasal stent. Once the appliance is adjusted, the par-
ents or guardians are given detailed oral and writ-
ten instructions for placement, removal, and care 
of the appliance. They are also instructed to look 
for signs of  irritation caused by the prosthesis. The 
appliance is retained with denture paste adhesive.  

a b

  Fig. 8.2    ( a ) A 2-week old child with bilateral complete cleft lip and palate. ( b ) Impression in preparation for NAM       
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 The patients are followed weekly for adjust-
ments; nasal and alveolar moldings are initi-
ated at the same time. Adjustments are made 
to improve comfort, guide alveolar segments’ 
reposition, and readjust the molding pressure 
on the nasal cartilage. The goals are, initially, to 
lengthen the defi cient columella and to reposi-
tion the apex of the alar cartilages toward the tip 
of the nose and, later, to maintain the achieved 
morphologic changes. The appliance is worn 
continuously except for cleaning after feed-
ing until cleft lip surgery is performed, usually 
at age 3 or 4 months. Timing for surgery may 
be guided by the progress of nasal and alveolar 
molding [ 46 ].  

    Management of Toddlers 
and Preschool Children with OFC 

 OFC children often experience issues with feed-
ing, swallowing, esthetics, and poor oral health 
[ 47 ,  48 ].  The American Academy of Pediatric 
Dentistry  recommends that during this period, it 
is important to inform parents and/or guardians 
how important it is to establish a dental home for 
all infants, children, adolescents, and persons with 
special health-care needs. Establishing the dental 
home is initiated by the identifi cation and interac-
tion of caregivers and family members, resulting 
in a heightened awareness of all issues impacting 
the patient’s oral health. 

 It is recommended to establish a dental home 
when the fi rst primary tooth erupts in the mouth 
or within the fi rst year of age. Ideally, parents 
should contact a dental clinic where comprehen-
sive, continuously accessible, family-centered, 
coordinated, compassionate, and culturally effec-
tive care is available and delivered or supervised 
by qualifi ed child health specialists. Preventative 
strategies can be implemented at this period with 
oral hygiene instructions, diet counseling, and 
application of fl uoride varnish. The water source 
also needs to be evaluated (well or city water) to 
assure ideal levels of fl uoride in water. Fluoridated 
tooth paste can also be used, but in a limited 
amount (a grain rice size smear until 3 years of 
age) so the child will experience the benefi ts of 

fl uoride in dental caries prevention with a reduced 
risk of enamel damage due to dental fl uorosis 
[ 49 ,  50 ]. Limitation in frequency and sugar-based 
food intake is very important to reduce the risk of 
developing dental caries [ 51 ]. It is recommended 
that until 6 years of age, sweet milk (such as choc-
olate milk), sodas, and juices should be limited to 
no more than 4 oz per day, and ideally children 
should drink these beverages at main meals and 
have their teeth clean afterwards. 

 In summary, pediatric dentists would continue 
working with strategies for preventing dental car-
ies, diet counseling, perioperative care, infant 
orthopedics when indicated, and growth and 
development monitoring and provide surgical 
and restorative care if necessary.  

    Tooth Development in the Cleft 
Region 

 Subjects with OFC have been found to have 
a higher prevalence of dental anomalies, such 
as variations in tooth number and position and 
reduced tooth dimensions, predominantly local-
ized in the area of the cleft defect [ 52 – 54 ]. Also, a 
higher prevalence of enamel discoloration in chil-
dren with OFC has been found when compared 
with a normal control group; this defect has been 
mainly attributed to trauma at the time of cleft sur-
gery [ 55 ]. Hypodontia of the cleft-side permanent 
lateral incisor (49.8 %) and delayed root develop-
ment in comparison with the contralateral tooth are 
also common issues reported in OFC subjects [ 53 ]. 
Therefore, the dentists should explain to parents 
and guardians the potential problems associated 
with missing teeth and the orthodontic/prosthetic 
possibilities for habilitation in the future.  

    Management of School Children 
with OFC 

 In addition to anticipatory guidance and preventa-
tive care already provided at preschool age, pedi-
atric dentists will provide surgical and restorative 
care for OFC children as needed. Children with 
clefts are at a signifi cant risk for caries of the 
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primary incisors [ 56 ]. The prevalence of dental 
caries in the deciduous dentition was found to be 
greater in a group of children with OFC compared 
to children with OFC [ 57 ]. 

 Children in the mixed dentition should be 
evaluated for determining optimal timing for sec-
ondary alveolar bone grafting. Patients with cleft 
lip and palate have a bony defi ciency in the tooth-
bearing alveolar region of the palate. To repair this 
bony defi ciency, secondary alveolar bone grafting 
is carried out to provide adequate periodontal and 
bony support in to which the canine can erupt [ 58 ]. 
The ideal time for performing alveolar bone graft-
ing in patients with OFC varies. However, grafting 
is highly successful in subjects with age ranging 
from 9 to 12 years and when the canine root is one 
fourth to one half formed, which means, before 
canine eruption [ 59 ,  60 ]. After surgery, canines 
in the cleft area will present normal root devel-
opment in most cases with spontaneous eruption 
through autogenous bone grafting. Also, it can be 
expected that the canines may erupt more slowly 
through the bone graft, and in some cases surgi-
cal and/or orthodontic intervention (exposure and 
bonding) will be required to complete eruption. 

 In patients with bilateral cleft lip and palate, the 
premaxilla projects itself up and forward in various 
degrees because it is separated from the maxillary 
processes, which can be collapsed or distant from 
each other. The teeth adjacent to the cleft can pres-
ent a defi ciency in the alveolar bone thickness and 
height, restricting the possibilities of orthodontic 
treatment. Depsit these developmental defi cien-
cies and issues the teeth adjacent to the cleft often 
present with good periodontal bone support during 

the stage of mixed dentition [ 59 ,  61 – 63 ]. Buccal 
and mesiodistal orthodontic movement as well as 
rotational movements of maxillary anterior teeth 
before alveolar bone graft should be avoided or 
carefully conducted in these patients [ 63 ,  64 ]. 

 Speech remains a critical consideration: when 
surgical correction is not an option or has to be 
delayed for medical reasons or by parent’s choice, 
then appliances can be fabricate to help with speech. 
Although surgery is the most frequently chosen 
approach for improving velopharyngeal function, a 
prosthetic device can be an option for some patients. 
These appliances are fabricated to be placed in the 
mouth, like an orthodontic retainer. Basically there 
are two types of speech appliances for children: the 
speech bulb and the palatal lift. When patients pres-
ent with short palate, the speech bulb can be fabri-
cated to partially close off the space between the soft 
palate and the throat [ 65 ,  66 ]. When there is inad-
equate palatal muscle function, even with appropri-
ate palatal length, the palatal lift appliance can serve 
to lift the soft palate to a position that makes palatal 
closure possible [ 67 ]. It is recommended that pros-
thetic appliances be fabricated for children at least 
5 years of age, and parents should closely supervise 
the use of these appliances [ 68 ,  69 ]. Children with 
submucous cleft palates (SMCPs) frequently suf-
fer from delayed diagnosis that can result in poor 
speech outcomes. Furthermore, variability in the 
clinical severity of SMCPs can make treatment 
decisions challenging. Studies have established 
magnetic resonance imaging (MRI) as a reliable 
method to identify abnormalities in velopharyngeal 
muscle position, information that has potential to 
assist with treatment decisions (Fig.  8.3 ).  

a b

  Fig. 8.3    ( a ) Palatal obturator in an 8-year-old child with 
short soft palate. Family would like to postpone surgical 
correction. ( b ) Palatal lift appliance of a 7-year-old child, 

appliance is used to help in elevating the palate to achieve 
palatal closure and reduce nasal air leakage       

 

L. Pimenta



119

 The pediatric dentist should work in coordi-
nation with orthodontists and oral maxillofacial 
surgeons in preparation for alveolar bone graft 
when necessary. They also will work with speech 
pathologists when a speech appliance is recom-
mended and continue with measures for prevent-
ing dental caries and surgically remove primary 
teeth in surgical sites when indicated.  

    Management of Adolescents 
with OFC 

 Optimal management of patients with OFC is a 
continuous challenge. The surgical and clinical 
procedures carried out during infancy and child-
hood aim to create a foundation for development 
of normal speech, improvement of facial appear-
ance, establishment of functional occlusion, and 
to strengthen self-esteem. However, there are 
reports showing that these early interventions 
can result in maxillary growth restriction that 
produce secondary deformities of the jaw and 
malocclusion, which also affect speech and self-
esteem [ 70 ]. 

 Adolescents with OFC not only have to deal 
with the developmental changes that naturally 
occur at this age, but also they must cope with 
special concerns common to their chronic condi-
tion such as: integrating their facial differences 
into an already changing body image, establish-
ing interpersonal relationships despite possible 
dissatisfaction with facial appearance, relating 
to medical staff as young adults rather than chil-
dren, and coping with surgeries that can alter and 
improve their facial appearance, but probably 
will not eliminate facial scarring. 

 Adolescents commonly recieve orthodontic 
treatment for alignment of their teeth and optimiz-
ing their occlusion. Additionally, they can have 
orthodontic treatment in preparation for orthog-
nathic surgery that will occur at skeletal matu-
rity. Orthognathic surgery is used to treat patients 
with cleft lip and palate who have a large skeletal 
class III malocclusion with variable degrees of 
anteroposterior, vertical, and transverse maxil-
lary growth defi ciency. Therefore, many of these 
patients will need orthognathic surgery at late 
teenage years when pubertal growth is complete. 

 During this phase, pediatric dentists and or 
general dentists have an important role in pre-
venting dental caries and gingival infl amma-
tion by providing professional cleaning and oral 
hygiene instructions to the adolescents and their 
parents or guardians. Also, restorative treatment 
might be needed in cavitated caries lesions or in 
some cases for esthetic modifi cations of anterior 
teeth with resin composite direct restorations. 

 When implant-supported prosthetic rehabili-
tation is planned, the general dentist will need 
to refer the patient to a periodontist or oral max-
illofacial surgeon for a regraft of the cleft area 
and implant placement and may refer to a prosth-
odontists for fi nal oral habilitation [ 71 ,  72 ].  

    Management of Adults with OFC 

 There are still some adult patients with unre-
paired OFC who will require oral care. Most of 
these individuals did not have a chance to have 
their clefts repaired surgically, or they presented 
with large clefts that could not be completely 
correct with surgical procedures, resulting in 
residual oronasal fi stulas. Many of these patients 
are adults or elderly, and at their younger ages, 
there was no surgical alternative for repair, or 
they did not have access to proper care during 
childhood. In addition, they may have missing 
permanent teeth, deformed teeth, or even super-
numerary teeth in the cleft area. Some patients 
reach adolescence or adulthood with unrepaired 
oronasal fi stulas and alveolar clefts (bone dis-
continuity defects in the alveolus), even though 
the primary cleft defect has been repaired. The 
severity of residual deformities of the repaired 
cleft lip and nose may contribute to functional 
(mainly speech) and esthetic concerns. In adoles-
cents and adults who have undergone cleft defect 
repair, common consequences include anterior 
and posterior crossbites; midface hypoplasia; 
anteroposterior, vertical, and transverse maxil-
lary defi ciency; residual lip and nasal deformi-
ties; and speech problems [ 73 ,  74 ]. 

 Since orthognathic surgery (corrective jaw sur-
gery) can affect signifi cantly affect facial growth 
and development in patients with cleft lip and pal-
ate, end-stage reconstruction should be considered 
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when these patients have reached skeletal matu-
rity, which is usually age 15 years for females and 
16–18 years or older for males [ 75 – 77 ]. If surgery 
is performed prior to completion of facial growth, 
the adverse effect on maxillary growth and con-
tinued growth of the mandible can result in recur-
rence of the facial deformity and malocclusion 
[ 76 ,  77 ]. In some cases, for esthetic and psycho-
social reasons, surgery can be done at an earlier 
age with the understanding that it may need to be 
repeated after growth is complete [ 78 – 80 ].  

    Prosthetic Reconstruction 

 Adult patients who did not receive proper treat-
ment for cleft palate are challenging for cli-
nicians in terms of prosthetic rehabilitation. 
Moreover, during the late stages of adulthood 
when patients become edentulous, prosthetic 
reconstruction becomes even more challenging 
[ 81 ,  82 ]. Prosthetic rehabilitation requires ade-
quate hard and soft tissue support. This aspect 
is of particular importance when the relationship 
of various anatomic structures is considered after 
reconstructive surgery [ 83 ,  84 ]. 

 Patients who did not receive proper treatment 
for OFC often have several disorders such as: 
immature and collapsed maxillary arch, dyspha-
gia, hypernasal speech, compromised chewing 
ability, palate with scar tissue, resorbed alveolar 
ridges, loss of vestibular depth, and oronasal fi stu-
las. In addition, during the later stages of life when 
patients become edentulous, those issues related 
with OFC become troubling and more challenging 
in terms of prosthetic rehabilitation [ 81 ,  84 ]. 

 Alveolar clefts are frequently associated 
with missing teeth [ 85 ,  86 ]. Management of the 
cleft after grafting involves either eruption of 
the canine in substitution for the missing tooth 
or tooth replacement using prosthetic means. 
Prosthetic methods include removable prosthesis, 
a fi xed dental prosthesis (FDP), or a single tooth 
dental implant. The basic objectives of prosth-
odontic therapy include providing a  comfortable, 
esthetically acceptable prosthesis that restores 
the impaired physiologic activities of speech, 
deglutition, mastication, and occlusion and pre-
serving the remaining teeth and  tissue [ 87 ].  

    Palatal Obturator 

 A residual oronasal communication (fi stula) may 
be present even after surgical correction of the 
cleft in some cases. When that occurs, either on 
the palate or in the alveolar ridge or labial vesti-
bule, they can result in speech, with undesirable 
nasal air emission or contribute to compromised 
articulation [ 88 ]. The main goal of a palatal obtu-
rator is to cover the fi stula, to improve speech. 
Most of the time, it reduces hypernasality and 
corrects compensatory articulations. 

 The obturator can be used as a temporary appli-
ance, while surgical correction is not possible or in 
some adult patients as a defi nitive prosthodontic 
appliance. As a temporary appliance, the obtura-
tor can be fabricated with resin acrylic, and it will 
cover the palate (palatal plate), and the retention 
is obtained with clasps fabricated with orthodontic 
wire. Most of the time, in those cases, the design 
will be similar to an orthodontic retainer. 

 However, in adult patients, when surgical cor-
rection is not an alternative, the prosthodontic 
obturator can be fabricated following the same 
principles applied for the fabrication of remov-
able partial prostheses, with the metal infrastruc-
ture been fabricated with titanium or Co-Cr alloy 
[ 89 ] (Fig.  8.4 ). Removable prostheses are com-
monly indicated when clefts were not surgically 
closed, for oronasal fi stula closure, and when a 
speech appliance is indicated [ 90 ,  91 ].  

 Fixed dental prostheses (FDPs) have an his-
toric basis, but present many limitations for man-
aging OFC patients. A small cohort treated using 
FDP ( n  = 18) revealed no patients with failed teeth 
but a 22 % complication rate over an extended 
observation period (7.4–24.9 years). The authors 
contend that local conditions render implant 
placement diffi cult and conventional FDP ther-
apy remains the treatment of choice. However, 
esthetic parameters and patient- reported out-
comes were not defi ned [ 92 ]. 

 While dental implants and three-unit FDPs 
share similar 10-year survival rates [ 93 ], the use of 
an FDP for the OFC patient requires a more com-
plex FDP involving more teeth. Complex FDPs 
do not enjoy equally high survival rates and suffer 
far greater complications [ 94 ]. Endosseous dental 
implant therapy does not involve destruction of 
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adjacent teeth for a fi xed dental prosthesis (FDP) 
or involvement of removable prostheses. A single 
dental implant eliminates destruction of adjacent 
teeth for FDPs, potentially avoiding the greater 
risks reported for the larger FDP. Further, the use 
of FDPs without attendant regrafting of the alveo-
lus is possible, but fails to structurally address the 
underlying tissue defi ciency that support lip, alar, 
and general facial architecture. 

 Dental implants have been used for tooth 
replacement in OFC patients [ 95 ], but truly 
comprehensive assessments of this therapy have 
not been reported. Prospective studies of dental 
implant outcomes in OFC patients have typi-
cally involved fewer than 50 subjects and exam-
ined implant survival only general terms such as 
patient age, gender, and the type of cleft.  

    Future Directions 

 With the development of new technologies for 
early diagnosis of craniofacial anomalies, fami-
lies could be informed about the orofacial cleft 
before birth. Molecular genetics advances and 
evaluation of families around the world have led 
to identifi cation of the causative genes of numer-
ous syndromes and conditions involving OFCs 
(e.g., Van der Woude syndrome OMIM #119300, 
ectrodactyly, ectodermal dysplasia cleft syn-
drome OMIM #129900). While high-resolution 
2D scanning remains the cornerstone of prena-
tal diagnosis, new 3D approaches continue to 

expand our ability to assess the craniofacial com-
plex and clefts prenatally with great accuracy 
than ever before. Early diagnosis allows parents, 
family members, and their friends to be bet-
ter oriented about the management of orofacial 
clefts regarding the steps to be followed and the 
potential costs involved for therapy to adulthood. 
In addition, parents can be in contact with other 
families of children born with orofacial cleft to 
develop a network of support [ 96 ,  97 ]. 

 Adjunctive therapeutic strategies based on 
tissue engineering are being developed that 
will improve soft surgical outcomes such as 
bone augmentation and muscle development to 
enhance palate function. New intervention meth-
ods for cleft repair using stem cells could bring 
new alternative treatments in the future [ 98 ]. 
However, the most important aspect of the treat-
ment of children born with orofacial cleft is to 
provide comprehensive care that can be effec-
tively provided by craniofacial teams. Cleft and 
craniofacial teams are widely seen as an effective 
mean to avoid fragmentation and dehumaniza-
tion in the delivery of highly specialized health 
care [ 99 – 101 ].     
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