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Purpose
The American Academy of Pediatric Dentistry (AAPD) recog- 
nizes that pediatric dentists are uniquely qualified to manage 
the oral health care needs of children with heritable dental  
developmental anomalies. These children have multiple, com- 
plex problems as their dental conditions affect both form and 
function and can have significant psychological impact. These 
conditions may present early in life and require both immediate 
intervention and management of a protracted nature, including 
coordination of multi-disciplinary care. The AAPD’s Guideline 
on Management of Dental Patients with Special Health Care 
Needs1 alludes to this patient population but does not make 
specific treatment recommendations for the oral manifestations 
of such diagnoses. This guideline is intended to address the  
diagnosis, principles of management, and objectives of therapy 
of children with heritable dental developmental anomalies  
rather than provide specific treatment recommendations. This 
guideline will focus on the following heritable dental develop-
mental anomalies: amelogenesis imperfecta (AI), dentinogenesis 
imperfecta (DI), and dentin dysplasia (DD). Ectodermal dys- 
plasia has been thoroughly studied and reported in the  
National Foundation for Ectodermal Dysplasia’s “Parameters  
of Oral Health Care for Individuals Affected by Ectodermal  
Dysplasia Syndromes.”2 Refer to that document for care of  
children with ectodermal dysplasia.

Methods
This revision is an update of a guideline adopted in 2008. It is 
based upon a review of the current dental and medical litera- 
ture related to heritable dental developmental anomalies. A  
systematic literature search of the PubMed® database was con-
ducted using the following parameters: Terms: “heritable dental 
developmental anomalies”, “amelogenesis imperfecta”, “den-
tinogenesis imperfecta”, “dentinal dysplasia”, “dentin dysplasia”, 
“enamel hypoplasia”, “enamel hypocalcification”, “amelogenin”, 
and “enamelin”; Fields: all; Limits: within the last 10 years, 
humans, English, clinical trials, birth through age 18. One 
thousand five hundred and twenty one articles matched these 
criteria. Alternate strategies such as appraisal of references from 
recent evidence-based reviews and meta-analyses, as well as 

hand searches, were performed. This strategy yielded 131  
articles. Articles for review were chosen from this list and from 
references within selected articles. Thirty-nine articles each  
had full examination and analysis in order to revise this guide- 
line. When data did not appear sufficient or were inconclusive, 
recommendations were based upon expert and/or consensus 
opinion by experienced researchers and clinicians.

Background
Anomalies of tooth development are relatively common and 
may occur as an isolated condition or in association with other  
anomalies. Developmental dental anomalies often exhibit  
patterns that reflect the stage of development during which the 
malformation occurs. For example, disruptions in tooth initi- 
ation result in hypodontia or supernumerary teeth, whereas  
disruptions during morphodifferentiation lead to anomalies of 
size and shape (eg, macrodontia, microdontia, taurodontism,  
dens invaginatus).3 Disruptions occurring during histodiffer- 
entiation, apposition, and mineralization result in enamel  
hypoplasia or hypomineralization4,5 for AI, DI, and DD.3  

Heritable dental developmental anomalies can have  
profound negative consequences for the affected individual  
and the family.6,7 Preventive care is of foremost importance.  
Meticulous oral hygiene must be established and maintained,8  

The problems range from esthetic concerns that impact self- 
esteem to masticatory difficulties, tooth sensitivity, financial  
burdens, and protracted, complex dental treatment. These  
emotional and physical strains have been demonstrated, show- 
ing that persons with AI have fewer long-term relationships  
and children than nonaffected people.6 Due to extensive  
treatment needs, a patient may require sedation or general  
anesthesia for restorative care.9

Amelogenesis imperfecta
Amelogenesis imperfecta is a developmental disturbance that 
interferes with normal enamel formation in the absence of a  
systemic disorder.7,10 In general, it affects all or nearly all of  
the teeth in both the primary and permanent dentitions.7-11  
The estimated frequency of AI ranges from one in 718 to  
one in14,000 depending on the population studied.12,13
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Genetic etiology: AI may be inherited by x-linked or sporadic 
inheritance. The different clinical manifestations of AI have  
a specific gene anomaly associated with each phenotype.10-12  
Specific mutations proven to cause AI include: amelogenin 
(AMELX), enamelin (ENAM), kallikrein4 (KLK4), enamel- 
ysis (MMP-20) and FAM83H.10,14-16

Clinical manifestation: The most widely accepted classification13  
of AI includes four types: hypoplastic, hypomaturation, hypo- 
calcified, and hypomaturation-hypoplastic with taurodontism.  
Each type has subtypes differentiated by mode of inheritance.  
This classification system takes into consideration 15 subtypes 
based on clinical features and inheritance pattern. Figure 1  
represents the basic types of emanel defects seen in AI. The  
variability of the appearance of the different types of AI makes  
identification difficult.15 Some dentitions will appear normal  
to the untrained eye while other types of AI will be disfiguring.  
Hypomaturation-hypoplastic with taurodontism type of AI  
also is associated with tricho-dento-osseous syndrome.19

Children with AI can exhibit accelerated tooth eruption  
compared to the normal population or have late eruption.20-25 

Other clinical implications of AI include low caries suscepti- 
bility, rapid attrition, excessive calculus deposition, and gingival  
hyperplasia.25 Pathologies associated with AI are enlarged 
follicles, impacted permanent teeth, ectopic eruption, con- 
genitally missing teeth, crown and/or root resorption, and pulp 
calcification.21,24-26 Agenesis of second molars also has been 
observed.22 Although uncommon in AI, enamel resorption and 

ankylosis have been reported.21 In addition, the incidence of 
anterior open bite is 50 percent in hypoplastic AI, 31 percent 
in hypomaturation AI, and 60 percent of hypocalcified AI.20,23

Differential diagnosis: Other forms of enamel dysmineralization 
will exhibit a pattern based upon the time of insult, thus affect- 
ing the enamel forming at the time. In contrast, AI will affect 
all teeth similarly and can have a familial history. Fluorosis 
can mimic AI, but usually the teeth are not affected uniformly,  
often sparing the premolars and second permanent molars. A 
history of fluoride intake can aid in the diagnosis.

Dentinogenesis imperfecta
Dentinogenesis imperfecta is a hereditary developmental dis- 
turbance of the dentin originating during the histodiffer- 
entiation stage of tooth development. DI may be seen alone 
or in conjunction with the systemic hereditary disorder of the 
bone, osteogenesis imperfecta. Children with unexplained  
bone fracturing should be evaluated for DI as a possible  
indicator of an undiagnosed case of OI. This is important in  
helping delineate child abuse from mild or undiagnosed  
OI.27 The incidence of DI is about one in 8000.28 Two  
systems, one by Witkop28 and the other by Shields29, are well  
accepted classification systems of DI (See Table 1).  

Genetic etiology: Type I collagen (product of COL1A1 and  
COL1A2 genes) is the most abundant dentin protein.30 The 
diverse mutations associated with the COL1A1 and COL1A2 

* This table was published in Oral and Maxillofacial Pathology, 3rd ed, Neville BW, Damm DD, Allen CM, Bouquot JE, Abnormalities of Teeth, page 106, 
Copyright Saunders/Elsevier, 2009.8

Table 1.     DENTINOGENESIS IMPERFECTA*

Shields Clinical Presentation Witkop

Dentinogenesis Imperfecta I Osteogenesis Imperfecta with opalescent teeth Dentinogenesis Imperfecta

Dentinogenesis Imperfecta II Isolated Dentinogenesis Imperfecta Hereditary Opalescent Dentin

Dentinogenesis Imperfecta III Isolated Dentinogenesis Imperfecta Brandywine Isolate

Figure 1. Amelogenesis imperfecta. Diagram  
of enamel defects of basic types. Hypocalcified 
- normal thickness, smooth surface, less hard- 
ness. Hypoplastic, pitted - normal thickness, 
pitted surface, normal hardness. Hypoplastic, 
generalized - reduced thickness, smooth surface, 
normal hardness. Hypomaturation - normal  
thickness, chipped surface, less hardness, opaque 
white coloration.

This figure was published in Contemporary Oral and Maxillofacial Pathology, Sapp J, Eversole L, Wysocki G; Developmental Disturbances of the  
Oral Region, page 19; Mosby, Inc. 2004.18



266    CLINICAL GUIDELINES 

REFERENCE MANUAL     V 36 /  NO 6     14 /  15

genes can cause the DI phenotype in association with osteo- 
genesis imperfecta (DI type I). DI Type II and Type III are  
autosomal dominant conditions that have been linked to chro-
mosome 4q12-21, suggesting these may be allelic mutations  
of the DSPP gene encoding dentin phosphoprotein and  
dentin sialoprotein.31,32

Clinical manifestation: In all three DI types, the teeth have a  
variable blue-gray to yellow-brown discoloration that appears  
opalescent due to the defective, abnormally-colored dentin  
shining through the translucent enamel. Due to the lack of  
support of the poorly mineralized dentin, enamel frequently 
fractures from the teeth leading to rapid wear and attrition of 
the teeth. The severity of discoloration and enamel fracturing 
in all DI types is highly variable, even within the same family.  
If left untreated, it is not uncommon to see the entire DI- 
affected dentition worn to the gingiva.

Shields Type I occurs with osteogenesis imperfecta. All  
teeth in both dentitions are affected. Primary teeth are affected 
most severely, followed by the permanent incisors and first  
molars, with the second and third molars being the least  
altered. Radiographically, the teeth have bulbous crowns, cer- 
vical constriction, thin roots, and early obliteration of the root  
canal and pulp chambers due to excessive dentin production.  
Periapical radiolucencies and root fractures are evident. An  
amber translucent tooth color is common.

Shields Type II is also known as hereditary opalescent  
dentin. Both primary and permanent dentitions are equally  
affected, and the characteristics previously described for Type  
I are the same. Radiographically, pulp chamber obliteration  
can begin prior to tooth eruption.

Shields Type III is rare; its predominant characteristic is  
bell-shaped crowns, especially in the permanent dentition. Un- 
like Types I and II, Type III involves teeth with shell-like  
appearance and multiple pulp exposures. Shell teeth demon- 
strate normal-thickness enamel in association with extremely  
thin dentin and dramatically enlarged pulps. The thin dentin  
may involve the entire tooth or be isolated to the root. 

 
Differential diagnosis: OI, other collagen disorders, and nu- 
merous syndromes have DI-like phenotypes associated with 
them. DD Type I clinically has normal appearing crowns, but 
radiographically the teeth have pulpal obliterations and short 
blunted roots. DD Type II has the same phenotype as DI  
Type II in the primary dentition but normal to slight blue- 
gray discoloration in permanent dentition.

Dentin dysplasia 
Dentin dysplasia represents another group of inherited den-
tin disorders resulting in characteristic features involving the  
dentin and root morphology. DD is rarer than DI, affecting  
one in 100,000.3  

Genetic etiology: DD exhibits an autosomal dominant pattern  
of inheritance.7-9  

Clinical manifestation: In 1973, Shields and colleagues pro- 
posed a classification system of dentinal dysplasia.23

Dentin Dysplasia Type I (radicular dentin dysplasia;  
rootless teeth):7-9,33 The crowns in DD Type I appear mostly 
normal in color and shape in both the primary and perma- 
nent dentitions. Occasionally, an amber translucency is ap- 
parent. The roots tend to be short and sharply constricted. DD 
Type I has been referred to as “rootless teeth” because of the  
shortened root length due to a loss of organization of root  
dentin. Wide variation of root formation and pulp formation 
exists due to the timing of dentinal disorganization. With 
early disorganization, the roots are extremely short or absent  
and no pulp can be detected. With later disorganization, the  
roots are shortened with crescent or chevron-shaped pulp  
chambers. With late disorganization, typical root lengths exist  
with pulp stones present in a normal shaped pulp chambers.  
This variability is most profound in the permanent dentition  
and can vary for each person and from tooth to tooth in a  
single individual.  

Radiographically, the roots of all teeth in the primary and 
permanent dentitions are either short or abnormally shaped.   
The primary teeth have obliterated pulps that completely fill  
in before eruption. The extent of pulp canal and chamber  
obliteration in the permanent dentition is variable. Both the 
primary and permanent teeth demonstrate multiple periapical 
radiolucencies.  They represent chronic abscesses, granulomas, 
or cysts. The inflammatory lesions appear secondary to caries  
or spontaneous coronal exposure of microscopic threads of  
pulpal remnants present within the defective dentin. 

Dentin Dysplasia Type II (coronal dentin dysplasia):7-9,33  
DD Type II demonstrates numerous features of DI. In con- 
trast to DD Type I, root lengths are normal in both dentitions. 
The primary teeth are amber-colored closely resembling DI. 
Radiographically, the primary teeth exhibit bulbous crowns, 
cervical constrictions, thin roots, and early pulp obliteration.  
The permanent teeth are normal in coloration. Radiographic- 
ally, they exhibit thistle-tube shaped pulp chambers with  
multiple pulp stones; periapical radiolucencies are not present.

Differential diagnosis: The first differential diagnosis for DD  
Type II is DI. The differentiation between DD and DI can  
be challenging because these two developmental anomalies  
form a continuum.7 Both DD and DI have amber tooth  
coloration and obliterated or occluded pulp chambers. How- 
ever, the pulp chambers do not fill in before eruption in DD  
Type II. A finding of a thistle-tube shaped pulp chamber in a  
single-rooted tooth increases the likelihood of DD diagnosis.  
The crowns in DD usually are normal in size, shape, and pro- 
portion while the crowns in DI typically are bell-shaped 
with a cervical constriction. The roots in DD usually are not  
present or appear normal while the roots in DI typically are  
short and narrow. Association of periapical radiolucencies with  
non-carious teeth and without obvious cause is an important 
characteristic of DD Type I.7,8

An unrelated disorder with pulpal findings similar to DD 
Type II is pulpal dysplasia.8 This process occurs in teeth that 
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appear clinically normal. Radiographically, pulpal dysplasia  
exhibits thistle-tube shaped pulp chambers and multiple pulp 
stones in the both the primary and permanent dentitions.

Recommendations
Amelogenesis imperfecta
General considerations and principles of management: A primary 
goal for treatment is to address each concern as it presents but 
with an overall comprehensive plan that outlines anticipated 
future treatment needs. Clinicians treating children and adoles-
cents with AI must address the clinical and emotional demands  
of these disorders with sensitivity. It is important to establish  
good rapport with the child and family early. Timely inter- 
vention is critical to spare the patient from the psychosocial 
consequences of these potentially disfiguring conditions. A  
comprehensive and timely approach is reassuring to the  
patient and family and may help decrease their anxiety.6  

Preventive care: Early identification and preventive interven- 
tions are critical for infants and children with AI in order to  
avoid the negative social and functional consequences of the  
disorder. Regular periodic examinations can identify teeth  
needing care as they erupt. Meticulous oral hygiene, calculus 
removal, and oral rinses can improve periodontal health. Fluo-
ride applications and desensitizing agents may diminish tooth 
sensitivity.35,36

Restorative care: The appearance, quality, and amount of  
affected enamel and dentin will dictate the type of restorations 
necessary to achieve esthetic, masticatory, and functional  
health.35,39,40  When the enamel is intact but discolored, 
bleaching and/or microabrasion may be used to enhance the  
appearance.36,37 If the enamel is hypocalcified, composite resin  
or porcelain veneers may be able to be retained with bond- 
ing.28 If the enamel or dentin cannot be bonded, full coverage  
restorations will be required.19,31-42 In order to facilitate veneer  
or crown placement, periodontal therapy may be necessary  
when acute/chronic marginal gingivitis along with hyperplastic  
tissue exists.34,39-4241-48

During the primary dentition, it is important to restore 
the teeth for adequate function and to maintain adequate arch  
parameters. Primary teeth may require composite or veneered 
anterior crowns with posterior full coverage steel or veneered 
crowns.44,49,50  

The permanent dentition usually involves a complex treat- 
ment plan with specialists from multiple disciplines.46,48,51 Peri-
odontics, endodontics, and orthodontics may be necessary 
and treatment could include orthognathic surgery.44,46,52,53 The 
prosthetic treatment may require veneers, full coverage crowns, 
implants, and fixed or removable prostheses.39,45,48,51-53  The  
fabrication of an occlusal splint may be needed to reestablish  
vertical dimension when full mouth rehabilitation is neces-
sary.22,49-51 Therapy will need to be planned carefully in phases  
as teeth erupt and the need arises.

Behavior guidance, as well as the psychological health of  
the patient, will need to be addressed in each phase.6 Coun- 

seling for the child or adolescent and his/her family should  
be recommended when negative psychosocial consequences  
of the disorder are recognized.

Dentinogenesis imperfecta
General considerations and principles of management: Providing 
optimal oral health treatment for DI frequently includes pre- 
venting severe attrition associated with enamel loss and rapid  
wear of the poorly mineralized dentin, rehabilitating dentitions 
that have undergone severe wear, optimizing esthetics, and  
preventing caries and periodontal disease. The dental approach 
for managing DI will vary depending on the severity of the  
clinical expression.  

The clinician must be cautious in treating individuals with  
OI if performing surgical procedures or other treatment that  
could transmit forces to the jaws, increasing the risk of bone 
fracture. Some types of protective stabilization may be con- 
traindicated in the patients with OI.

Preventive care: Early identification and preventive interven- 
tions are critical for individuals with DI in order to avoid the 
negative social and functional consequences of the disorder. 
Regular periodic examinations can identify teeth needing care  
as they erupt. Meticulous oral hygiene, calculus removal, and  
oral rinses can improve periodontal health. Fluoride applica- 
tions and desensitizing agents may diminish tooth sensitivity.35,36

Restorative care: Routine restorative techniques often can be  
used effectively to treat mild to moderate DI. These treatments 
more commonly are applied to the permanent teeth, as the  
permanent dentition frequently is less severely affected than  
the primary dentition. In more severe cases with significant  
enamel fracturing and rapid dental wear, the treatment of choice  
is full coverage restorations in both the primary and permanent  
dentitions.49-51 The success of full coverage is greatest in teeth  
with crowns and roots that exhibit close to a normal shape  
and size, minimizing the risk of cervical fracture.49-51  

Ideally, restorative stabilization of the dentition will be  
completed before excessive wear and loss of vertical dimension 
occur.54 Cases with significant loss of vertical dimension will  
benefit from reestablishing a more normal vertical dimension  
during dental rehabilitation. Cases having severe loss of cor- 
onal tooth structure and vertical dimension may be considered 
candidates for overdenture therapy. Overlay dentures placed  
on teeth that are covered with fluoride-releasing glass ionomer 
cement have been used with success.8

Bleaching has been reported to lighten the color of DI 
teeth with some success; however, because the discoloration is  
caused primarily by the underlying yellow-brown dentin,  
bleaching alone is unlikely to produce normal appearance in  
cases of significant discoloration. Different types of veneers can  
be used to improve the esthetics and mask the opalescent  
blue-gray discoloration of the anterior teeth.  

Endodontic considerations:  Some patients with dentinogen-
esis imperfecta will suffer from multiple periapical abscesses  
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apparently resulting from pulpal strangulation secondary to 
pulpal obliteration or from pulp exposure due to extensive co- 
ronal wear. The potential for periapical abscesses is an  
indication for periodic radiographic surveys on individuals  
with DI. Because of pulpal obliteration, apical surgery may be  
required to maintain the abscessed teeth. Attempting to nego- 
tiate and instrument obliterated canals in DI teeth can result  
in lateral perforation due to the poorly mineralized dentin. 

Occlusion: Class III malocclussion with high incidences of  
posterior crossbites and openbites occur in DI Type I and  
should be evaluated.55 Multidisciplinary approaches are  
essential in addressing the complex needs of the individuals  
affected with DI.

Dentin dysplasia 
General considerations and principles of management 9: The goal  
of treatment is to retain the teeth for as long as possible.  
However, due to shortened roots and periapical lesions, the  
prognosis for prolonged tooth retention is poor. Prosthetic 
replacement including dentures, overdentures, partial dentures, 
and/or dental implants may be required.

Preventive care3: Meticulous oral hygiene must be established  
and maintained. As a result of shortened roots with DD Type  
I, early tooth loss from periodontitis is frequent.  

Restorative care: Teeth with DD Type I have such poor crown 
to root ratios that prosthetic replacement including dentures, 
overdentures, partial dentures, and/or dental implants are the 
only practical courses for dental rehabilitation.3 Teeth with 
DD Type II that are of normal shape, size, and support can 
be restored with full coverage restorations if necessary. For  
esthetics, discolored anterior teeth can be improved with resin 
bonding, veneering, or full coverage esthetic restorations.  

Clinicians should be aware that even shallow occlusal re- 
storations may result in pulpal necrosis due to the pulpal  
vascular channels that extend close to the dentin-enamel  
junction.8 If periapical inflammatory lesions develop, the  
treatment plan is guided by the root length.8 

Endodontic considerations: Endodontic therapy, negotiating 
around pulp stones and through whorls of tubular dentin, has 
been successful in teeth without extremely short roots. Peria- 
pical curettage and retrograde amalgam seals have demon- 
strated short-term success in teeth with short roots.

Ectodermal dysplasia
The AAPD endorses the National Foundation for Ectodermal 
Dysplasia’s “Parameters of Oral Health Care for Individuals  
Affected by Ectodermal Dysplasia Syndromes.”2
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