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Objectives – X-linked hypohidrotic ectodermal dysplasia (XLHED) occurs in several

species, including humans, mice, cattle and dogs. The orofacial manifestations of

ectodermal dysplasia in humans and mice have been extensively studied, but

documentation of dental abnormalities in dogs is lacking. The current study

describes the results of clinical and radiographic examinations of XLHED-affected

dogs and demonstrates profound similarities to findings of XLHED-affected humans.

Setting and sample population – Section of Medical Genetics at the University

of Pennsylvania, School of Veterinary Medicine. Clinical and radiographic oral

examinations were performed on 17 dogs with XLHED, three normal dogs, and two

dogs heterozygous for XLHED.

Materials and methods – The prevalence and severity of orofacial and dental

abnormalities were evaluated by means of a sedated examination, photographs,

and full-mouth intraoral radiographs.

Results – Crown and root abnormalities were common in dogs affected by XLHED,

including hypodontia, oligodontia, conical crown shape, decreased number of

cusps, decreased number of roots, and dilacerated roots. Persistent deciduous

teeth were frequently encountered. Malocclusion was common, with Angle Class I

mesioversion of the maxillary and ⁄ or mandibular canine teeth noted in 15 of 17 dogs.

Angle Class III malocclusion (maxillary brachygnathism) was seen in one affected

dog.

Conclusion – Dental abnormalities are common and severe in dogs with XLHED.

Dental manifestations of canine XLHED share characteristics of brachyodont tooth

type and diphyodont dentition, confirming this species to be an orthologous

animal model for study of human disease.

Key words: developmental abnormalities; dogs, tooth abnormalities; ectodermal

dysplasia; XLHED

Introduction

X-linked hypohidrotic ectodermal dysplasia (XLHED) is a congenital

disorder which has been described in humans, mice, cattle and dogs

(1, 2). In affected individuals, structures of ectodermal origin may be

absent or abnormally formed, including skin, lacrimal glands and teeth.
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Skin lesions manifest as hairlessness and absence of

eccrine sweat glands (Fig. 1). Congenital alopecia was

first described in the dog in 1910 (3). X-linked recessive

inheritance has been confirmed in one dog breed by

pedigree analysis (4). Although dental and craniofacial

abnormalities associated with XLHED have been well

documented in humans (5–12) and mice (13–17), a

complete description of the dental abnormalities in

XLHED-affected dogs is lacking. The present study

describes dental abnormalities seen in XLHED-affected

dogs and compares them to those described in humans

and mice.

Ectodermal dysplasia has been extensively studied in

mice. Ectodysplasin (EDA) is a ligand of the tumor

necrosis factor (TNF) family that binds to an EDA

receptor (EDAR) and transmits an intracellular signal

via an adaptor protein (EDARADD) (18). Spontaneous

genetic mutations responsible for expression of these

proteins have been identified in mice, resulting in

mouse mutants Tabby (mutation of EDA) (19), Down-

less Jackson and Downless Sleek (mutation of EDAR),

and Crinkled (mutation of EDARADD) (20–23). In mice,

EDAR mutation results in development of fewer molar

teeth than normal, and those molars present have

fewer cusps. When EDA is overexpressed, supernu-

merary molar teeth develop with a normal number of

cusps. When EDAR is overexpressed, the tooth number

is variable (increased, normal or decreased), and more

cusps are present on molar teeth (18). Tabby mice, the

orthologue for XLHED in humans and dogs, exhibit

missing molar and incisor teeth with variations in

severity, and the cusps of molar teeth are reduced

in size and number (24). The XLHED dogs evaluated in

the present study suffer from a mutation in EDA (25).

The canine species shows great variation in head

shape, ranging from brachycephalic (short, compact

skull with little or no muzzle, as seen in pugs and

boxers), mesaticephalic (most common skull shape

seen in dogs), and dolichocephalic (seen in collies,

greyhounds and other long-muzzled breeds). All dogs

of the current study were of mesaticephalic skull con-

formation. The complete canine dentition includes

three incisors, one canine tooth, four premolars and

two molars in each maxillary quadrant. The mandibu-

lar quadrants each contain three incisors, one canine

tooth, four premolars and three molar teeth. The

mandibular incisors should be palatal to the maxillary

incisors when the mouth is closed and the coronal third

of the mandibular incisors rests against the cingulum of

the maxillary incisors. When the mouth is closed, the

mandibular canine is distal to the maxillary third inci-

sor and mesial to the maxillary canine, without

touching either of these teeth. The premolars are not in

occlusion with the opposing premolar teeth, but when

the mouth is closed, the maxillary premolar cusps sit in

the interdental space of mandibular premolars. The

term �carnassial� describes the largest shearing tooth of

the upper and lower jaw in dogs (maxillary fourth

premolar and mandibular first molar). These teeth

work together during mastication and contribute most

significantly to the masticatory effort. The upper jaw is

anisognathic, the maxilla being wider than the man-

dible. Therefore, the maxillary fourth premolar tooth

normally occludes lateral (buccal) to the mandibular

first molar tooth. In contrast to humans, dogs have

more shearing cusps and fewer occlusal surfaces. Two

maxillary and three mandibular molars of dogs have

occlusal surfaces that are capable of grinding and

A B

Fig. 1. (A) Typical appearance of XLHED-

associated congenital alopecia in the dog,

lateral view; (B) dorsal view. Note

the marked alopecia of the head, ears and

dorsum.
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crushing hard food particles. The relative lack of

occlusal surfaces partly explains the increased suscep-

tibility of humans to pit and fissure caries compared to

dogs (26, 27).

Materials and methods

Mixed-breed dogs ranging from 2 to 12 months of age

received a conscious orofacial examination. Seventeen

dogs (sixteen males and one female) were XLHED-

affected, nine dogs were normal controls (all male

dogs), and seven dogs were heterozygous for XLHED

(all female dogs). In addition to conscious orofacial

examination, twenty-two dogs were sedated for full-

mouth intraoral radiographs (17 affected, 2 hetero-

zygote and 3 control dogs). All dogs were evaluated in

accordance with guidelines established by an Institu-

tional Animal Care and Use Committee (IACUC)-

approved protocol. Dogs were cared for in accordance

with principles outlined in the NIH Guide for the Care

and Use of Laboratory Animals and in the International

Guiding Principles for Biomedical Research Involving

Animals. In the 22 dogs sedated for intraoral dental

radiography, small-bolus intravenous administration of

propofol (1–2 mg ⁄ kg) was given to effect. Prior to

intravenous sedation, each dog was premedicated

with butorphanol tartrate (0.2 mg ⁄ kg), acepromazine

maleate (0.055 mg ⁄ kg) and atropine sulfate

(0.02 mg ⁄ kg) intramuscularly, and an intravenous

catheter was placed in a peripheral vein. Results of

the oral examination were documented on a dental

record, noting type of dentition (deciduous, mixed or

permanent), presence or absence of teeth, location

and position of teeth, shape of the tooth crowns,

structural crown abnormalities, presence of maloc-

clusion, and presence of persistent deciduous teeth.

Full-mouth dental radiographs were obtained using

size 2 and 4 D-speed intraoral film (Kodak Ultra-

speed, Rochester, NY, USA) and a wall-mounted

intraoral X-ray unit (Gendex GX-770, Des Plaines, IL,

USA). Radiographs were evaluated for the presence of

unerupted teeth, dilacerated roots, abnormal number

of roots, pulp chamber and root canal abnormalities,

and classification of diminutive teeth (deciduous vs.

permanent).

Results
Conscious examination

Crown morphology and positional abnormalities were

seen in deciduous and permanent teeth of XLHED-

affected dogs. Deciduous canine teeth were commonly

persistent, resulting in crowding of the erupted per-

manent canine teeth in 55.0% of adult XLHED-affected

dogs. Malocclusion was seen in 16 of 17 XLHED-

affected dogs (94.1 %). Deciduous canine teeth often

exhibited Angle class I mesioversion in dogs with

XLHED. Mesioversion also occurred in permanent

canine teeth (Fig. 2). Mesioversion was seen in 15 of 17

affected dogs (88.2%), compared to 2 of 7 heterozygous

dogs. Two of 17 affected dogs (11.8%) exhibited labio-

version of their permanent mandibular canine teeth

(Fig. 3). Angle class III malocclusion (maxillary

brachygnathism) was seen in one XLHED-affected dog

(5.9%). Caudal crossbite (analogous to posterior

crossbite in humans) was seen in two XLHED- affected

dogs (11.8%). Malocclusions were not present in any of

the nine normal dogs.

A B C

Fig. 2. (A) Canine and incisor teeth of dogs with normal permanent dentition, (B) XLHED-affected deciduous dentition, and (C) XLHED-

affected permanent dentition. Note the mesioversion of both the deciduous and permanent maxillary and mandibular canine teeth (asterisks).
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Hypodontia and oligodontia were the most com-

mon dental manifestations of dogs affected with

XLHED. On conscious examination, 16 of 17 XLHED-

affected dogs were missing at least one permanent

tooth, whereas 0 of 9 control dogs were missing per-

manent teeth. Premolars were the most commonly

absent teeth on both the maxilla and the mandible

(Table 1). In XLHED-affected dogs, incisor teeth were

missing or reduced in size compared to normal per-

manent incisors, though still larger than deciduous

incisors (Fig. 3). In young XLHED-affected dogs,

deciduous teeth were present without radiographic

evidence of permanent successors (Figs 4, 5). A mixed

dentition of deciduous and permanent teeth was

present beyond adolescence in 55% of adult XLHED-

affected dogs.

Sedated examination and radiographic evaluations

The crowns and roots of permanent premolar and

molar teeth, when present, exhibited conformational

abnormalities in all XLHED-affected dogs (100%),

including conical or peg-shaped crowns, decreased

number of roots, diminutive roots compared to normal

counterparts, fused roots, and dilaceration of the

crowns or roots (Figs 5, 6).

Two heterozygotes were sedated for dental radio-

graphs. One dog exhibited normal crown and root

structures with no missing teeth. Another carrier dog

exhibited a mixture of normal and abnormally-shaped

crowns and roots, missing teeth, persistent deciduous

teeth, and mesioverted canine teeth. Radiographically,

this heterozygote showed focal mineralization of the

A B

Fig. 3. (A) Comparison of incisor teeth of

normal and (B) XLHED-affected permanent

dentitions in the dog. The affected dog is

missing multiple teeth, and some teeth are

smaller than normal incisors. The number of

cusps is generally reduced as seen by lack of

mamelons (arrow) of the maxillary incisors.

Labioversion of the left mandibular canine

tooth is also present (asterisk).

Table 1. Comparison of percent of abnormal and missing teeth in XLHED-affected, heterozygous and normal dogs

Genotype

Incisors Canines Premolars Molars

N A M N A M N A M N A M

Maxilla

Normal 100 0 0 100 0 0 100 0 0 100 0 0

Heterozygous 91.6 0 9.4 100 0 0 85.4 4.2 10.4 100 0 0

XLHED 0 78.8 21.2 0 95.5 4.5 0 37.5 62.5 0 81.8 18.2

Mandible

Normal 100 0 0 100 0 0 100 0 0 100 0 0

Heterozygous 55.6 0 44.4 75 0 25 81.3 2.1 16.6 97.2 2.8 0

XLHED 0 47.0 53.0 0 77.3 22.7 0 15.9 84.1 0 81.8 18.2

Comparison of the permanent dentition between normal (n = 9), heterozygous (n = 7), and XLHED-affected dogs (n = 17). The presence of normal

(N) and abnormally shaped crowns (A) is given in percent of total teeth of the same type (incisors, canines, premolars or molars). Missing teeth (M)

are also indicated in percent of the total teeth that would normally be present. Teeth defined as normal were present and showed no evidence of

morphological abnormalities in crown shape, cusp number, cusp height, or tooth position. Abnormal teeth showed clinical evidence of one or more of

the above crown abnormalities. Teeth were documented as missing if they were not present on conscious oral examination.
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pulp chamber indicative of pulp stone formation of

deciduous and permanent teeth (Fig. 7). This radio-

graphic finding was also seen in one of the 17 XLHED-

affected dogs (5.9%).

Discussion

Ectodermal dysplasia has been described in pure and

mixed-breed dogs, including the miniature poodle (28),

Belgian shepherd (29), Labrador retriever (30), Bichon

frise (31), German shepherd (4), whippet (32), cocker

spaniel (33), and mixed breeds of the miniature pin-

scher and Pekingese (1). Chinese Crested and Mexican

hairless dogs are breeds which are affected by an

autosomal dominant form of ED (34, 35). Diagnosis of

ED can be made based on the characteristic distribu-

tion of congenital hairlessness, varying from complete

alopecia to hypotrichosis of the top of the head, ventral

chest and abdomen (Fig. 1) and dorsal pelvic area, the

histological absence of piloglandular units in the alo-

pecic areas, and the presence of dental abnormalities.

Although heterozygous females may show mild signs of

dysplasia, generally males are affected (1). Sixteen of

the 17 affected dogs in the present study were males.

The homozygous affected female was born to a het-

erozygous female that was bred to an XLHED-affected

male.

A

B

Fig. 4. (A) Photographs and dental radio-

graphs of normal and (B) XLHED-affected

puppies. Deciduous teeth of affected dogs

exhibit conical crowns with a reduced

number of cusps. Note the abnormally

shaped crown of the developing mandibular

first molar tooth (asterisk) and no evidence

of developing permanent premolars beneath

the deciduous premolars (arrows).

A

B Fig. 5. (A) Photographs and intraoral dental

radiographs of normal and (B) XLHED-

affected canine and premolar teeth in adult

dogs. The affected dog exhibits oligodontia,

decreased number of roots (asterisk), and

conical crowns. The deciduous mandibular

canine teeth of the affected dog are still

present with no evidence of formation of the

permanent canine teeth.
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One of the most prominent dental manifestations

seen in XLHED-affected dogs is marked hypodontia

and ⁄ or oligodontia (4). Interestingly, agenesis of teeth

in humans with ED is more common on the left side

than the right side (11), a feature that has also been

recognized in patients with cleft lip and palate (36). An

asymmetrical pattern of oligodontia was not recog-

nized in XLHED-affected dogs of the present study. As

seen in humans, teeth were more commonly missing

from the mandible than the maxilla in the dogs of the

current study.

In humans with ED, anterior teeth tend to be conical

in shape, while posterior teeth are reduced in size and

number of cusps (11). In XLHED-affected dogs, conical

crown shape was seen in rostral (i.e., anterior) and

caudal (i.e., posterior) teeth, with the carnassial teeth

being markedly affected (Fig. 6). A reduction in cusps is

also seen in dogs, which is most prominent in the

carnassial teeth. The term �peg tooth� describes a form

of microdontia occurring in humans, which can be due

to XLHED, but is more commonly seen in humans

without ED as an autosomal-dominant inheritance

affecting lateral incisors (37). A �double tooth�, an

anomaly of conjoined teeth, has also been reported in

humans with ED. Double tooth is a general term of

tooth anomaly indistinguishable as to whether fusion,

gemination or schizodontia has occurred (8). No dogs

in the present study exhibited fusion, gemination,

concresence or schizodontia.

Craniofacial abnormalities have been documented in

humans with ED (6). The face often appears smaller

due to frontal bossing and depression of the nasal

A

B
Fig. 6. (A) Photographs and dental radio-

graphs of normal and (B) XLHED-affected

molar and premolar teeth in adult dogs. The

carnassial teeth (maxillary fourth premolar

and mandibular first molar) exhibit conical

crowns with a decreased number of cusps

(asterisks). Note the convergence of the roots

with malformation of the mesial root of the

mandibular fourth premolar tooth (arrow),

the diminutive mesial root of the mandibular

first molar tooth (arrowhead), and the

missing mandibular third molar tooth

(asterisk).

A B

Fig. 7. (A) Photograph and (B) dental radiograph of a 4.5 month-old, female, mixed-breed dog heterozygous for XLHED. Mixed dentition

reveals conical shape of maxillary and mandibular deciduous canine and mandibular fourth premolar teeth. Both the deciduous mandibular

fourth premolar tooth and the developing permanent first molar tooth exhibit areas of focal mineralization within the pulp chamber suggestive

of pulp stones. Similar pulpal mineralization has also been seen in one XLHED-affected dog.
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bridge. The lips can be protuberant, and the ears may

be more prominent. A high palatal arch or even a cleft

palate may be present in humans with ED (6). The

midface may be depressed, the cheek bones are fre-

quently high, and the chin is often pointed (9). Since

development of alveolar bone is dependent on the

presence of teeth, edentulous areas show a hypoplastic

or non-existent alveolar process (11). Dogs evaluated in

the present study were mixed-breed dogs derived from

mesaticephalic beagle and German shepherd lineage,

therefore, conclusions about craniofacial abnormalities

are difficult to make. Affected dogs appeared to have

narrow muzzles compared to normal dogs from the same

litter. Protuberant lips are generally present in XLHED-

affected dogs at birth. However, no cleft lips or palates

were seen in the 17 XLHED-affected dogs of the present

study. Looking historically at a larger group of 100

XLHED dogs, three were affected with cleft lip and ⁄ or

palate, whereas 1 of 125 normal ⁄ carrier dogs were

affected by cleft lip ⁄ palate. Prevalence between these

groups did not differ significantly when defined as a

p-value of 0.05 or less. The prevalence of both groups was

higher than the previously reported prevalence of 0.11%

in an established line of 2650 research beagles (38).

Conclusions

When developing postnatal treatment strategies

of dental abnormalities associated with XLHED in

humans, dogs may represent a more relevant study

model than mice. Unlike dogs and humans, mice have

neither canine nor premolar teeth. Mice have a mixture

of brachyodont (short crowns with anatomical roots

that stop growing once erupted) and aradicular hyps-

odont (large reserve crowns that continue to grow

throughout life) teeth (39). Dogs and humans are

similar in that their dentitions consist entirely of

brachyodont teeth, which do not grow throughout life.

Mice are monophyodont (having one set of teeth)

whereas dogs and humans are diphyodont (having two

dentitions, deciduous and a permanent). This is

important when evaluating therapies for XLHED-

associated dental abnormalities, since the diphyodont

dentition of dogs and humans may allow for effective

postnatal treatment in species with successional teeth

(40), where the same therapies may only be effective in

the embryonic monophyodont (41).

Clinical relevance

Ectodermal dysplasia is seen in human and veterinary

patients, and similarities between species suggest that

the canine form of XLHED is an excellent model for

study of future therapies in humans. However, to

date, no canine studies have characterized the

orthodontic and dental manifestations of the disease.

Characterization of dental manifestations of

XLHED in dogs will allow for better utilization of this

model in the treatment of human and veterinary

patients.
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