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A Cephalometric Analysis of Patients with Recessive Dystrophic
Epidermolysis Bullosa
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Abstract: Patients diagnosed with Recessive Dystrophic Epidermolysis Bullosa (RDEB) suffer from
severe growth inhibition due to reduced food intake as a result of severe oropharyngeal and esophageal
blistering. This investigation examined the patterns of facial growth in a group of 42 children with RDEB
for whom lateral skull radiographs were available. The differences between RDEB patients and patients
with normal cephalometric values were also assessed. Lateral skull radiographs were digitized and anumber
of orthodontic indices were compared to the published normal values.* The RDEB patients examined
demonstrated smaller maxillae than normal (length 41.3 = 2.9 mm compared to 47.4 = 2.5 mm) and
smaller mandibles than normal (Ilength 82.3 = 6.1 mm compared to 93.1 + 4.2 mm). Thisimpaired growth
may result from reduced food intake or severe orofacial scarring associated with RDEB. This contributes
significantly to dento-alveolar disproportion and dental crowding and puts patients at increased risk of

dental caries. (Angle Orthod 2002;72:55-60.)
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INTRODUCTION

Epidermolysis Bullosa (EB) describes a mixed group of
hereditary, chronic, noninflammatory skin diseases. All
types of this disease are characterized by exceptional skin
fragility and share the common feature of reduced resis-
tance to shearing and frictional injury. Mild to moderate
trauma even from everyday wear and tear can cause large
bullae and ulcers of the skin and mucous membrane. In
some cases bullae develop spontaneously.? Epidermolysis
Bullosa is a rare skin disease that affects al populations
and racial groups and equally afflicts males and females.

The classification of EB is on the basis of genetic modes
of inheritance, anatomic location, lesion distribution, and
morbidity associated with theillness. Epidermolysis bullosa
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is classified into 4 main groups and at least 23 subtypes.?
This report is confined to children and adolescents affected
by the very severe form of EB which has an autosomal
recessive inheritance pattern—Recessive Dystrophic Epi-
dermolysis Bullosa (RDEB).

Recessive Dystrophic Epidermolysis Bullosa is charac-
terized by sub lamina dura separation, due to blistering be-
low the lamina densa of the basement membrane zone. It
is associated with the absence of Type VII collagen fibers.2
As with al forms of EB, there are widespread bullae in-
volving the skin and mucosa that heal with atrophic scar-
ring (Figure 1). There are aso defects resulting in retar-
dation of bone growth.2 In RDEB, the teeth are not directly
affected although severe anterior crowding is common (Fig-
ure 2).

Dental management of these cases is difficult. There is
repeated blistering and ulceration from eating normal con-
sistency foods. These ulcers hea with scarring leading to
microstomia and limited oral opening. The buccal and ves-
tibular sulci are eliminated and there is a marked tongue
atrophy or ankyloglossia.® Routine preventive care such as
tooth brushing may lead to bullous formation on the lips,
gingivae, and oral mucosa, causing severe pain and discom-
fort. The scarring leads to trismus. The severe oropharyn-
geal and esophageal scarring requires that food is liquefied
and even then there can be marked dysphagia (Figure 3).
Scarring of the fingers and hands (Figure 4) makes it dif-
ficult for children to brush properly. The discomfort of
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FIGURE 1. Facial view of 14-year-old male with RDEB showing mi-
crostomia, severe angular cheilitis, and ulcerated lesions on the
cheeks. There is also scarring from ocular and palpebral blistering.
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FIGURE 3. A barium swallow showing scarring and stricture within
the esophagus.

FIGURE 2. Anterior view of teeth of 10-year-old male with RDEB
and severe dentoalveolar crowding. There is a healing blister on the
upper lip, generalized gingivitis, and crusting in the angular area.
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FIGURE 4. Scarring of hands leads to severe contracture making it
difficult for RDEB patients to hold and manipulate a toothbrush.
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brushing results in poor oral hygiene that leads to advanced
periodontal disease that can result in early loss of primary
and permanent teeth. There is also an association with the
occurrence of premalignant lesions with some studies dem-
onstrating positive predisposition to oral carcinoma such as
squamous cell carcinoma.* Dental caries is common and
may be mild or rampant® and poor oral hygiene is one con-
tributory factor. The other factor is a diet rich in sugar and
carbohydrates that is necessary to provide sufficient caloric
intake to maintain growth. Because of the oropharyngeal
blistering, food is consumed in small amounts frequently
throughout the day.®

There is no quantitative data on the craniofacial pattern
of these children. It is unlikely that craniofacial develop-
ment will have remained unaffected by this condition.
Growth is a particular problem in children with RDEB and
is thought to be secondary to inadequate nutrition.” The
effects include retardation in skeletal growth and develop-
ment affecting the entire body and the cranial and facial
bones. A recent report detailed the development of the teeth
in RDEB and showed that there was a small, but significant
delay in dental maturation.® There is no data on growth and
development of the craniofacial skeleton.

This investigation was undertaken to determine the mag-
nitude and pattern of craniofacial growth in RDEB patients.
Lateral cephalometric radiographs were used to estimate
craniofacial development.

MATERIALS AND METHODS

The RDEB patients for this study attended the multidis-
ciplinary EB clinic at The Great Ormond Street Hospital
for Children, London, United Kingdom. This hospital is a
tertiary referral unit and receives patients only from spe-
cialists or consultants. These patients attended at yearly in-
tervals from all parts of the United Kingdom. Many of the
patients attend as part of the shared care ongoing between
the EB clinic at The Great Ormond Street Hospital for Chil-
dren and the local Pediatric Unit close to the child’s home.
The lateral skull radiographs were taken as part of the den-
tal assessment for all RDEB children attending the multi-
disciplinary clinic. Not all RDEB patients were radio-
graphed as some were too young or had received a full
dental assessment in adental clinic near to the child’'shome.

The study material comprised lateral cephalometric ra-
diographs of RDEB patients collected over a period of 6
years. The comparison was made with published longitu-
dinal data. The radiographs were analyzed by the Jiffy Or-
thodontic Evaluator (JOE Version 4.0, Rocky Mountain Or-
thodontics, San Francisco, Calif). The points digitized are
shown in Figure 5. The cephalometric landmarks used for
computation of the outcome variables are shown in Table
1. A pilot investigation confirmed that JOE produced sta-
tistically similar results as conventional hand tracing. The
outcome variables from the sample radiographs were
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FIGURE 5. Cephalometric points traced.

matched up with the same variables from the published
normal values of Bhatia and Leighton.* In addition, each
outcome variable was matched with the mean normal value
for age and gender. Ethnicity was not recorded in the Bhatia
and Leighton study (the control sample) so subjects could
not be matched by this criterion. These data were then sub-
jected to statistical analysis using the Mann Whitney test
as the data were nonnormally distributed when subjected to
the Shapiro Wilk test for normality. Variables that give sig-
nificantly different results are shown in Table 2.

Intra-examiner repeatability was assessed on 10 radio-
graphs selected randomly and recoded by one of the prin-
cipa investigators (Dr Shah). In addition, a further inves-
tigator (Dr McDonald) assessed 10 radiographs in order to
estimate inter-examiner reproducibility. This data was aso
analyzed by the Mann Whitney U test (a = .05).

The ingtitutional review boards of The Great Ormond
Street Hospital for Children and The Eastman Dental Hos-
pital gave approval for the project.

RESULTS

The 42 RDEB patients (25 males, 17 females) were com-
pared with 42 controls matched for age and gender from
the normal standards. The age ranged from 4 years 1 month
to 18 years 4 months. On statistical testing, maxillary
length, mandibular length, middle facial height, lower facial
height, and the distance from lower lip to esthetic plane
were significantly reduced in the RDEB group compared to
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TABLE 1. Cephalometric Landmarks Used in Recessive Dystrophic Epidermolysis Bullosa Radiographs

Anterior point on the frontonasal suture. If it was not possible to reliably identify this, the
deepest part of the concavity at the site of the suture is used instead.

Midpoint of line connecting the posterior clinical process and the anterior opening of the

Point at which the nasal septum merges with the integument of the upper lip
Deepest point on the concave outline of the upper labial alveolar process extending from
the anterior nasal spine to the prosthion

Tip of the crown of the most anterior mandibular central incisor

Root apex of the most anterior maxillary central incisor

Tip of the crown of the most anterior maxillary central incisor

Root apex of the most anterior mandibular central incisor

The most antero-superior point on the labial crest of the mandibular alveolar process
The deepest point on the bony curvature between the crest of the alveolus (infradentale)

The most anterior point on the mandibular symphysis
The most antero-inferior point on the mandibular symphysis

The lowest point on the lower border of the mandibular symphysis
Point of intersection of the posterior margin of the ascending ramus and the outer margin

Most superior point on the head of the condyle

The perpendicular dropped from point S onto a line extending the palatal plane. Used for
assessing the length of the maxillary base
Lowest point on the anterior border of the foramen magnum

N Nasion
S Sella Center of the sella turcica
Se Midpoint of sella entrance
sella
Sn Subnasale
A Point A
APMax Anterior maxillary landmark Perpendicular from point A to palatal plane
Pr Prosthion Crest of the upper labial alveolar process
Is Incisor superius
AP1 Apicale 1
li Incisor inferiorius
Apl Apicale 1
Id Infradentale
B Point B
and the Pogonion
Pg Pogonion
Gn Gnathion
Go Gonion The midpoint at the angle of the mandible
Me Menton
Ar Articulare
of the cranial base
Cd Condylion
Or Orbitale Lowermost point of the orbital border
ANS Anterior Nasal Spine The tip of the anterior nasal spine
PNS Posterior Nasal Spine The tip of the posterior nasal spine
S’ Landmark
Ba Basion
Ptm Pterygomaxillary fissure

Contour of the fissure projected onto the palatal plane

TABLE 2. Normal Values vs. RDEB Values for Variables Showing Significant Differences

Normal Values RDEB Values
Variable Mean (SD) Mean (SD) Significance
Maxillary Length (mm) 47.4 (2.5) 41.3 (2.9) P < .001
Mandibular Length (mm) 93.1 (4.2) 82.3 (6.1) P < .001
Middle Facial Height (mm) 65.2 (2.4) 54.1 (5.7) P < .001
Lower Facial Height (mm) 56.5 (3.5) 42.7 (4.9) P < .001
Lower Lip to Aesthetic Plane (mm) 2.6 (0.4) —2.6 (4.3) P < .001
Nasiolabial angle (degrees) 110.1 (1.1) 141.1 (16.4) P < .001
Saddle Angle (degrees) 130.7 (0.8) 123.7 (9.8) P < .001

the group of normal standards (P < .001). Saddle and na-
solabia angles were significantly larger in the RDEB group
compared to the group of normal standards (P < .0001).
This data is summarized in Table 2. The radiographic ap-
pearance of a normal child and a severely affected RDEB
child are shown (Figures 6 and 7).

There were no statistically significant differencesin mea-
surements recorded when inter- and intra-examiner repro-
ducibility was assessed (Mann Whitney U test, (P > .05).

DISCUSSION

It iswell established that the feeding problemsin RDEB
patients lead to a significant reduction in height and
weight.” It appears that this inhibitory effect on bone
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growth occurs also in the craniofacial skeleton. The use of
gastrostomy has overcome some of these problems by en-
abling the caloric intake of RDEB patients to be greatly
improved. The subjects in this study had the lateral skull
radiographs taken before the gastrostomy was placed.

The lack of contemporaneous lateral skull radiographs
from healthy children for the age range of subjects studied
is a shortcoming of this study. This is because such radio-
graphs are no longer taken as a routine for orthodontic di-
agnosis especially in the younger ages. The comprehensive
data from the standards published by Bhatia and Leighton*
were used. A shortcoming of this approach is that these
published standards did not record ethnicity. Although this
is a potential problem the differences noted between RDEB

SS900E 93l} BIA $1-G0-GZ0Z 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



RECESSIVE DYSTROPHIC EPIDERMOLYSIS BULLOSA

FIGURE 6. Lateral cephalometric view of a normal child aged ap-
proximately 10 years.

FIGURE 7. Lateral cephalometric view of a child with RDEB aged
approximately 9 years.

and control data was so great that any ethnic differences
would have only a minimal effect.

A further concern isthe relatively small sample size. This
is because RDEB is a rare condition and even tertiary re-
ferral centers such as Great Ormond Street Hospital for
Children, which acts as a national referral center, have only
relatively small numbers of suitable patients for study. Col-
lection of further radiographs was not possible because pa-
tients with inadequate growth were managed by placement
of a feeding gastrostomy. The numbers were further re-
duced because some of the radiographs were not of diag-
nostic quality.

This study supports numerically and statistically the clin-
ical perception that RDEB patients have small jaws and

59

faces. Although bone growth is significantly affected by
malnutrition,®° it is clear that even under conditions of se-
vere growth inhibition from growth hormone deficiency and
reduced caloric intake, the teeth are relatively unaffected.*
The clinical impression is that RDEB children have teeth
of normal size which, because of the reduced jaw size
quickly leads to severe dento-alveolar disproportion mani-
fest as severe anterior crowding® (Figure 2). In fact, dento-
alveolar disproportion is so severe in these patients that
removal of up to 8 teeth in the premolar-molar area has
resulted in reasonably good spontaneous alignment of teeth.

The overall effect on facial aesthetics of this poor bony
growth is clearly apparent with children often having a flat
profile that, coupled with the microstomia and scarring,
leads to poor facial appearance. The use of gastrostomy
may have a sufficiently profound effect on growth to com-
pensate for this severe skeleta retardation.”

It is difficult to know the relative contribution of the peri-
oral scarring to the growth inhibition. Such growth inhibi-
tion is seen in cleft lip and palate cases following their
surgical repair. Studies of unoperated clefts of lip, palate,
or both have indicated that the maxilla was similar in size
and relationships compared with a control sample.*? Repair
of a cleft lip or palate causes scarring of the soft tissues
and affects the normal growth of the bones.** In children
with RDEB it is probable that there is an association be-
tween the scar formation during the healing of intra-oral
ulcerative lesions and the abnormal growth of the maxilla
and mandible similar to the scarring deformities that occur
in the hands (Figure 4).

CONCLUSIONS

The clinical significance of these findings is clear. The
combined effects of malnutrition and scarring cause a
marked inhibition of facial growth. This contributes signif-
icantly to the marked dento-alveolar disproportion and con-
sequently to dental crowding. Combined with poor diet and
poor oral hygiene there is an increased risk of dental caries,
which is difficult to treat.** This is a significant burden for
patients with RDEB and detracts further from the already
reduced quality of life experienced by patients with this
debilitating condition. In addition, thereis an important aes-
thetic disfigurement associated with the malposed and mal-
aligned anterior teeth.

ACKNOWLEDGMENTS

We thank DEBRA (Dystrophic Epidermolysis Bullosa Research
Association) for financial support.

The institutional review boards for this study were the Research
Ethics Committees of The Great Ormond Street Hospital for Children
and The Eastman Dental Hospital, London, UK.

Angle Orthodontist, Vol 72, No 1, 2002

$S900E 98] BIA $1-G0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



60

REFERENCES

. Bhatia SN, Leighton BC. A Manual of Facial Growth. A Com-

puter Analysis of Longitudinal Cephalometric Data. London: Ox-
ford University Press; 1993.

. Fine JD, Eady RA, Bauer EA, et a. Revised classification system

for inherited epidermolysis bullosa: Report of the Second Inter-
national Consensus Meeting on diagnosis and classification of
epidermolysis bullosa. J Am Acad Dermatol. 2000;42:1051-1066.

. Wright JT, Fine JD, Johnson L. Oral soft tissues in hereditary

epidermolysis bullosa. Oral Surg Oral Med Oral Pathol. 1991,
71:440-446.

. Tidman MJ, Atherton DJ, Eady RAJ. Squamous cell carcinoma

as a complication of dystrophic epidermolysis bullosa. J Roy Soc
Med. 1984;77:37-39.

. Wright JT, Fine JD, Johnson L. Dental caries in hereditary epi-

dermolysis bullosa. Pediatr Dent. 1994;16:427-432.

. Allman S, Haynes L, Mackinnon P, Atherton DJ. Nutrition in

dystrophic epidermolysis bullosa. Pediatr Dermatol. 1992;9[3]:
231-238.

. Haynes L, Atherton DJ, Ade-Ajeyi N, Wheeler R, Kiely EM.

Gastrostomy and growth in dystrophic epidermolysis bullosa. Br
J Dermatol. 1996;134:872-879.

Angle Orthodontist, Vol 72, No 1, 2002

10.

11

12.

13.

14.

SHAH, McDONALD, LUCAS, ASHLEY, ROBERTS

. Kostara A, Roberts GJ, Gelbier M. Dental maturity in children

with dystrophic epidermolysis bullosa. Pediatr Dent. 2000;22:
385-388.

. Bavetta LA, Bernick S, Ershoff BW. Effects of caloric restriction

on the bones and periodontium in rats. Arch Pathol Lab Med.
1959;68:631-638.

Tonge CH, McCance RA. Normal development of the jaws and
teeth in pigs and the delay produced by caloric deficiences. J
Anat. 1975;115:1-22.

Postlethwaite KM, Roberts GJ. A morphometric and quantitative
microradiographic study of dental tissues in the hypopituitary
dwarf mouse. Arch Oral Biol. 1989;34:563-570.

McCance AM, Roberts-Harry D, Sherriff M, Mars M, Houston
WJB. A study model analysis of adult unoperated Sri Lankans
with unilateral cleft lip and palate. Cleft Palate J. 1990;27:146—
154.

Mars M, Houston WJB. A preliminary study of facial growth and
morphology in unoperated male unilateral cleft lip and palate sub-
jects over 13 years of age. Cleft Palate J. 1990;27:7-10.

Wright JT. Comprehensive dental care and general anaesthetic
management of hereditary epidermolysis bullosa. A review of
fourteen cases. Oral Surg Oral Med Oral Pathol. 1990;70:573—
578.

SS900E 93l} BIA $1-G0-GZ0Z 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



