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Abstract (250 words)

Background: Epidermolysis bullosa (EB) is a rare genetic mucocutaneous disorder
characterized by epithelial fragility leading to blister formation on skin and mucous membranes
with even minor mechanical trauma. Most EB oral health publications give fragmented
information, focusing on only one oral health aspect or one EB type. The aim of this study was
to expand the knowledge of the overall oral health status of individuals with dystrophic,
junctional and simplex EB.

Methods: A comparative multicenter study, including a control group, and based on
questionnaires and clinical examinations, was undertaken in three EB expert centers.

Results: Most EB (90.2%) participants brushed their teeth at least once a day despite the pain.
The prevalence of enamel defects and caries experience did not differ between the 42 EB
participants and the 42 age-/sex-matched healthy controls. Gingival inflammation unrelated to
dental plaque accumulation was found in EB participants. Blisters, erythema, erosion/ulceration
mainly involved gingiva, buccal mucosa, lips and palate, with different topographical patterns
according to EB type. EB patients whatever the age showed a similar lesion distribution.
Simplex and Dystrophic EB patients under 12-year-old displayed higher lesion severity than
junctional EB ones. Only Dystrophic type exhibited microstomia and ankyloglossia.
Conclusion: Oral health status seemed to benefit from a close collaboration between dentist
and dermatologist, and from regular dental examination, starting at a young age and with a
focus on prevention. The new appreciation of oral health involvement highlighted by this study

is essential for EB patients care, regarding comorbidities and quality of life.



Oral health status in patients with inherited epidermolysis bullosa: a

comparative multicenter study

1] INTRODUCTION

Inherited epidermolysis bullosa (EB) is a group of rare genodermatoses characterized by
mechanical fragility of skin/mucous membranes as a result of cleavage within dermal-
epidermal layers leading to blistering. Bullous lesions can severely handicap individuals
because of their local and systemic consequences ! (Figure 1[A-B]). People with EB have
general complications such as digestive, respiratory, ocular and urogenital manifestations and
possible malignant degeneration. In the most severe cases, the condition is life-threatening, and
life expectancy is shortened (by about 30 years) 1. Moreover, this disease has a significant
impact on quality of life 2. Four major types of EB are described, based on the localization of
the split at the epidermal ultrastructural level: simplex EB (SEB; intra-epidermal cleavage),
junctional EB (JEB; dermal-epidermal split), dystrophic EB (DEB; intradermal cleavage) and
Kindler's syndrome (multifocal) 2. None of acquired form of EB were considered in this study.

The oral cavity is especially affected because of constant exposure to oral functions from an
early age. Oral lesions are characterized by erythema, blistering and their aftermath (e.g.,
erosions, ulcerations, crusts and atrophic scarring)®. Number, frequency and severity of the
lesions depend on the type of EB ° (Figures 2 [A-D] and 3[A-B]). Except for Wright et al. 8
in the 1990s (including a cohort of 292 patients) and Fortuna et al. ® (92 patients) reports, most
studies bring fragmented information focusing on only one aspect of oral health (oral soft-tissue
lesions, oral hygiene, caries or enamel defects) #>1%12 or only one type of EB 316, Recently,
our group reported that the distribution of oral mucosal lesions depends on the type of disease

and that gingival inflammation might be a specific feature reflecting the intrinsic fragility of



the gingival tissues 7. However, many questions remain on EB oral health status, such as the
prevalence of functional sequelae *® (in particular ankyloglossia and microstomia), caries
experience, enamel defects, oral hygiene and dietary habits. This information is especially
relevant in the pediatric population, requiring special attention.

The aim of this study was to report global oral health (prevalence and distribution of oral
lesions at the level of mucosa, periodontal tissues and dental structures) and oral health-related
habits (hygiene and diet) in a cohort of individuals with DEB, JEB and SEB as compared with

age and sex-matched controls.

2| MATERIALS and METHODS

2.1| Study design

This comparative multicenter study including a control group was conducted in three EB
expert centers, in Belgium (Leuven) and France (Nice, Toulouse) between September 2017 and
December 2019. The protocol received institutional approval (Commission Nationale de
I'Informatique et des Libertés : CNIL, identifier no. R0172003095), and the study was

registered at ClinicalTrials.gov (NCT04217538).

2.2| Participants

EB group: All EB patients, regardless of gender, age and type of inherited EB, in any of the
three expert centers were invited to participate during the dental consultation, part of their
regular care. To be eligible, patients and/or guardians needed to understand French (Nice and
Toulouse) or Dutch (Leuven) in order to capture all information and to provide their consent.
If oral clinical examination could not be performed, mostly because of a lack of cooperation,

the patient was excluded.



Control group: For each individual enrolled in the EB group, we included an age- and sex-
matched healthy patient consulting (for regular treatment or check-up only) in the same time

frame at the Toulouse hospital dentistry department.

2.3| Questionnaire and clinical procedures

All seven dental practitioners involved in the clinical examinations are teachers in oral
pathology or pediatric dentistry, they perform their clinic in pediatric dentistry, periodontology
or special care. Before the beginning of the study, all examiners met several times to discuss
different representative clinical control and EB cases to calibrate theselves for the diagnosis,
until reaching a full agreement. The oral clinical examination was performed following World
Health Organization recommendations 8. The reference indices chosen to describe the oral
health condition of the participants were the Decayed, Missing, Filled Teeth index (DMFT) to
summarize dental caries experience (cavitated lesions), the Plaque Index (PI) to describe the
presence of dental plaque accumulation reflecting the level of oral hygiene and the Gingival
Index (GI) to describe the extent of gingival inflammation. Presence of enamel hypoplasia was
reported. The Epidermolysis Bullosa Oropharyngeal Severity (EBOS) *° score (range 0 to 60)
was used to assess the severity of oral mucosal involvement.

Examinations took place in a dental setting with use of a dental probe, mirror and light
source. Data collection was completed with information obtained by asking a few questions
regarding their dietary habits, oral hygiene practices and dental attendance (Table I).

All data were entered in an anonymized file that was designed by all expert dentists involved
in the study. In some cases, when indicated, radiography was performed for diagnostic purposes

but was not part of data collection within the frame of this study.

2.4| Statistical analyses



Frequencies (percentages) are given for categorical variables and mean + SD or range for
continuous variables. As patients under 12 years old undergo periodontal changes with regular
local inflammation caused by physiological dentition changes, that could also influence the
presence of EB lesions. Thus, a subdivision of the sample at 12 years old was decided as a
cutoff for comparison in each EB and control groups in order to improve the relevance of the
results for oral examination, by making sure that the physiological changes were not the reason
of the oral lesion, as all permanent teeth (except the wisdom teeth) are erupted.?

The Wilcoxon test was used for comparing groups. Stata software (STataCorp., College
Station, TX) was used for analysis. If one of the groups had missing data, the associated

unpaired data were excluded from analyses. P<0.05 was considered statistically significant.

3| RESULTS

3.1| Participants characteristics

Among the 42 individuals with EB included in this study, 25 (59.5%) had a diagnosis of
DEB (4 dominant and 21 recessive forms), 5 (11.9%) JEB and 12 (28.6%) SEB. The mean age
of the EB group was 13 + 15.1 years (range 2 to 78), with a female:male ratio of 19:23. In the
<12-year-old subgroup, the mean age was 7 + 2.9 years (range 2 to 12), with a female:male

ratio of 11:18. We included 42 age- and sex-matched controls.

3.2| Dental attendance, hygiene and dietary habits (Table 11)

Both EB participants and controls had regular follow-up and prophylaxis consultations with
the dentist. Most EB (90.2%) and control (97.6%) participants brushed their teeth at least once
every day. These results were similar for patients under 12 years old. Nevertheless, less than

half of EB participants (43.9%) reported brushing only once a day, whereas most controls
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(73.8%) brushed twice a day. More than half of EB participants (predominantly those with
DEB) reported difficulties with toothbrushing. The main issues mentioned by all EB patients
were “pain” and “limitation of mouth opening” (42.9% and 16.7%, respectively), more
frequently in DEB than in other participants (52.0% and 20.0%). In addition, DEB and JEB
participants reported difficulties with chewing and swallowing; one-third of them consumed
only soft food. For patients under 12 years old, brushing was generally performed by the
parents, especially for those with JEB (100.0%) or DEB (94.1%) as compared with the control
group (66.6%). The frequency of “gingival bleeding when brushing” was higher for EB
participants than controls (32.5% vs 17.5%), regardless of age. The frequency of sugar

consumption did not differ between EB participants and controls.

3.3| Oral mucosa examination (Table 111, Figure 4[A-B])

EB participants exhibited mainly oral mucosal erythema, blisters and erosions/ulcerations.
Ten (23.8%) EB participants (predominantly SEB) did not show any oral mucosal lesions on
clinical examination.

The mean EBOS score was 3.3 £+ 3.0. DEB participants had the highest mean score (4.4 +
2.9) and SEB participants the lowest (1.4 + 2.1). Microstomia and ankyloglossia were found
only in DEB (40.0% and 48.0% of total DEB, respectively). Oral lesions showed a wide
distribution over the mucosal surfaces, in all types of EB, with the exception of the oral cavity
floor, which was never affected in SEB. Gingiva (81% of total EB), oral mucosa on the cheeks
(73.8% of total EB), lips (64.3% of total EB) and palate (61.9% of total EB) were the most
affected areas. Despite the overall similar oral mucosa lesion distribution within each EB group,
SEB and DEB patients under 12 years old had more severe symptoms than their over 12 years

old counterparts.
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3.4| Periodontal examination

Gl and “gingival bleeding when brushing” scores revealed gingival inflammation level and
severity. EB participants showed higher mean GI and frequency of “gingival bleeding when
brushing” than controls, regardless of age !’. The mean GI and “gingival bleeding when
brushing” frequency were higher for DEB than for SEB and JEB participants (1.8 + 0.8; 47.8%
vs 1.2 £ 0.7; 8.3%, and 1.1 + 0.6; 40.0%); mean PI did not differ among groups (DEB: 1.7 +

0.7: SEB: 1.6 + 1.0; JEB: 1.80 + 0.6). Under 12-year-old participants showed similar results.

3.5| Dental examination

Sixty percent of JEB participants showed enamel hypoplasia, which was significantly higher
than what was observed in DEB (12.0%), SEB (8.3%) and control participants (11.9%) (Table
I1). Caries experience and enamel hypoplasia frequency did not differ significantly between EB
participants and controls, regardless of age. Among all participants including controls, DEB
participants had the lowest mean DMFT score (3.1 + 5.3). EB participants’ and controls’ DMFT
scores did not differ (3.9 £ 6.1 vs 5.03 £ 5.5; p = 0.1), regardless of age (3.8 £+ 4.3vs 5.1 + 4.3,

p = 0.1 for patients <12 years old).

4| DISCUSSION

This work on the global oral health condition of individuals with inherited EB highlighted
that distribution of the lesion on mucosa or gingiva depend on EB type while their severity
depend on age. Analysis with an age cutoff allowed us to show that for DEB and SEB patients,
individuals under 12 years old were the ones most severely affected.

The size of the sample in this study is quite large for a rare condition and is one of the largest

published among those that investigated the three major types of EB. The number and diversity
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of EB participants and the inclusion of a matched (by sex and age) control group adds value in
comparison with previously published case series or cohort studies 8%2223_ Furthermore, our
results were sustained by the systematic examination according to validated scales for oral
health - teeth, periodontium, mucosa - key components and their daily oral maintenance habits
records. Due to practical team and services organization, the control group including patients
for regular treatment and oral check-up was only recruited at the Toulouse hospital. Even so it
could be considered as a limitation of the study, there are no recent data on oral health patients
in France, so we decided to compare the EB population with the one treated as the hospital as
they were also treated at the hospital. Given our respective experiences and expertise as dental
hospital professionals, it was considered representative of the oral health status of the
population of all our dental care centers. Furthermore, EB patients came from all over France
or Belgium, it would have been impossible to find matched patients in every town.

Most of the participants exhibited oral lesions, with a mean EBOS score of 3.3 (maximum
21.0), which is lower than the mean score reported by Fortuna et al. ¥ (12.9, maximum 23.8).
This finding can be explained by the smaller size of our sample (42 vs 92), a lower proportion
of participants with DEB (60.0% vs 75.0%) and the regular (annual or semestrial) dental follow-
up of our participants. JEB and DEB individuals showed a different distribution of lesions and
were the most severely affected '113181%  Although the mucosal lesions’ topographic
distribution was the same regardless of age, the oral mucosal lesions’ severity was higher for
under 12 years-old DEB and SEB patients. Age and EB type mainly contribute to lesion severity
and distribution, respectively. This heterogeneity in lesion distribution and severity highlights
the critical necessity to follow and document our patients’ oral health status.

Periodontal considerations have been mainly reported in people with Kindler EB subtype,
displaying early and rapidly progressive periodontitis as acommon feature 2*. In other EB types,
plaque accumulation and gingival inflammation data were reported higher than in our study

8913 'which may have masked an intrinsic gingival inflammation. Indeed, we reported that DEB
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participants showed substantial and constant gingival inflammation and high frequency of
“gingival bleeding when brushing”, which couldn’t be justify with oral hygiene clinically level
(i.e the quantity of dental plaque) '’. In this situation, gingival inflammation cannot be
associated with a lack of oral hygiene 26 but rather reflects a specific feature of DEB %), The
extent, severity and progression of gingival lesions can be affected by systemic factors, such as
impaired gingiva due to genetic mutation, which underlines changes in the organization of the
periodontal tissues 2°. Our findings might be explained by the role of the mutated protein
(collagen 7, for example, in DEB type) in oral mucosal physiology 2’. Because long-term
gingival inflammation generally leads to periodontitis, management of the oral hygiene of these
patients is mandatory to prevent periodontitis and tooth loss.

Enamel structural defects (i.e., hypoplasia) have been described in EB patients and are
related to EB genetic mutations that also affect ameloblastic differentiation 82128, However, the
work of Kirkham et al. and Wright et al. concluded that the enamel of DEB patients was normal
12 and that only JEB patients display developmentally compromised enamel with mineral
defects * (more frequently in molars than incisors 2°), whereas SEB patients seemed less
affected ’. In the present work, we did not observe significant differences in the prevalence of
enamel hypoplasia between EB participants and controls. This finding might be explained by
the increase in the enamel defect prevalence in the general population, especially molar incisor
hypomineralization (affecting up to 40.0% of the population) and hypomineralized second
primary molars (up to 7.0%) *° and the low proportion of JEB individuals in our sample.

Only DEB patients showed ankyloglossia and microstomia, as previously reported 252628,
These tissue retractions reduce access to the oral cavity and also explain the altered dietary
habits because of chewing and swallowing difficulties >!2, Microstomia tends to worsen
without interception if developed at a young age, so it requires our attention and follow-up.
Eventually, it will lead to severe difficulties in maintaining good oral hygiene and limitations

in access to the posterior part of the oral cavity when dental treatment is needed. This situation
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will result in ethical reflections regarding the need for and timing of posterior teeth extractions
before treatments become completely impossible. Although feeding through a gastrostomy is
often implemented for individuals with severe microstomia, some still consume juices or other
types of sugary food. In combination with unproper oral hygiene, this consumption will increase
the development of carious lesions. A protocol using exercises is currently being tested and
shows encouraging results in interfering with the development and progression of microstomia.

The present study demonstrated no difference in sugar consumption frequency between EB
and control groups, in accordance with Harris et al. = results, but not with previous reports °.
These seemingly conflicting results might be attributed to the increased attention given to
children’s sugar restriction in general. In line with Wright et al. 11, the present study confirms
that caries development is not a specific sign of EB but rather a consequence of impaired oral
health-related habits. Our participants had better oral health, dental care and dietary habits, with
better oral hygiene levels and lower caries experience, than reported in previous studies 631,
These results can be explained by the fact that these participants were included in a
multidisciplinary program with regular follow-up by a dentist and dermatologist working
collaboratively. Moreover, participants followed strict preventive recommendations 3!,
including daily toothbrushing using a fluoride containing toothpaste, fluoride applications
every 6 months and restriction of sugar intake. Despite frequent parental support with brushing
(more frequent for EB groups), oral hygiene remains a point of attention requiring continuous
education and motivation of patients and parents for brushing/cleaning techniques.

Some recommendations 31 32 are meant to help dental practitioners to care for these patients.
Specific precautions are needed to be followed to treat those that suffer from the most sensitive
mucosa and frequent oral lesions, such as lubricate the mouth or any dental instruments prior
to treatment, and never use suction.

Investigating oral health habits of our patients raised an important element for professionals:

the use of chlorhexidine mouthwash was widely advocated for gingivitis prevention in patients
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with EB due to its antiseptic properties G1. However, two recent Cochrane meta-analysis
concluded that there was insufficient evidence to prove that chlorhexidine (whatever its
concentration) was efficient to reduce discrete to severe gingivitis ©¥, and its role for caries
prevention is very controversial ®¥). Furthermore, side effects of long use of chlorhexidine, such
as transient taste disturbance, extrinsic tooth staining, and calculus build up, are not negligible.
Thus, systematic use of chlorhexidine mouthwashes is not recommended for EB or any patients.
However, in case of extensive and severe mucosal lesion occurrence, chlorhexidine
mouthwashes anti-inflammatory property can help in reducing pain and inflammation, thus

supporting tooth brushing ©2 when used for a short period of time.

5| CONCLUSION

This large study highlights new appreciations regarding oral health involvement in people
with EB, allowing improvements in patient care. Firstly, we observed an EB type-dependent
topographical distribution pattern of oral mucosal lesions. Secondly, patients under 12 years
old seem to exhibit more severe clinical signs than those over 12 years old, but long-term
follow-up is needed to confirm this clinical trend. Thirdly, DEB participants displaying more
severe lesions also showed stronger gingival reaction to dental plagque accumulation. Finally,
oral health status seems to benefit from a close collaboration between the dermatologist and
dentist. General dental practitioners are qualified to treat these patients in the context of regular
dental care, including prevention and oral health education. They can refer to a specialist when
needed for heavier treatment, or for the most severely impaired patients, in particular in DEB

type condition.
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