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ABSTRACT

Background: Epidermolysis bullosa (EB) is a rare genetic condition characterized by skin and mucosal fragility. The clinical
phenotype is highly variable. Severe types and subtypes, such as junctional EB (JEB), kindler EB (KEB), and recessive dystrophic
EB (RDEB), are considered to present a high risk of oral health problems, including malocclusions. Despite this, the literature on
orthodontic treatment in patients with EB is scarce and is limited to a few case reports.

Objective: To provide the users with information on the current best practices for orthodontic and dentofacial orthopedic
diagnosis and treatment for patients with EB.

Methods: Current information regarding orthodontic treatment in patients with EB was identified based on a systematic literature
review. A panel of experts was invited to provide additional information based on their experience through an open-ended form.
Later, a Delphi study was performed over two rounds with a consensus threshold at 75%. Members of the medical team and patient
representatives revised the final document.

Results: The panel (n = 12) agreed on a total of 15 recommendations, divided into three categories: general information on EB
and orthodontics; orthodontic diagnosis and orthodontic treatment. A fourth category on perspectives was developed based on
the feedback provided by non-dental members of the medical team (n = 4) and patients (n = 2).

Conclusions: Orthodontic treatment guidelines for patients living with EB are presented, including general aspects of EB,
orthodontic diagnosis, and orthodontic treatment.

Disclaimer: The recommendations contained in this expert consensus document do not indicate an exclusive course of action or serve as standard medical care. Variations, taking individual
circumstances into account, may be appropriate. The authors of these consensus statements have made considerable efforts to ensure the information they are based on is accurate and current. It is
strongly recommended that users confirm the information contained within them. The authors have no responsibility for any inaccuracies, information perceived as misleading, or the success of any
treatment regimen detailed in the document.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly
cited.

© 2025 The Author(s). Special Care in Dentistry published by Special Care Dentistry Association and Wiley Periodicals LLC.
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1 | Introduction

Inherited epidermolysis bullosa (EB) is a rare disease character-
ized by skin and mucosal fragility. It is caused by genetic variants
in structural proteins of the basement membrane zone, showing
a variable phenotypic presentation with four major types and 36
subtypes [1]. These types are EB simplex (EBS), junctional EB
(JEB), dystrophic EB (DEB), and kindler EB (KEB). According
to their clinical presentation, each type has its subtypes, with
recessive dystrophic EB (RDEB) being one of the most severe [1,
2].

The typical oral characteristic of all four types is skin and mucosal
fragility, causing oral lesions, including bullae, ulcers, erosions,
and vesicles develop under traction/shear forces that in the
non-EB population generally would not cause any harm [3].
Other characteristics might depend on the subtype. In RDEB,
oral strictures such as microstomia, ankyloglossia, and vestibule
obliteration can present, as well as a high caries index, and
absence of tongue papillae and palatal rugae. In patients with
JEB, syndromic amelogenesis imperfecta (AI) can be found
as generalized hypoplastic or pitted hypoplastic enamel. JEB
patients also get perioral granulation tissue, gingival hyperplasia,
tooth retention, and crown resorption [4]. In KEB, early onset
periodontal disease and pitting Al may also be present [3, 5].

The dental approach to patients with EB focuses on prevention
and early access to appropriate care. Even though dental diseases
can be challenging to control and several features can be pro-
gressive over time, this focus on prevention has led to better oral
health in these patients’ lives, modifying the natural history of
the disease from early-age edentulism to patients with their teeth
until adulthood [3]. Improving their oral health and quality of life
has required the participation of more dental specialties, one of
them being orthodontics, as malocclusions are a common feature
in patients with EB, such as RDEB [6].

Multiple cases of orthodontic treatment in EB have been reported
as new technologies in this field emerge, such as aligners and
mini-implants [7, 8]. Even so, access to these treatments remains
scarce due to barriers, such as economic burden, lack of trained
professionals in rare diseases, or long-distance travel [3, 9].
The present Clinical Practice Guidelines (CPG) on orthodontic
treatment in patients with EB seek to fight access barriers and
improve the quality of treatments for people living with EB.
It has been developed using a standard methodology based on
a systematic review of the scientific evidence and assessed by
an international panel of experts in EB, including orthodon-
tists, pediatric dentists, special care dentists, speech therapists,
and dermatologists, using a consensus strategy with Delphi
methodology.

2 | Scope and Purpose
21 | Aim
To provide the users with information on the current best

practices (BPs) for orthodontic and dentofacial orthopedic (DO)
diagnosis and treatment for patients with EB.

2.2 | Users

Specialist in orthodontics, pediatric dentistry, and special care
dentistry. This CPG will provide information and recommen-
dations for dentists and specialists in the field of orthodontics
with a special approach for patients living with EB. This is not
a guideline for dentists to learn how to perform orthodontic
treatment. Patients or other healthcare providers, especially
dermatologists and primary care providers, can benefit from its
information, but it will not enable them to perform this type of
treatment.

2.3 | Target Group

These guidelines can be applied to all patients diagnosed with EB
who require or are under orthodontic or DO treatment, with no
gender or age limitation.

3 | Questions

The selected questions were defined based on the literature
analysis and addressed by a group of experts using consensus
Delphi methodology:

1. General information about DO and orthodontic treatment in

EB.

1.1 Is orthodontic and/or DO treatment possible in patients
living with EB?

1.2 Is orthodontic and/or DO treatment the same in com-
plexity for all patients with EB?

1.3 At what age should patients diagnosed with EB be
referred to an orthodontist for their initial orthodontic
evaluation?

2. Orthodontic and DO diagnosis in EB.
2.1 What main characteristics can be observed in patients
with EB?
2.2 What types of malocclusions or orthodontic problems are
most common among EB patients?
2.3 Which methods are necessary to achieve a successful
dentofacial orthodontic diagnosis in patients with EB?

3. Orthodontic and DO treatment in EB.

3.1 What are the benefits of orthodontic treatment in
patients with EB?

3.2 What are the multidisciplinary areas that patients with
EB may require prior to, during, or subsequent to
receiving orthodontic treatment?

3.3 Which considerations should be taken into account
when planning orthodontic treatment for patients with
EB?

3.4 Which adjustments can be implemented to adapt
orthodontic techniques for patients with EB?

3.5 Is orthodontic retention necessary for individuals with
EB?

3.6 What are the complications associated with orthodontic
treatment in individuals diagnosed with EB?

3.7 What considerations are necessary for maintaining
oral hygiene in patients with EB who are undergoing
orthodontic treatment?
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3.8 What are the barriers patients with EB face when it
comes to orthodontic treatment?

3.9 What adjustments for orthodontic treatment are needed
by patients with EB subtypes with low and moderate risk
of oral and dental manifestations and complications?

4. Other groups’ perspectives on this guide
4.1 What are the perspectives of patients and other members
of the medical team regarding this CPG?

4 | Systematic Literature Searching
4.1 | Literature Sources

The literature search ranged from 1994 to August 2024 (the last
30 years). Consulted sources included the electronic databases
PUBMED (MeSH, tiab), EMBASE (Emtree), The Cochrane
Library (DARE), the Cochrane Controlled Trials Register (CEN-
TRAL), and SCIELO. Hand-searching, including journals, confer-
ences, and other sources of guidelines, was assessed. Unpublished
documents that meet the selection criteria, such as dissertations,
conference and technical reports, were also included.

4.2 | Selection Criteria of the Articles

Articles that mention relevant and specific information about
orthodontic and/or DO diagnosis and/or treatment in patients
with EB, published between 1994 and August 2024 in any
language, were included. All articles were screened, with a first
stage based on the title and the abstract and a second stage
based on the full article. The criteria to reject articles at both
stages were:(a) The article is unrelated to inherited EB. (b) The
article describes dental treatment in patients with EB but does
not include DO or orthodontic information, such as diagnosis
or treatment. (c) The cohort has already been included in a
different article. (d) Literature review, which does not provide
new information.

4.3 | Search Strategy

The search strategy used to identify proper articles was developed
for MEDLINE and adapted to each database, using a compilation
of controlled vocabulary and free text based on the following
terms.

#1 Epidermolysis Bullosa: ti, ab, kw

#2 (Acantholysis Bullosa): ti, ab, kw

#3 MeSH descriptor Epidermolysis Bullosa exploded all trees

#4 MeSH descriptor Orthodontics exploded all trees

#5 MeSH descriptor Malocclusion exploded all trees

#6 (malocclusion): ti, ab, kw

#7 (crossbite): ti, ab, kw

#8 (orthodontic): ti, ab, kw
#9 (oral functions): ti, ab, kw
#10 #1 OR (#2 OR (#3))

#11 #4 OR (#5)

#12 #6 OR (#7 OR (#8 (#9)))
#13 #11 OR #12

#14 #10 AND #13

(“Epidermolysis  Bullosa”[Text Word] OR “acantholysis
bullosa”’[Text Word] OR “Epidermolysis Bullosa”[MeSH])
AND (“orthodontics”[MeSH Terms] OR “Malocclusion”[MeSH]|
OR “malocclusion”[Text Word] OR “crossbite”[Text Word] OR
“orthodontic”[Text Word] OR “oral functions”|Text Word]).

4.4 | Method Used for the Formulation of the
Recommendation and Report

The SIGN Guidelines were used to formulate the following
recommendations and the AGREE guidelines for reporting CPG
[10, 11].

4.5 | Clinical Experts and Patient Representatives

The information selected was complemented and assessed by
a group of professionals with experience in EB who had
previously performed any orthodontic or DO treatment. They
were recruited through the IADH (International Association
for Disability and Oral Health) research network (register at:
http://iadh.org/research/) and Debra International networks.
Inclusion criteria were those centers/professionals who reported
performing orthodontic treatment on people with rare diseases,
specifically EB. A total of 12 professionals participated, includ-
ing orthodontists, pediatric dentists, and special care dentists.
The information was assessed using a Delphi approach with
a threshold of agreement set at 75%. After two rounds, total
agreement was obtained. The perspectives of four medical team
members (dermatologist, psychologist, and speech therapist) and
two patients regarding this CPG were also included. External
revision was performed by an orthodontist with experience in
EB who did not participate in the panel. There were a total of 12
countries participating in this project. (Tables S1, S2, and S3).

5 | Guidelines Implementation

5.1 | Implementation Barriers

Even though this CPG is intended to improve access to orthodon-
tic treatment for patients living with EB, the implementation
of these CPG can face barriers according to the local context,

including:

* Limited access to dental treatment.
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http://iadh.org/research/

* Lack of access to a multidisciplinary team that includes a DO
or orthodontic treatment.

* Lack of proper training in orthodontics or DO.

* Economic limitations to provide orthodontic treatment.

5.2 | Implementation Strategy

Each team will be responsible for the implementation of this CPG.
Mechanisms should be considered to incorporate orthodontic
treatment for patients with EB, in case the patient needs it, and to
review the provided care, considering local adaptation.

5.3 | CostImplications

Cost analysis should be performed according to the local con-
text. Orthodontic treatment should consider professional hours,
appropriately trained personnel, dental equipment, orthodon-
tic material (including brackets, wires, pliers, etc.), and the
orthodontic laboratory.

5.4 | Further Areas of Research

* To evaluate orthodontic treatment needs in EB.

* To evaluate different orthodontic treatment strategies, their
challenges, and success rates in EB.

* To evaluate the impact of orthodontic or DO treatment on oral
functioning, including deglutition, masticatory function, and
parafunctional habits in people with EB.

5.5 | Guideline Updating Procedure

The guideline will be updated every 5 years after this guideline
publication. The team in charge of this update will be led by Dr
Susanne Krdmer and Dr. Sebastidn Véliz, who will be recruiting

professionals working in this subject by then. Authors can be
contacted for monitoring these recommendations.

6 | Results

6.1 | Literature Search

A total of 14 articles were found: one cross-sectional study, five
case—control studies (Table 1), and eight case reports (Table 2).
Review articles and articles on other topics were excluded.

6.2 | Recommendations

1. General information about DO and orthodontic treat-
ment in EB (Questions 1.1 to 1.3).

1.1. Is orthodontic and/or DO treatment possible in
patients living with EB?

Summary of Evidence

In the past, several authors have stated that individuals with
severe forms of EB, such as RDEB, are not suitable candidates
for orthodontic treatment [6] or that orthodontic treatment
is contraindicated [12]. Similarly, some members of the panel
reported unsuccessful attempts to perform orthodontic treatment
in patients with different types of EB.

However, successful interventions have been reported for patients
with severe subtypes of EB, including severe RDEB, JEB, and
KEB. The strategies implemented encompass early teeth extrac-
tions [13,14], DO appliances [8, 15], fixed metallic braces [8, 15-18],
aligners [7], and mini-implants [8, 18].

In addition to the EB-related challenges, the American Academy
of Pediatric Dentistry (AAPD) identified several variables that
can affect the success of orthodontic treatment at early ages,
including, but not limited to: the chronological, mental or emo-
tional age of the patient; the ability of the patient to understand
and cooperate; the intensity, frequency, and duration of an oral
habit; parental support for the treatment; the compliance with the
clinician’s instructions; craniofacial configuration and growth;
concomitant systemic disease or condition; accuracy of diagnosis;
appropriateness of therapy and timing of treatment [19].

Level of evidence: Nonanalytic studies [level 3]
Recommendation:

DO and/or orthodontic treatment is possible in patients living
with EB.

BP: Proper risk-benefit assessment should be performed before
treatment to identify variables related and not related to EB that
can affect orthodontic treatment.

1.2. Is orthodontic and/or DO treatment the same in
complexity for all patients with EB?

Summary of Evidence

Oral manifestations are very different among EB subtypes.
Patients with severe forms of RDEB present strictures of the
oral tissues, while those with JEB present Al, and KEB have
an increased risk of periodontal disease. Reports of orthodontic
treatment in patients with RDEB, JEB, and KEB reveal numer-
ous challenges, modifications, and limitations [7, 13-16, 18]. In
contrast, it has been stated that patients with mild forms of EB
require minor modifications and can tolerate orthodontic therapy
much better [3, 6].

The article “Oral health care pathways for patients with EB: a
position statement from the European Reference Network for
Rare Skin Diseases” [20] classifies patients with EB into three
categories according to risk for oral and dental manifestations and
complications:

* Patients with high risk of oral and dental manifestations
and complications (generalized and inverse types of RDEB,
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JEB, and KEB) present a significant level of complexity for
orthodontic treatment.

* Patients with EB subtypes that are associated with a moderate
risk of oral and dental manifestations and complications,
such as severe EBS, dominant DEB (DDEB), and localized
RDEB, present a moderate level of complexity for orthodontic
treatment.

* Patients with a low risk of oral and dental manifestations and
complications due to EB (EBS due to keratin, and KLHL24
mutations) present a standard complexity for orthodontic
treatment.

Regardless of the complexity of the orthodontic treatment needs,
the subtype of EB and its associated features will impact the
complexity of the treatment.

Level of evidence: Nonanalytic studies [level 3]
Recommendation:

Orthodontic and/or DO treatment is not the same in complexity
for all patients with EB.

1.3. At what age should patients diagnosed with EB be
referred to an orthodontist for their initial orthodon-
tic evaluation?

Summary of Evidence

It has been recommended for the general population that the
initial occlusion assessment be conducted before the age of
7 years [21]. Patients with EB are expected to be referred to
dental care (pediatric dentist/general dentist/special care dentist)
immediately upon EB diagnosis, as early referral and close follow-
up are key to keeping patients as healthy as possible [3]. In
this context, when malocclusions are noticed, patients should be
referred to an orthodontist. Orthodontic and DO interventions
have been reported in patients with EB as early as the age of 4
years [13,14,17]. The indications for orthodontic referral in special
care dentistry may include, but are not limited to, malocclu-
sion, facial compromise, and orofacial functional abnormalities,
including difficulties with speech, chewing, swallowing, and
breathing [9].

Level of evidence: Nonanalytic studies [level 3]
Recommendation:
Patients with EB should be referred for an orthodontic evaluation

at the age of 7 or as soon as any orthodontic problems are
detected.

2. Orthodontic and DO diagnosis in EB (Questions 2.1 to
2.3).

2.1. What characteristics can be observed in patients with
EB seeking orthodontic treatment?

Summary of Evidence

The phenotypic variability of EB can be attributed to the genetic
variants in at least 16 distinct genes encoding structural proteins
of the epidermis and the dermo-epidermal junction. There is
a wide range of clinical manifestations in different organs and
systems, depending on the type and subtype [1, 2]. In addition to
malocclusions, the clinical characteristics described in cases and
studies on orthodontic treatment in patients with EB are reported
in Table 2. These can include, but are not be limited to:

i. Extraoral: Facial skin lesions such as vesicles, bullae, blis-
ters, erosions or ulcers; facial erythema, epithelial atrophy,
milia, crusts, scars, granulation tissue, angular cheilitis,
and lip atrophy [7, 8, 13-18] can be seen. Specific extrao-
ral features are perioral granulation tissue in JEB and
poikiloderma in KEB [3].

ii. Intraoral: Mucosal lesions such as vesicles, bullae, blisters,
erosions or ulcers; granulation tissue, atrophic mucosa,
scalloped tongue, oral cancer, microstomia, ankyloglossia,
vestibule obliteration, caries, periodontal disease, enamel
hypoplasia, absence of tongue papillae or palatal rugae [7, 8,
13-18] (Figure 1) can be seen. In specific types, some features
are:

* RDEB: Absence of tongue papillae, vestibule obliteration,
microstomia, ankyloglossia, and high caries prevalence
[3].

» KEB: Early onset periodontal diseases [5].

* JEB: Gingival hyperplasia with profuse bleeding, AlI,
crown resorption during pre-eruptive stages, eruption
delay, and tooth retention [3].

iii. Oral functions: Pain associated with ulcers and lesions
can limit orofacial functions. In RDEB, oral functions are
affected by strictures, including microstomia, ankyloglossia,
and vestibule obliteration, limiting mouth opening, tongue
mobility, oral hygiene, deglutition, speech, swallowing, and
craniofacial growth [3, 6, 22-24]

iv. Systemic: Body skin lesions such as vesicles, bullae, blisters,
erosions or ulcers; pseudosyndactyly and musculoskeletal
contractures, fine fiber neuropathy, nail atrophy, esophageal
strictures, chronic granulation tissue, alopecia, recurrent
infections, anemia, malnutrition, faltering growth (failure
to thrive), osteopenia, kidney disease, hydrocele, urethral
stenosis, constipation, vitamin D deficiency and other vita-
min and mineral deficiencies, scoliosis, corneal ulcers and
walking difficulties [7, 8, 13-18].

Level of evidence: Nonanalytic studies [level 3]
Recommendation

Several clinical characteristics affect patients with EB, including
extraoral and intraoral features, oral functions, and systemic
conditions, especially in high-risk EB types, such as RDEB, JEB,
and KEB.

BP: Individual assessment should be performed to identify all
extraoral and intraoral features and oral functioning character-
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FIGURE 1 | Characteristics of patients with EB subtypes with high risk of oral and dental manifestations and complications. (A) Generalized
hypoplastic amelogenesis imperfecta in a patient with intermediate JEB. (B) Severe crowding and microstomia in a patient with severe RDEB. (C)
Chronic intraoral granulation tissue lesion in a patient with severe JEB. (D) Perioral and intraoral granulation tissue in a patient with severe JEB. (E)

Ankyloglossia and microstomia in a patient with severe RDEB. (F) Pseudosyndactyly in a patient with severe RDEB.

istics that might have an impact on the diagnosis and treatment
plan.

2.2. What malocclusion or orthodontic diagnoses are the
most common in EB patients?

Summary of Evidence

In general, malocclusions have been described in patients with
EB, including crowded teeth [13-16, 18, 25-27], molar class II [7,
15, 16], increased overjet and overbite [7, 26], retroclined lower
incisors [7], anterior, [8] and posterior crossbite [8, 25]. Skeletal
classes II [7, 16] and III [18, 18] have also been identified. Some
types of EB have been described to have specific dentofacial
anomalies. Patients with RDEB have a reduced maxillary length,
mandibular length, middle facial height, lower facial height, and
distance from the lower lip to the aesthetic plane. Additionally,
saddle and nasolabial angles can be greater [28]. Some authors
have proposed that reduced facial growth, which is associated
with malnutrition, faltering growth, and reduced alveolar arches
due to soft tissue constrictions, may result in dentoalveolar dis-
proportion and dental crowding in RDEB [3, 6]. In patients with
JEB, retention of teeth (failure of eruption), crown resorption, and
agenesis have been reported, which could lead to malocclusion [8,
29, 30].

Level of evidence: Nonanalytic studies [level 3]
Recommendation

The most common malocclusions described in EB are teeth
crowding and posterior crossbite. Specific subtypes of EB can

present distinctive features, such as reduced maxillary size in
RDEB and failure of tooth eruption in JEB.

2.3. Which methods are necessary to achieve a successful
dentofacial orthodontic diagnosis in patients with
EB?

Summary of Evidence

Methods to achieve orthodontic diagnosis include [19]:

1. Clinical examination
a. General management
b. Facial examination
c. Intraoral examination
d. Functional analysis

2. Records assessment.
a. Photographs
b. Dental casts
c. Radiographs
d. Other specific complementary exams.

In patients with EB, particularly in those with a high risk of oral
and dental manifestations and complications (RDEB, JEB, KEB),
and some with a moderate risk (severe EBS types), these methods
necessitate a modified technique or approach [3]. The evidence
for these recommendations was gathered from expert opinion
during the development of the present guideline.

Level of evidence: Nonanalytic studies [level 3] and Expert opinion
[level 4]

Recommendations Provided by the Panel of Experts:

1. Clinical examination
a. General management: Patients with EB require specific
skin and mucosal management, which includes the uti-
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FIGURE 2 | (A)A patient with RDEB, a wheelchair user, receives treatment in a wheelchair recliner. (B) An extraoral photograph of a patient with
an eye ulcer covered by a dressing. (C) An extraoral photograph of a dressing covering chronic lesions on the neck and ear. (D and E) A custom-designed
acrylic lower tray was used for a patient with RDEB, but despite the efforts, a hemorrhagic lesion was produced on the right commissure.

lization of lubrication in lips, careful use of suction
and air-water syringes, employing a controlled local
anesthesia technique, and oral bullae drainage. Addi-
tional padding of the dental chair may aid patients with
severe RDEB in ensuring their comfort during treatment.
Clinical facilities must be accessible to patients using
wheelchairs (Figure 2A). If the facilities or team are not
trained to treat patients with EB, educating them and cre-
ating awareness about the specific management protocols
for these patients is advisable. For general management
of patients with EB, refer to the CPG: Oral health care for
children and adults living with EB; chapter 3: Oral health
care and dental treatment for children and adults living
with EB—CBG [3].

. Facial examination: Dressings, frequent in areas such as
the neck, ear, and eyes, might limit clinical examination
(Figures 2B and C).

c. Intraoral examination:

i Patients with EB of all types may present with open
wounds or lesions on their lips, commissures, and oral
cavity. The degree of mucosal fragility may range from
extreme fragility to normal strength.

ii Inpatients with RDEB, an appropriate intraoral exam-
ination can be severely impaired by oral strictures
(microstomia, ankyloglossia, and vestibule oblitera-
tion). Measuring teeth crowding intraorally might not
be possible.

iii Patients diagnosed with JEB may exhibit areas of
chronic granulation tissue, both periorally and intrao-
rally.

iv Patients with other subtypes of EB may also face
limitations according to their phenotype expression.
Patients who have a history of tube feeding may
experience oral-sensory difficulties. In these patients,
a multidisciplinary approach is advised with speech
and language therapists.

v Functional analysis: might be limited due to strictures,
lesions, and pain.

2. Records assessment.
a. Photographs:

i Extraoral photographs: Patients with considerable
facial lesions may be reluctant to take extraoral pho-
tographs.

ii Intraoral photographs: Normal intraoral photographs
with occlusal intraoral mirrors, contrasters, and lip
retractors might be impossible to use without causing
damage to the patient. Hence, in patients with severe
contractures or fragility, only smile pictures might be
possible to take. Since some patients have photophobia
and a high visual sensitivity, flash should be used with
caution.

b. Dental casts: In patients with severe microstomia, dental

trays and intraoral scanning are difficult to fit without
causing harm, mostly due to reduced mouth opening and
the lack of mobility of the soft tissues (Figures 2D and
E). If necessary, it is recommended to use customized or
flexible standard trays [7]. Impressions with silicone can
be used to obtain models from the anterior zone of the
arch. In some cases, an intraoral scanner can be used only

13 of 21

85UBD| 7 SUOLILLD BAERID 3|qeo!jdde 8y} Aq pauRAoh 818 S3jo 11 YO ‘8SN J0 S8|NJ 10} Aelq1T8UIIUO AB|1/W UO (SUORIPUOD-PUE-SUIBYWI0D" A8 1M AeIq 1l UO//SdRY) SUORIPUOD PUe W8 | 8L} 88S *[G202/2T/6T] Uo A%iq1T8ulluO AB1IM #800L POS/TTTT OT/I0P/W00 A8 1M Aeiq Ul U0/ SARY WOl4 papeojumoq ‘S ‘S20z ‘G0SSLT



FIGURE 3 | Orthodontic treatment in a patient with intermediate RDEB. (A) Severe malocclusion with an anterior crossbite in #12 and #22, both

with caries, associated with difficulties in performing oral hygiene due to malposition. (B) and (C) Evolution of orthodontic treatment after 5 and 10

months, respectively. Treatment planning considered only upper arch brackets, realistic objectives (Improving upper alignment for better aesthetic and
easier oral hygiene), and orthodontic strategies (Difficulty in bonding posterior tubes and brackets, meaning limited anchorage and future difficulties
in space closing. Hence, the team decided not to perform first premolar extractions). (D) One year after treatment, the alignment of the anterior teeth

was successful, and the lateral incisors had been restored.

in the anterior zone, primarily because of the size of the
camera and the movement required for its use.
c. Radiographs:

i Extraoral radiographs, such as panoramic,
cephalometric, or cone beams, are recommended
for orthodontic treatment and do not necessitate any
significant modifications. In patients with JEB, the
teams must establish proper radiographic follow-
up to early identify signs of crown resorption and
tooth retention. However, patient positioning should
be carried out or assisted by an individual with
knowledge of EB.

ii Intraoral radiographs, if needed, may be difficult to
obtain due to ankyloglossia and mucosal fragility.

d. Other specific complementary exams: If dental casts are
needed and it is not possible to obtain impressions or
scanners, stereolithographic models can be used.

3. Orthodontic and DO treatment in EB (Questions 3.1 to
3.10).

3.1. What are the benefits of orthodontic treatment in
patients with EB?

Summary of Evidence

The benefits reported from DO and orthodontic treatment in
patients with EB include improved aesthetics and self-perception,
easier oral hygiene, and a reduction in oral ulcers, secondary
to misaligned teeth [7, 8, 13-18] (Figure 3). A patient with JEB
required DO and orthodontic treatment in order to align teeth and
provide sufficient space for full-mouth oral rehabilitation with

ceramic crowns [8]. A patient with RDEB reported that, after
orthodontic treatment, her tongue had more space [7].

Despite the significant benefits, the panel acknowledges that
orthodontic treatment in EB carries certain disadvantages, such
as temporary pain and wounds, and an increased risk of caries
during treatment, which can result in significant tooth structure
loss if not properly managed. A risk-benefit analysis should be
performed for each patient [3].

Level of evidence: Nonanalytic studies [level 3]
Recommendation:

Orthodontic treatment has the potential to benefit patients with
EB. The reported benefits include enhanced aesthetics, easier
oral hygiene, and fewer traumatic ulcers in well-aligned teeth.
Before orthodontic treatment, a proper risk-benefit assessment is
mandatory. During orthodontic treatment, patients can present
transitory pain, wounds, and an increased risk of caries due to
difficulties performing oral hygiene with fixed appliances.

3.2. What are the multidisciplinary areas that patients
with EB may require prior to, during, or subsequent
to receiving orthodontic treatment?

Summary of Evidence

Before beginning orthodontic treatment, a comprehensive treat-
ment plan should be discussed with all members of the multidis-
ciplinary team. The team may comprise the patient’s lead dentist
(either a general dentist, pediatric dentist, or special care dentist)
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FIGURE 4 | Stricture-release surgery before taking impressions for the aligners. (A) Vestibuloplasty (B) Mucosal stricture-release surgery to increase

mouth opening.

[3], the orthodontist, and other professionals, depending on the
patient’s requirements.

For patients with severe strictures, oral surgeons should be con-
sidered to determine the management of microstomia, vestibule
obliteration, ankyloglossia, and the need for temporary anchorage
with mini-implants [7, 18] (Figure 4). Speech therapists must
assess orofacial functions in all patients with EB, particularly
those who have functional limitations due to oral strictures
and those who have received parenteral nutrition [22, 23]. In
patients with oral-sensory difficulties, a speech and language
therapist should be invited [31, 32]. In patients with syndromic
AI associated with JEB, an oral rehabilitation specialist should
be involved in the treatment planning process from the initial
stages of treatment [8]. It may be necessary to schedule frequent
periodontal appointments due to poor oral hygiene [8, 18],
particularly in patients with KEB due to early onset periodontal
diseases [17].

Level of evidence: Nonanalytic studies [level 3]
Recommendation

Orthodontic treatment requires a multidisciplinary approach,
including special care dentistry, pediatric dentistry, oral rehabili-
tation, periodontology, and speech therapy. Additional specialties
that may need to be part of the team can be, but are not limited
to: maxillofacial surgery, dermatology, pediatrics, nutrition, and

psychology.

3.3. Which considerations should be taken into account
when planning orthodontic treatment for patients
with EB?

Summary of Evidence

No specific information on orthodontic planning for patients with
EB was found in the literature. Most cases reported the out-
comes of every treatment, but very few considerations regarding
treatment planning. An important part of the evidence for these
recommendations was gathered from expert opinion during the
development of the present guideline.

Level of evidence: Nonanalytic studies [level 3] and Expert opinion
[level 4]

Recommendations Provided by the Panel of Experts

* Orthodontic planning for patients with EB must be realistic
and patient-centered.

* The treatment objectives must be realistic in light of the
severity of the malocclusion and adapted to the orofacial and
psychosocial implications of EB. Common treatment objec-
tives include achieving tooth alignment, improving aesthetic
complaints, enhancing transverse maxillary dimension, and
providing occlusal stability [8, 18].

* Treatment should be planned in stages, continuing to the next
stage once the objective has been achieved.

* The duration of treatment in RDEB patients is significantly
longer, both during each session in the dental chair and
throughout the entire treatment process, compared to other
EB and non-EB patients.

* Therapeutic alliance and behavioral support are important
and cannot be overstated, as orthodontic treatment can extend
for several years. Behavioral support techniques can include
pharmacological techniques (sedation) for some specific clin-
ical procedures, such as long sessions for bracket bonding or
mini-implant positioning. Still, they are not recommended for
routine treatment sessions, such as regular orthodontic visits

3.

* In some cases, the patient or the clinical team may decide to
interrupt or stop treatment. Patients may wish to discontinue
the treatment due to discomfort or ulcers associated with
the appliances. Clinicians may indicate to pause or stop the
treatment because of poor oral hygiene with an increased
number of caries, or when the patient presents additional
systemic complications that make it difficult to attend the
routine monthly session. In these cases, all orthodontic
appliances should be removed and, if possible, the occlusion
should be stabilized with aligners or thermoplastic devices
(Figure 5).

3.4 Which adjustments can be implemented to adapt
orthodontic techniques for patients with EB?

Summary of Evidence

Reports have shown that DO and orthodontic treatment can
be provided for patients with EB with a variety of appliances.
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FIGURE 5 | (A)Male patient with intermediate RDEB at the age of 5 years presented anterior and posterior crossbite. (B) Maximal mouth opening
20 mm. (C) Early intervention was planned. Dental casts were obtained by using a custom-made acrylic tray. A removable expansion appliance was
conceived. The patient did not like using the appliance and never wore it. The treatment was suspended because of a lack of compliance. (D) The family
made a request for a second treatment attempt at the age of 8. This time, a fixed appliance was planned, designed, and bonded. (E) The patient refused

to eat with the appliance in the mouth. A week after bonding, the appliance had to be removed. Treatment was stopped for the second time.

Depending on the patient’s oral features, different adjustments
can be implemented to adapt orthodontic techniques for patients
with EB (Table 2). The adjustments described in the literature
have been complemented with the expert opinion during the
development of the present guideline.

Level of evidence: Nonanalytic studies [level 3] and Expert opinion
[level 4]

Recommendations

Orthodontic treatment may benefit from specific adjustments
depending on the phenotypic expression of each subtype of EB,
especially in RDEB, KEB, and JEB.

» Early/selective tooth extraction: As patients with severe RDEB
present reduced alveolar arches leading to severe crowd-
ing, it has been suggested to perform early/selective tooth
extractions to guide the eruption process into a better-aligned
arch. Reported experiences have successfully improved tooth
crowding and oral hygiene after the extraction of the first
premolars. Uncommon extraction patterns have also been
reported, such as a patient with severe microstomia (mouth
opening of 6 mm) in whom both upper permanent canines
were extracted due to severe lack of space, limited access to
continuous dental treatment, and already well-aligned lateral
incisors and premolars [13, 14].

* Removable DO appliances: Taking an impression can be
challenging in patients with severe microstomia. In question
2.3, section 2b of the present document, different methods
for taking impressions, such as custom-made or flexible trays,
intraoral scanners, and stereolithography, are described [7].
Modifications of the appliance include covering the retentive
structures with acrylic, which can reduce the risk of wounds
due to metallic structures such as clasps and springs [33]. In
the case of removable appliances, these must be tooth-worn, as
the pressure and pain associated with mucosal support might
reduce compliance with the therapy [3] (Figure 6A.

* Fixed DO appliances: Fixed palatal expanders, such as Hyrax,
can be used in EB. Metallic bands, bonded acrylic expanders,
or mini-implants can be used for anchorage. One of the
limitations of the technique is the difficulty in obtaining
impressions and adapting the bands. There is not enough
evidence to support one anchorage technique over the other.
To select the proper technique it is important to consider the
potential discomfort associated with the expansion protocol
and the possibility of ulcers arising from the interaction
between the Hyrax and the mucosa. Ideally, mucosal support
should be avoided [3, 8,13]. Bite ramps are also used to manage
occlusion during mixed dentition, especially in the anterior
teeth.

* Fixed braces: Metallic fixed braces, whether regular or self-
ligating, are a treatment alternative in patients with differ-
ent subtypes of EB, including RDEB. Characteristics such
as microstomia, vestibule obliteration, ankyloglossia, and
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FIGURE 6 | (A)Aremovabledentofacial orthopedic appliance in a patient with localized DDEB. (B) Fixed metallic brackets in a patient with severe

RDEB. (C) A patient with intermediate JEB with four mini-implants placed on the palate for bonding a MARPE appliance (Mini-implant assisted rapid
palate expansion). On the occlusal surfaces a temporary retention device is used. (D) Aligners in a patient with intermediate RDEB.

mucosa fragility may make the bonding technique difficult,
especially in the posterior area. As wire changes can cause
ulcers and pain, some authors have suggested limiting the
orthodontic treatment to the anterior teeth [18]. If brackets
are planned on the anterior teeth only, orthodontic anchorage
on the posterior area will be restricted, making it challeng-
ing to perform retrusive movements. In other words, tooth
extraction to retrude anterior teeth should only be performed
if posterior anchorage has been successfully secured [18].
Other examples of adjustments to facilitate treatment include
performing a vestibuloplasty prior to treatment in patients
with severe contractures [7] or removing the hook from
the brackets/bands [3]. Patients with JEB and AI may also
encounter bonding difficulties owing to the altered enamel
structure or the restored teeth (metallic, polycarbonate,
acrylic, and ceramic crowns, composite, and glass Ionomer).
In cases of hypoplastic Al, the bonding technique might
require adjustments. An example reported in the literature
is the use of 5% sodium hypochlorite as an etching agent
and All-Surface bonding agents (Assure-Plus by Reliance) [8]
(Figures 6B).

* Mini-implants: Successful use of mini-implants has been
reported in RDEB and JEB patients. They were used to
reinforce the anchorage with fixed braces and as anchorage to
perform maxillary rapid palate expansion (MARPE). The pro-
tocols used were similar to the general population; however,
the patient with RDEB required surgery to increase mouth
opening and vestibule depth before placing the mini-implants
[8, 18] (Figures 6C).

* Aligners: Successful use of aligners has been reported in
RDEB. Nevertheless, adjustments were necessary to obtain
the impression, as microstomia limited intraoral scanning.

An impression made using adhesion elastomeric silicone
on a flexible tray allowed to obtain a cast, additionally,
digital improvement of silicone defects was conducted prior
to printing the aligners [7]. When planning aligner therapy,
it is important to design the treatment trying to consider
attachments in the anterior area mainly, as bonding is difficult
and challenging in the posterior region of those patients with
oral contractures. The risk of caries should be considered
when stripping in RDEB (Figures 6D).

3.5. Is orthodontic retention necessary for individuals
with EB?

Summary of Evidence

The use of orthodontic retention is highly recommended, espe-
cially in patients with RDEB, due to relapse associated with an
imbalance of orofacial forces caused by the constrictions. Fixed
retention may be challenging due to the elevated risk of caries,
difficult bonding technique, and tongue lesions if the surface is
poorly polished. Conversely, removable devices may be difficult
to obtain due to microstomia but have been previously used in
EB [15, 16]. If retention is not used, a relapse of the malalignment
can be observed.

Level of evidence: Nonanalytic studies [level 3] and Expert opinion
[level 4]

Recommendation
Orthodontic retention is highly recommended, especially for

patients with a functional imbalance or a high risk of malocclu-
sion relapse.
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BP: The retention types should be selected according to the
clinical features, feasibility, and risk of caries.

3.6. What are the complications associated with
orthodontic treatment in individuals diagnosed
with EB?

Summary of Evidence

The complications most reported by patients with EB are trau-
matic ulcers, pain, caries associated with poor oral hygiene and
brackets debonding. It is expected that patients with EB present
more ulcers than regular orthodontic patients due to mucosal
fragility, resulting in pain and discomfort (Figures 5E). The
management of oral ulcers will depend on the patient’s tolerance,
ranging from using orthodontic wax, mouthwashes aimed at
enhancing healing of oral ulcers, to suspension of the treatment.
Despite the severe general compromise caused by EB, certain
patients exhibit exceptional tolerance toward the ulcers caused
by the brackets. On the other hand, some patients with a low
history of oral lesions may experience difficulties coping with the
pain associated with both oral ulcers and the pain caused by the
treatment.

Patients with RDEB and a high risk of caries should be closely
monitored, as this may escalate even further during orthodontic
treatment. Debonding can be frequent in EB types with enamel
hypoplasia [3, 8, 17].

Level of evidence: Nonanalytic studies [level 3] and Expert opinion
[level 4]

Recommendation

Complications associated with orthodontic treatment in individ-
uals diagnosed with EB may include, but are not limited to,
oral ulcers, pain, poor oral hygiene with an increased number of
caries, and recurrent debonding of braces.

3.7. What considerations are necessary for maintaining
oral hygiene in patients with EB who are undergoing
orthodontic treatment?

Summary of Evidence

Oral hygiene can be difficult for patients with EB, even without
orthodontic appliances, due to pseudosyndactyly, microstomia,
ankyloglossia, vestibule obliteration, mucosal fragility, perioral
granulation tissue, and pain [3]. Consequently, oral hygiene dur-
ing DO or orthodontic treatment is even more complex, requiring
adjustments, complementary tools, carer education, and moni-
toring of oral hygiene, and frequent professional hygiene. Dental
floss can be challenging to use, especially for patients with
pseudosyndactyly and braces, who require assistance from carers
to use it. Patients with sensory issues may have difficulties with
tooth brushing and toothpaste flavors [3].

The panel has used the following complementary products:
special toothbrushes with curved, soft bristles (Collis Curve, Dr.
Barman’s Superbrush,), water flossers, interproximal brushes,
orthodontic wax or similar products to avoid traumatic ulcers

(Gishy Goo), high fluoride or bioactive paste (Duraphat, GC Tooth
Mousse) or mouthwash (Xylitol, Dentoxol), plaque indicators and
probiotics (Bactoblis).

Level of evidence: Nonanalytic studies [level 3] and Expert opinion
[level 4]

Recommendation

* Oral hygiene of patients with EB undergoing orthodontic
treatment is more complex and requires precise guidance for
both the patients and/or their carers.

* The brushing technique should be complemented with spe-
cific hygiene elements and products. In children and adults
with limited manual dexterity, it is advisable that the carers
assist the brushing technique.

* Frequent professional hygiene and preventive measures, such
as fluoride varnish, must be carried out by the patient’s
general dentist.

3.8. What are the barriers patients with EB face when it
comes to orthodontic treatment?

Summary of Evidence

Patients with EB can face numerous barriers when it comes to
accessing orthodontic treatment. Some are related to the disease
itself (pain, wounds, anxiety, systemic health status) and others to
the patient’s social environment (funding, long travel distances to
the reference centers). Barriers related to the orthodontist include
the low availability of professionals in each region, insufficient
training in rare diseases, and fear of treating/harming patients
with EB.

One alternative to address these barriers is implementing nation-
ally funded reference centers where knowledgeable professionals
treat patients with rare diseases. These centers should be multi-
disciplinary, including orthodontists.

Barriers related to the availability of orthodontists with knowl-
edge on EB should be addressed by adding lectures on special
care and rare diseases to the orthodontist graduate programs,
as well as promoting conferences on these topics at local and
regional orthodontic conferences. Open-access clinical guidelines
on specific rare diseases, such as the present document, are also
a tool to reduce barriers to care and knowledge.

Level of evidence: Expert opinion [level 4]
Recommendation

Patients with EB who need orthodontic treatment can face
barriers due to their EB, such as pain, wounds, anxiety, and other
associated systemic complications; and barriers in their social
environment, such as funding and availability of specialized
services locally. From a professional perspective, the lack of
training in rare diseases among orthodontists can be the main
barrier. To overcome these barriers, nationally funded reference
centers could be an aid in improving access to orthodontics for
patients with EB. Local barriers must be identified and addressed.
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FIGURE 7 | Patient with moderate risk of oral manifestations (DDEB) during (A) Dentofacial orthopedic and (B) orthodontic treatment. The
treatment followed the protocols used for non-EB patients. The patient occasionally utilized orthodontic wax.

3.9. What are the adjustments for orthodontic treatment
needed by patients with EB subtypes with low and
moderate risk of oral and dental manifestations and
complications?

Summary of Evidence

The classification of EB is based on the level of skin cleavage
observed on a biopsy, not on the severity of the disease. However,
for easier understanding of the clinical adjustments needed by
every patient, Kramer et al. proposed a division into three degrees
of severity according to the risk of oral and dental manifestations
and complications [20]. Patients with moderate risk include those
with a diagnosis of severe EBS, DDEB, and localized RDEB, while
low risk has been established for patients with localized and
intermediate EBS due to keratin and KLHL24 mutations.

No data on the risk of malocclusion in patients from this group
was found, and no cases were reported in the literature. As the
main orofacial feature observed in these groups of patients is
localized skin and mucosal fragility, without severe contractures
or enamel abnormalities. The orthodontic diagnosis and treat-
ment of these patients will need adjustments according to their
individual phenotypic expression (Figure 7). In general, protocols
for non-EB patients can be applied, considering oral blisters and
ulcers as needed.

Level of evidence: Expert opinion [level 4]

Recommendation

Patients with EB with low and moderate risk of oral mani-
festations will need adjustments according to their individual

phenotypic expression, considering oral blisters and ulcers. In
general, protocols for non-EB patients can be applied.

4. Other groups’ perspectives on this guide (Questions
4.1).

4.1. What are the perspectives of patients and other
members of the medical team regarding this CPG?

Patients and other members of the medical team were invited
to share their opinions and experiences regarding orthodontic

treatment for people living with EB. Quotes from the participants
can be found in Table S4.

The participants agreed that it is possible to perform orthodontic
treatment in people living with EB, and this can improve oral
function and quality of life. They also acknowledge the necessity
of a multidisciplinary approach that includes orthodontists in
the oral health and EB team. Several barriers were mentioned,
including pain and complications caused by the treatment,
limited access, and lack of professionals trained in EB, lack
of scientific evidence, and economic and institutional support
in this area. Consequently, there are still numerous challenges
associated with this area of oral health.

7 | Discussion

People living with rare diseases present a high prevalence of
malocclusions, dental-skeletal abnormalities, and oromotor dys-
function. Orthodontic treatment can be successfully performed in
many cases; however, their access to orthodontic treatment may
be limited by several barriers related to the patient, the carers,
the guardians, or the practitioners [34]. For patients living with
EB, oral healthcare is a major component of multidisciplinary
management [3]. Malocclusions are frequent and can be treated;
however, access to care remains challenging (Tables 1 and 2).

Recently, referral pathways for oral care in EB were published,
highlighting the role of early orthodontics in patients with RDEB
and JEB due to their high risk of oral disease [20]. This CPG is the
result of a collaborative effort of different actors involved in the
care of people living with EB, including patients, dental special-
ists (orthodontists, pediatric dentists, and special care dentists),
and other members of the medical team (dermatologists, speech
therapists, and psychologists). Patients’ and their representatives’
perspectives were also important to include, as their views might
differ from the professionals’ opinion [35]. This document aims to
be an enabler/facilitator of orthodontic treatment for people with
EB, providing guidance and decreasing barriers to access for this
specific group.

Professionals providing orthodontic treatment should be part of
the dental team treating patients with EB, understanding the dif-
ferent aspects of this condition and how their treatment should be
adapted to the variety of clinical features experienced. The panel
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agreed that not all patients with EB will benefit from orthodontic
treatment, as it can cause complications such as wounds or pain.
However, patients with a favorable risk/benefit assessment can
improve their oral health, their orofacial functions and their oral
health related QoL, as orthodontic treatment can impact their
self-esteem and confidence. The diversity in the background and
countries of the participants shows that, despite the different
healthcare systems and providers, orthodontic treatment can be
performed in patients with EB.

A limitation of this CPG is that the evidence on orthodontic
treatment is scarce. Most recommendations resulting from this
CPG were made considering experts’ opinions and clinical case
reports, with only a few studies available [22-25, 27, 28]. The low
number of external reviewers can also be considered a limitation.
This is explained because EB is a rare disease, and only a limited
number of experienced clinicians were identified, all of whom
were invited to be part of the panel; therefore, no more possible
reviewers were identified.

8 | Conclusions

Orthodontic treatment guidelines for patients living with EB are
presented, including general aspects of EB, orthodontic diagnosis,
and orthodontic treatment. DO and orthodontic treatment can
be successfully performed in patients living with EB. A proper
assessment must be performed, including a risk/benefit ratio, as
not all patients will benefit from it. Orthodontic treatments will
require adjustments depending on the phenotypic expression, EB
type, and subtype.
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