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Objectives: The aim was to review the available literature regarding the potential
association between fixed orthodontic treatment (OT) and the onset of eating
disorders (EDs).

Method and Materials: Six indexed databases were searched until November 2020.
The inclusion criteria were as follows: (a) patients undergoing fixed OT and (b) EDs in
relation to fixed OT. Commentaries, letters to the Editor, reviews, and studies in patients
with EDs not undergoing fixed OT were excluded. The pattern of the present review was
customized to summarize the pertinent information.

Results: Four out of 10,076 initially-identified studies were included, and all of them
were case reports. All patients were females, and the EDs reported were either anorexia
nervosa (AN) or bulimia nervosa (BN). In three case reports, patients developed EDs
after the initiation of OT. Fixed OT was performed in all the studies, and a variety of oral
complications such as sore mouth, gingivitis, tooth surface demineralization, and others
were reported.

Conclusion: Based upon the limited available evidence, the association between OT
and the onset of EDs remains unclear. Further well-designed observational clinical studies
are needed in this regard.

Keywords: orthodontic therapy, eating disorders, anorexia nervosa, bulimia, review

INTRODUCTION

Eating disorders (EDs) are psychiatric disorders characterized by abnormal routine eating-related
behaviors [1-3], and patients often correlate them with psychological concerns related to their
weight and body image [1, 2]. A mortality rate of up to 25% has been reported for patients with
EDs [4-7]; and the prevalence of EDs is higher in females compared with males [4, 5, 8, 9]. The
most common forms of EDs are anorexia nervosa (AN) and bulimia nervosa (BN) [7, 10, 11]. The
primary characteristic of AN includes restriction of food intake due to a persistent fear of becoming
overweight, even though the affected individual is underweight [1, 5, 10, 11]; whereas, BN is
characterized by binge eating which, is often followed by self-induced vomiting in order to maintain
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a low body weight [1, 5, 6, 10, 12]. It is well-established that
AN and BN are serious conditions that jeopardize the general
and psychological health status of patients [4, 5]. They make
their appearance more usually in adolescence, which is also
the most common period during which orthodontic treatment
(OT) is initiated [4, 5, 8, 9, 13]. There are a variety of oral
symptoms in patients with EDs including enamel erosion,
dental caries, dentinal hypersensitivity, enamel demineralization,
malocclusion, and xerostomia; with tooth erosion being the most
prevalent [6, 10-12, 14-16].

The OT is commonly performed for the correction of
craniofacial disharmonies and dental malocclusion, and its
success depends on patient compliance and regular follow-up
visits [17, 18]. Moreover, oral hygiene maintenance during the
course of OT is a critical factor that influences the success
of planned OT as these patients are susceptible to gingival
inflammation and enamel demineralization [19, 20]. It has
also been suggested that psychological stress may negatively
influence the outcome of planned OT in susceptible individuals
[21]. Furthermore, alternations in dietary intake and weight
status have been reported in patients undergoing OT [22].
Mental and physical development occurs at a rapid rate during
adolescence. In addition, adolescence is a time period during
which individuals are managing issues such as self-esteem and
acceptance by peers [7]. It has also been reported that psychiatric
disorders such as EDs may manifest during the adolescent years
[7]. Due to the nature of OT, which requires regular follow-up
appointments, it is postulated that the orthodontist could be the
first health care provider to observe such disorders [7, 10, 11, 23].
For instance, in the study by Jaffa [24], it was reported that AN
was manifested in an adolescent female after the initiation of
OT. Similar results have been reported by Lee et al. [13] In this
regard, the authors of the present study hypothesize that there is
a potential association between OT and the onset of EDs. To the
authors’ knowledge, there are no studies in indexed literature that
have reviewed the relationship between OT and EDs.

The aim of this study was to review the available literature
regarding the potential association between fixed OT and the
onset of EDs.

METHOD AND MATERIALS

Focused Question

In the present review, the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines [25] were
followed to assess the following focused question: “Can fixed OT
trigger the onset of EDs?”

Eligibility criteria

The inclusion criteria were as follows: (a) patients undergoing
fixed OT and (b) EDs in relation to fixed OT. Commentaries,
letters to the Editor, reviews, and studies on patients with
EDs not undergoing fixed OT were excluded. The pattern
of the present review was customized to summarize the
pertinent information.

TABLE 1 | Keywords and database search strategy.

Keywords Search strategy

Orthodontic; orthodontics;
orthodontic therapy;
orthodontic treatment;
eating disorders; anorexia;
anorexia nervosa; bulimia;
bulimia nervosa

([orthodontic[All Fields] AND
(“therapy”[Subheading] OR “therapy”[All Fields]
OR “therapeutics”[MeSH Terms] OR
“therapeutics”[All Fields])] OR [orthodontic[All
Fields] AND (“therapy”[Subheading] OR
“therapy”[All Fields] OR “treatment”[All Fields]
OR *“therapeutics”[MeSH Terms] OR
“therapeutics”[All Fields])]) AND [(“feeding and
eating disorders”[MeSH Terms] OR
(“feeding”[All Fields] AND “eating”[All Fields]
AND “disorders”[All Fields]) OR “feeding and
eating disorders”[All Fields] OR (“eating”[All
Fields] AND “disorders”[All Fields]) OR “eating
disorders”[All Fields]) OR (“anorexia
nervosa’[MeSH Terms] OR (“anorexia”[All
Fields] AND “nervosa”[All Fields]) OR “anorexia
nervosa”[All Fields]) OR (“bulimia”’[MeSH Terms]
OR “pulimia”[All Fields])]

Information Sources, Search Strategy, and

Study Selection

Six indexed databases [EMBASE, PubMed (National Library of
Medicine), Google Scholar, IST Web of Knowledge, OVID, and
Scopus] were searched without time and language restrictions
up to and including November 2020. A customized search
strategy was implemented by one author (MK) (Table 1). The
titles and abstracts of relevant articles were screened by two
authors (MK and DM), and the full-texts of relevant articles
were independently read. A hand-search of the reference lists of
relevant articles was also performed to collect possible articles
that may have been missed in the previous steps. Disagreements
were resolved via discussion between three authors (MK, DM,
and FJ).

Data Collection and Data Items

Data extraction from the included studies was performed
independently by two authors (MK and FJ); and pertinent
information was collected as follows: (1) reference, (2) study
design, (3) number of patients, (4) demographic information, (5)
information regarding EDs and its treatment, (6) chronological
association between EDs and OT, (7) type of malocclusion, (8)
information regarding OT, (9) orofacial complications, and (10)
instructions of the orthodontist. Disagreements related to data
extraction were resolved through consensus discussion.

RESULTS

Study Selection

Initially, 10,076 studies were identified, and 10,048 studies were
excluded due to irrelevant titles and abstracts or duplicate
removal. Twenty-four studies were further excluded after a
full-text review based on the previously-mentioned inclusion
criteria. A total of four studies [6, 13, 15, 24] were included
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Studies identified through

,| Electronic database searching: 10,034

database searching
(n=10.076 )

Identification

Hand-searching: 42

Studies remaining after title and
abstract screening and duplicate
removal (n =28)

Screening

Studies reviewed at title level:10.076
Studies reviewed at abstract level: 10.076
Full-text reviewed: 28

Studies excluded: 23

Full-texts of studies assessed for
eligibility
n=4)

Eligibility

Y
Studies included in qualitative
analysis
n=4)

Included

FIGURE 1 | Flowchart of the study.

(Focused question not answered)

in this review and analyzed for data extraction (Figurel,
Supplementary Table A).

General Characteristics of the Included
Studies

All studies [6, 13, 15, 24] included in the present review were
case reports, and the number of patients ranged between 1 and
3. In the study by Jaffa [24], a total of three patients were
included; however, one patient was excluded from the present
review since the patient did not undergo OT. In the three case
reports [6, 13, 24], the patients were adolescents with their age
ranging between 13 and 17 years. In the study by Shaw BM
[15], the patient was a 30-year-old adult. All patients described
were females [6, 13, 15, 24] (Table 2). These case reports were

performed in the following countries: United Kingdom [24],
Korea [13], France [6], and the United States [15].

Study Characteristics Related to EDs

In two studies [13, 24], patients had AN, and in two studies
[6, 15], patients had BN. The onset of EDs in two studies [13, 24]
was reported to be at the beginning of OT. In the study by
Corega et al. [6], it was reported that the onset of EDs occurred
between 4 and 7 months after the initiation of OT. In the study
by Shaw BM [15], the patient had undergone OT from 9 to
11 years old, was diagnosed with BN in her teen years, and
sought OT again at the age of 30 years after overcoming the ED.
Sore mouth after the fitting of the braces, instructions from the
orthodontist to avoid sweet foods, and comments/compliments
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from peers about the slim body of the patient were reported as
potential triggers for the EDs in two studies [13, 24], and two
studies [6, 15] did not report such potential triggers. One of the
patients [24] seemed to have concerns about her body image
before the ED appeared; and three patients [13, 24] did not have
any such concerns. In two studies [6, 15], concerns about body
image prior to ED were not reported. The diagnosis of EDs was
made by a health care professional in two studies [13, 24]. The
EDs resulted in the hospitalization of the patients in two studies
[13, 24]. The patient in the study by Shaw BM [15] and one of
the patients in Corega’s report [6] were not hospitalized; while,
for the other patient in the Coregas study, information about
hospitalization was not reported. Treatment strategies adopted

TABLE 2 | General characteristics of the included case reports.

Authors (year) Number of patients Age Gender
Jaffa (2007) [24] 3* 16 years Female
14 years Female
Lee et al. (2015) [13] 2 14 years Female
13 years Female
Corega et al. (2014) [6] 2 13 years Female
17 years Female
Shaw (1994) [15] 1 30 years Female

*One of the three patients did not undergo orthodontic treatment; and thus, was excluded
from the present study based on the inclusion criteria.

for the management of EDs were hospitalization ranging from 20
days to 4 months [13, 24], medications [13, 24], psychoeducation,
supportive treatment, psychiatric treatment or psychotherapy
[6, 13, 15, 24], and nutritional rehabilitation [13]. Corega et al.
[6] reported two cases in which EDs were manifested in patients
undergoing OT; however, in one of the patients, the treatment
protocol for the ED was not reported (Table 3).

Study Characteristics Related to OT

The type of malocclusion was reported in two studies [6, 15].
Fixed appliances were used in all studies [6, 13, 15, 24]; one
patient [6] was scheduled also for orthognathic surgery but OT
had to be discontinued at the presurgical phase. In the report
by Shaw BM [15], the interproximal surfaces of the mandibular
incisors were stripped and 2 months before the fitting of the
braces in the lower arch, a removable maxillary bite plane with
expansion screws was used. The total duration of OT ranged
between 7 and 10 months in the two studies [6, 15] that it was
reported. In two studies [13, 24], it was stated that the patients
were hospitalized after a period of OT ranging from 7 months to
2 years. Oral complications which were encountered in relation
to EDs were sore mouth [13, 24], recurrent oral ulcers [13],
generalized gingivitis [6], demineralization [6], white spot lesions
[6], diffuse erythema [6], incisal-lingual enamel erosions of the
upper incisors, canines and premolars, and lower incisor over-
eruption [15]. The OT had to be discontinued in both the patients
of the Corega’s report [6], it was successfully completed in the
report by Shaw BM [15], and in two studies [13, 24], the outcome
of OT was not reported. Specific guidelines for the management

TABLE 3 | Study characteristics related to the eating disorder.

Authors Type of eating Onset of eating Potential trigger of Concerns with Diagnosis of Hospitalization Treatment of eating
(year) disorder disorder abnormal eating body image prior eating disorder  due to eating disorder
behavior to eating disorder disorder
Jaffa (2007) Anorexia At the beginning of ~ Sore mouth after fitting Yes By healthcare Yes Inpatient psychiatric
[24] nervosa oT of braces, advice to provider treatment and
avoid sweet foods pharmacological treatment
Anorexia At the beginning of ~ Sore mouth after fitting No By healthcare Yes Inpatient psychiatric
nervosa oT of braces, comment of provider treatment
friend that braces result
in weight lose
Lee et al. Anorexia At the beginning of ~ Sore mouth after fitting No By healthcare Yes Psychoeducation,
(2015) [13] nervosa oT of braces provider supportive treatment,
nutritional rehabilitation
Anorexia At the beginning of ~ Sore mouth after fitting No By healthcare Yes Psychoeducation,
nervosa oT of braces, comments provider psychological support,
of friends that her slim pharmacological treatment
body looked better
Corega et al.  Bulimia nervosa 4 months after the  NR NR NR No Psychiatric treatment
(2014) [6] initiation of OT
Bulimia nervosa 7 months after the  NR NR NR NR NR
initiation of OT
Shaw (1994)  Bulimia nervosa Years before the NR NR NR No Psychotherapy
[15] initiation of OT*

OT, orthodontic treatment; NR, not reported.
*Patient had a prior history of OT (9-11 years old); and bulimia nervosa was manifested during her teen years. In the present case report, the patient underwent OT again at the age of
30 years when she had overcome the eating disorder.
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TABLE 4 | Study characteristics related to orthodontic therapy.

Authors (year) Type of malocclusion  Type of OT Total Oral complications Treatment of oral Outcome of OT
duration of complications
oT
Jaffa (2007) [24] NR Fixed appliances NR*** Sore mouth NR NR
NR Fixed appliances NR*** Sore mouth NR NR
Lee et al. (2015) NR Fixed appliances NR**** Sore mouth NR NR
[13]
NR Fixed appliances NR**** Recurrent oral ulcers, NR NR
sore mouth
Corega et al. Crowding Fixed appliances 10 months Generalized gingivitis Referral to dentist for OT was discontinued
(2014) [6] and denineralizations, restorative treatment
WSLs, diffuse erythema
Class Il Division 2 Fixed appliances 7 months Generalized gingivitis Referral to dentist for OT was discontinued
combined with planned and denineralizations, restorative treatment
orthognathic surgery* WSLs
Shaw (1994) Class I, anterior closed Removable maxillary ~8 Incisal-lingual enamel OT to increase Successful
[15] bite, mandibular bite plane with months** erosions of upper interincisal space

anterior crowding,

expansion screws,

incisors, canines and

followed by placement

narrow arches stripping and fixed

appliances

premolars, and lower
incisor over-eruption

of porcelain veneer
Crowns on upper
incisors

OT, orthodontic treatment; NR, not reported; WSLs, white spot lesions.
*The OT was discontinued at the final presurgical phase.

**The patient also had a prior history of OT when she was 9-11 years old.
***The author reported time of hospitalization after 2 years of OT.

****The authors reported time of hospitalization after 23 months of OT for the first case and after 7 months for the second.

of patients with ED by the orthodontist were not reported in any
of the included studies [6, 13, 15, 24] (Table 4).

DISCUSSION

An exhaustive search of indexed literature was conducted to
identify studies that addressed the focused question; however, to
date, there are no cohort (prospective or retrospective) clinical
studies that have assessed the association between OT and the
onset of EDs. The only available evidence is in the form of case
reports [6, 13, 15, 24]. In this regard, it was difficult to adopt
the traditional protocols followed in systematic reviews and
meta-analyses. Therefore, the pattern of the present review was
customized to primarily summarize the available information.

In summary, results from 75% of the case reports [6, 13, 24]
showed that OT triggered the onset of EDs in adolescent female
patients. In these studies [6, 13, 24], the patients developed
sore mouth after the initiation of fixed OT, and this could
have influenced the routine dietary patterns of the patients.
It is important to interpret these results with caution as, by
no means, do the authors intend to suggest that OT is a risk
factor for the onset of EDs. However, these results do suggest
that OT may instigate abnormal eating behaviors in susceptible
patient populations. In an age and gender-matched controlled
cohort study, Shirazi et al. [22] assessed the nutritional intake
of adolescents undergoing fixed OT. The results showed that
adolescent patients undergoing fixed OT consumed significantly
lower amounts of chromium, fiber, and beta-carotene compared

with controls [22]. Similarly, Carter et al. [26] investigated
the influence of fixed OT on the routine eating habits in
teenagers. According to the findings of this study [26] the
participants restricted food intake due to factors such as fear of
breakage of orthodontic appliances, dietary advice given by their
orthodontist, fear of social embarrassment, and alterations in
taste perception. Moreover, in this study [26], some participants
also reported that fixed OT had a significant impact on their
routine dietary habits. Based upon the results reported above [22,
26], it is evident that fixed OT influences the daily eating habits
of the patients; however, should these dietary alterations lead to
the onset of EDs remains questionable. There is a likelihood that
patients undergoing fixed OT would resume their normal eating
habits following the completion of OT. However, to date, there
are no cohort studies that have assessed the preoperative and
postoperative eating habits of patients undergoing OT. Further,
studies are needed in this regard.

There is sufficient evidence in indexed literature to confirm
that oral and craniofacial health is at risk in patients diagnosed
with EDs. Studies have shown that enamel erosion, parotid
swellings, alterations in salivary constituents, dry lips, burning
tongue, and temporomandibular disorders are more prevalent
in patients with than without EDs [27, 28]. Nevertheless,
the association between EDs and periodontal diseases remains
debatable [28]. Moreover, according to Robinson et al. [29],
patients with EDs particularly adolescent females are at increased
risk of demonstrating low bone mineral density. In the case
reports included [6, 13, 15, 24], oral health-related complications
such as sore mouth, recurrent oral ulcers, generalized gingivitis,
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demineralizations, white spot lesions, diffuse erythema, and
enamel erosions were manifested in all patients undergoing fixed
OT. It is noteworthy, that the planned OT was successfully
completed in only one case report [15]. However, based on
the oral and general health-related complications, OT was
discontinued in the study by Corega et al. [6]. Since EDs are
a complex issue, a multidisciplinary therapeutic approach is
required for the treatment of malocclusion and dentoskeletal
deformities in susceptible patient groups. Such an approach may
potentially include consultations with Nutritionists, Psychiatrists,
Psychologists, Restorative Dentists, Dental Hygienists, and
Orthodontists [30].

The risk of bias evaluation is an important aspect of a critical
scientific review. Since indexed evidence available to date that
addressed our focused question is solely based on case reports,
the authors perceive a high risk of bias in these studies [6, 13, 15,
24]. Nevertheless, irrespective of such scientific limitations, the
possibility of an existing link between OT and the onset of EDs
cannot be overlooked. From an ethical aspect, patients should
be informed about possible dietary and oral complications that
may be encountered during the course of fixed OT. Likewise,
consultations with nutritionists and psychologists for patients
planned and/or scheduled to undergo fixed OT might help
minimize the risk of the onset of EDs. Routine dental follow-
ups in patients undergoing fixed OT may play a role in the early
detection of oral complications such as tooth erosion and enamel
demineralization that may be potentially induced by latent EDs.
Furthermore, psychological stress is a risk factor for the onset
of EDs [31] and has also been shown to influence orthodontic
tooth movement [21]. The authors of the present study suggest
that prescreening of potential candidates for future OT could be
done using questionnaires focusing on a history of stress/anxiety
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