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Abstract

Background: Anorexia nervosa (AN) mainly affects women (sex ratio 1/10) and most often starts during
adolescence. The prognosis of AN remains poor (10% of deaths and high risk of chronicity). Body dissatisfaction,
disturbances in recognition and identification of body sensations are some of the key symptoms of AN. However,
there is a contrast between this consensual observation of body image disorders in AN, and the relative deficit of
specifically targeted body treatments. Our proposal for a body approach specifically dedicated to AN is based on
the understanding that posture, breathing, muscle tension and body perception are closely linked to our
psychological and emotional state and are therefore disturbed in patients with AN. The purpose of this
monocentric randomized controlled trial is to evaluate if a targeted osteopathic protocol treatment for AN in
addition to treatment as usual (TAU) is significantly more effective than TAU alone.

Methods: In total, 72 patients meeting the inclusion criteria will be randomly assigned to one of the two treatment
groups: one receiving the specific osteopathic treatment targeted for AN in addition to the TAU (group A) and the
other one, receiving TAU only (group B). The patients in group A will receive 5 30-min osteopathic treatment
sessions. Soft specific palpatory techniques on the diaphragm, digestive system and cervical region will be
performed. The TAU is defined by the multidisciplinary approach recommended by the French health high
authority. The primary outcome is the evaluation of interoceptive sensibility and secondary outcomes include
clinical and psychopathology-related symptoms with assessment of somatic dysfunctions’ evolution. A qualitative
study will also be carried out, applying the Interpretative Phenomenological Analysis method. Patients will be
included for a maximum of 14 weeks between the inclusion time and the last evaluation.

Discussion: If the results of the study are positive (statistically significant efficacy of this osteopathic treatment
protocol), the study will provide arguments in favor of osteopathic sessions as a possible non-invasive additional
treatment option in the multidisciplinary care approach for patients with AN.
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Background and rationale
Anorexia nervosa (AN) is defined by the DSM-5 as a re-
striction of energy relative to requirements, leading to a
significantly low body weight, an intense fear of gaining
weight or becoming fat, as well as disturbances in the
way in which one’s body weight or shape is experienced
and/or lack of recognition of the severity of current low
body weight [1]. AN is a psychiatric disorder included
among eating disorders (ED), with a reported prevalence
in women ranging from 0.5 to 2.2% [2–4]. The age of
onset of AN is mostly between 14 and 24 years old, and
in half of the cases before the age of 18 [5]. Among all
ED, AN is the one with the worst prognosis, with mor-
tality 6 to 12 times that observed in a comparable gen-
eral population of the same age [4], in particular due to
somatic complications related to undernutrition, mul-
tiple hospitalizations, psychiatric comorbidities (mood,
anxiety, personality and addictive disorders) and a sig-
nificant suicidal risk [2, 4, 6–8]. According to main
international guidelines, an overall assessment is recom-
mended, combining a somatic, nutritional, and psycho-
logical assessment, also including social and family
dynamics. An individualized care network has to be built
for the patient and adjusted to his needs according to
the evolution. It is a complex management, which re-
quires a close collaboration between somaticians and
child psychiatrists and, if possible, a dietician or a nutri-
tionist [9–11].
AN perfectly illustrates the complex links between

soma and psyche. It has been associated with profound
alterations of body experiences and representations [12–
14]. The perception of body image is wrong, distorted,
sometimes almost delusional with a lack of knowledge
or even a denial of thinness. Hilde Bruch was one of the
first to identify these disturbances in body awareness,
and to emphasize the absolute need to help patients be-
come aware of their body’s perception and sensations
[15]. Hypertonicity, body rigidity, and postural disorders
are frequently associated with anorexic disorders. Mus-
cular posture and tension are indeed closely related to
the psychological and emotional state. Emotional avoid-
ance leads to restricted breathing (not fully involving the
balance between diaphragm and abdominal muscles),
anxiety is the cause of chronic muscle tension, social
withdrawal leads to body attitudes folded on oneself, and
an impoverishment of spontaneous bodily movements,
lack of self-confidence leads to poor postural stability
[15].

The notion of embodied cognition (embodiment) sug-
gests that the perception and treatment of an emotion
involves its perceptive, motor, and somatovisceral ex-
perience [16, 17]. Interoceptive awareness describes be-
havioral, metacognitive, and cognitive processes related
to internal bodily perceptions. Related to that concept,
various studies showed behavioral interoceptive deficits
in AN subjects with reduced interoceptive accuracy (that
is, the ability to correctly perceive the internal sensations
of the body) and also reduced interoceptive sensitivity
(beliefs related to internal perceptions evaluated through
questionnaires) [18, 19]. Alteration of the interoceptive
consciousness could thus contribute to the symptoms of
AN, for example the altered experience of hunger and
satiety [20, 21], body image distortion, and alexithymia
[18, 22].
Body-oriented care (relaxation, psychomotor therapy,

aesthetic care, massage) is used in the care for patients
suffering from AN [23]. The body approach and body
image therapies allow adolescents to reinvest their body
perceptions and sensations other than through
deprivation and suffering and contribute to the improve-
ment of their health status. It helps the adolescent break
the body-mind division and the massive denial in which
she/he is locked [23]. Unfortunately, studies on body-
based approaches in AN are sparse and include small
cohorts. They show little effect on weight evolution but
a possible decrease in anxiety, frequent improvement of
the thymia, and reduction in dietary concerns [24]. In
addition, Adaptive Physical Activity Programs allow for
progressive stress rehabilitation and have demonstrated
beneficial action on the evolution of symptoms, particu-
larly an improved self-perception [23].
There is a contrast between this consensual finding of

the importance of body pattern disorders and body per-
ception in AN, and the relative deficit of specifically tar-
geted body care for AN. The body approach that we
propose is based on the understanding that posture,
breathing, muscle tension, and body perception are
closely related to our psychological and emotional state,
and therefore are disturbed in a patient suffering from
AN. In osteopathic medicine, the osteopath, in a sys-
temic approach after osteopathic diagnosis, carries out
mobilizations and manipulations for the management of
osteopathic dysfunctions of the human body.
To date, to our knowledge, there is no study based on

the evaluation of an osteopathic treatment protocol in
the management of patients with AN. Studies have
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focused on the contribution of osteopathy to intestinal
functional disorders. Several studies have shown de-
creased abdominal pain in populations with chronic con-
stipation [25] and irritable bowel syndrome [26, 27].
Another study showed improved abdominal pain and
bloating, decreased use of medication, and improved
quality of life for women with functional constipation
after osteopathic treatment at a rate of one session per
week for 1 month [28].
Thus, the ACAMTO study is exploratory research

which aims to evaluate the impact of a targeted osteo-
pathic treatment for AN within the framework of the
recommended multidisciplinary approach for anorexic
adolescent population.

Objectives
Primary objective
The main objective of this randomized parallel-group
trial is to examine if the addition of a targeted osteo-
pathic treatment to treatment as usual (TAU) for AN
(multidisciplinary treatment program for adolescent with
AN) is significantly more efficacious than TAU alone in
terms of interoceptive sensitivity.

Secondary objectives
Secondary objectives are as follows:

� To examine if adding a targeted osteopathic
treatment to TAU for AN is significantly more
efficacious than TAU alone in terms of clinical
evolution, evaluated by other clinical outcomes (self-
esteem, anxiety, depression, depressivity,
alexithymia, quality of life, ED symptoms, physical
hyperactivity, self-injury, body satisfaction, body
mass index).

� To assess if adding a targeted osteopathic treatment
to TAU for AN compared to TAU alone is
significantly more efficacious in terms of the
evolution of somatic dysfunctions (sensitivity,
mobility, texture, asymmetry).

� To explore the subjective experience of patients who
have completed osteopathic treatment sessions.

� To explore the subjective experience of osteopath
students who have performed the osteopathic
treatment sessions.

Hypotheses
We developed, within the department of Psychiatry, a
specific body approach for female adolescents hospital-
ized for AN. In collaboration with an experienced osteo-
path, YKM, we will offer an osteopathic treatment of 5
sessions performed over a week, in addition to the usual
care offered to these patients. This approach is designed

to enable anorexic teenage girls to improve their body
perception and better embody their own body.
The hypothesis of this research is that a specific body

approach to AN, based on osteopathic treatment ses-
sions, in addition to the TAU, is significantly more effi-
cacious than the TAU alone.

Methods
General design aspects
This study is an exploratory add-on, monocentric, pro-
spective, parallel-group, randomized controlled trial
comparing a targeted osteopathic treatment in addition
to TAU (multidisciplinary treatment program for adoles-
cent with AN) versus TAU alone. Participants will be
randomly allocated to either receive the 5 30-min ses-
sions of osteopathic treatment spread over a week plus
the TAU for AN (Group A) or receive the TAU alone
(group B). Outcomes will be assessed at baseline, before
the 3rd osteopathic session (group A) or 3 weeks after
the first questionnaires (group B), and 1 week after the
last osteopathic session (group A) or 6 weeks after the
first questionnaires (group B). Patients will be included
for a maximum of 14 weeks between the inclusion time
and the last evaluation. The study protocol is outlined in
the flowchart (Fig. 1).
The Standard Protocol items: Recommendations for

Interventional Trials (SPIRIT) checklist is provided in
Additional file 1.

Participants
Patients will be recruited from the inpatient and out-
patient units of the Adolescent and Young Adult Psych-
iatry department of the Institut Mutualiste Montsouris
(Paris, France).

Inclusion criteria
All patients treated in outpatient care or hospitalized for
AN in the psychiatry unit of the Institut Mutualiste
Montsouris will be offered by the principal investigator
or co-investigators to participate in the study if (1) they
are female, (2) they are aged between 13 and 20 years
old included, (3) they have a Diagnostic and Statistical
Manual of Mental Disorders fifth edition (DSM-5) diag-
nosis of AN (restricting or binge-eating/purging types),
(4) they have a body mass index (BMI) ≥ 14 kg m−2, (5)
they have been treated in consultation for at least 2
months or have been hospitalized in the psychiatry unit
of Institut Mutualiste Montsouris, (6) they have a clin-
ical/somatic state compatible with osteopathy sessions
(prior medical advice), (7) they are not in a “separation
period”, (8) they have signed the informed consent form
as well as both parents for patients under 18, and (9)
they are not part of another research protocol.
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At the Adolescent and Young Adult Psychiatry depart-
ment of the Institut Mutualiste Montsouris, during a
full-time hospitalization for AN, the “separation period”
is linked to the establishment of a hospitalization con-
tract between the medical team, the family, and the pa-
tient. This contract defines a time of separation between
the family and the patient. It is built around two axes:

the final discharge weight allowing the patient to leave
the service and an intermediate weight called the “separ-
ation lifting weight.” This separation lifting weight is so
named because it puts an end to the first part of the
hospitalization which is carried out away from the living
environment of the patient (parents, friends,
schooling…).

Fig. 1 ACAMTO study participants flowchart. Legend: TAU = treatment as usual; T = time
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Non-inclusion criteria
Patients will not be included in the study if (1) they are
male, (2) they are under 13 years old or over 20 years
old, (4) they have a contraindication to osteopathic body
approach sessions (fracture, recent surgery, etc.), (5) they
have a body mass index (BMI) < 14 kg m−2, (6) they
need a naso-gastric tube, (7) they are in a “separation
period”, (8) they are not fluent in French, (9) they are
not covered by health insurance, and (10) they are part
of another research protocol.
Non-included subjects will be listed along with the

causes of their non-inclusion.

Exclusion criteria
Patients will be excluded from the research if (1) they
have a contraindication to osteopathic body approach
sessions (fracture, recent surgery, somatic state not com-
patible with the osteopathic treatment), (2) they are not
covered by health insurance, and (3) they are part of an-
other research protocol. Excluded subjects will be listed
along with the causes of their exclusion.

Randomization
All patients who give consent to participate and who ful-
fill the inclusion criteria will be randomized.
Randomization will be centralized and stratified accord-
ing to the status of treatment at inclusion (outpatient
care or hospitalization) and age (2 classes: 13–15 years
old included and 16–20 years old). A randomization list
with blocks of variable sizes will be computer-generated
by a statistician independent from the group recruiting
the patients and the group taking care of patients. The
allocation ratio will be 1:1.

Blinding
Only osteopaths, their accompanying persons, and a
psychologist coordinator (CDL) will receive information
about group allocation, as well as patients and parents
when the patient is under 18. The assessor of the clinical
and psychological outcomes (research psychologist) will
be blinded from the treatment group and will use stan-
dardized research questionnaires. Assessors of the osteo-
pathic outcomes will not perform the osteopathic
sessions, to guarantee an independent evaluation.

Interventions
After their inclusion in the trial, the patients will receive
either the targeted osteopathic treatment in addition to
TAU (group A) or TAU alone (group B).

Osteopathic treatment (group A)
Special attention is paid to body approach care for
anorexic patients in our psychiatry unit. A targeted
osteopathic treatment for AN has been created by an

osteopath (YKM), based on scientific literature and her
own experience. The protocol was refined after 3 ses-
sions for 3 different patients during the preparatory
phase of the study. Indeed, in May 2019, 3 sessions of
the osteopathic protocol were performed 1 week apart
for 3 patients hospitalized in the department of psych-
iatry, after medical advice of no contraindication to the
practice. The consent agreements of patients and their
parents were collected and included in their medical re-
cords. Each intervention took place in full view of a
caregiver of the unit as we usually do.
The osteopath, YKM, trained and supervised a group

of osteopath students specially dedicated to the protocol,
in their 3rd and 4th year of school.
Each patient allocated to group A will be followed by

the same two osteopaths. One of them will provide the 5
sessions of osteopathic treatment. Sessions have a 30-
min duration and about a week separates two sessions.
The other one will evaluate the evolution of the somatic
dysfunction. Two caregivers of the service will attend
the sessions with the osteopaths and the patient. The
presence of a caregiver during the therapeutic activities
is customary in our unit.
The osteopathic treatment protocol will use tech-

niques on 3 areas: cervical, diaphragmatic, and digestive.
The protocol is detailed in Additional file 2.

TAU (for groups A and B)
The outpatient and inpatient treatment will be done in
accordance with the French Health Authorities’ recom-
mendations [11]. Multidisciplinary care is proposed, pos-
sibly involving nurses, psychologists, psychiatrists,
general practitioners, gynecologists, rheumatologists, di-
eticians, occupational therapists, body approach special-
ists, and social workers. Targets for treatment include
ED symptomatology, consequences of starvation, psy-
chological disorders, and family interactions. A coordin-
ating psychiatrist coordinates the care for AN. For a full
description of inpatient and outpatient treatment modal-
ities in our structure, see previous studies [29–31].

Instruments
Figure 2 summarizes the patients evaluations proposed
at baseline, before the 3rd osteopathic session (group A)
or 3 weeks after the first questionnaires (group B) and 1
week after the last osteopathic session (group A) or 6
weeks after the first questionnaires (group B).
Evaluations are described in the following paragraphs.

Clinical and demographic information
The patient’s demographic information will be collected
through a self-report questionnaire, and clinical informa-
tion (e.g., personal and family psychiatric history, history
of illness, current treatment) will be collected through a
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Fig. 2 (See legend on next page.)
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semi-structured interview. Weight will be measured with
the subject wearing only underwear on the same cali-
brated scales. Stature will be measured using a
stadiometer.

Psychological quantitative evaluation

Short-CIDI The Short-CIDI (Composite International
Diagnostic Interview) form is a hetero-questionnaire
diagnostic assessment instrument for the diagnosis of
eating disorder (ED) [32]. The sections of the Short-
CIDI relevant for the evaluation of ED will be used.

fMAIA scale (Multidimensional Assessment of
Interoceptive Awareness, French version). Interocep-
tive consciousness is a concept that describes behavioral,
metacognitive, and cognitive processes related to in-
ternal bodily perceptions. The sub-components are as
follows: interoceptive precision, metacognitive interocep-
tive consciousness, and interoceptive sensitivity [33].
The interoceptive sensitivity is concerned with the cog-
nitive beliefs of the subjects in relation to their bodily
perceptions. It is measured through certain scales such
as MAIA (Multidimensional Assessment of Interoceptive
Awareness) [34]. MAIA is a 32-item multidimensional
scale with 8 sub-scales: (a) Noticing: awareness of un-
comfortable, comfortable and neutral bodily sensations;
(b) Not-Distracting: the tendency to not ignore or dis-
tract oneself from sensations of pain or discomfort; (c)
Not-Worrying: the tendency to not react with emotional
distress or worry to sensations of pain or discomfort; (d)
Attention Regulation: the ability to sustain and control
attention to bodily sensation; (e) Emotional Awareness:
the awareness of the connection between bodily sensa-
tions and emotional states; (f) Self-Regulation: the ability
to regulate psychological distress by attention to bodily
sensations; (g) Body Listening: actively listening to the
body for insight; and (h) Trusting: experiencing one’s
body as safe and trustworthy. The scale was studied in
an ED clinical population including restrictive AN, AN
with purging behaviors, bulimia, bulimic hyperphagia,
Avoidant Restrictive Food Intake Disorder (ARFID), and
other specified EDs [35]. In this study, the dimensions of
not-distracting, self-regulation, body listening, and trust-
ing were more strongly associated with ED [35]. This

scale was translated and validated in French, presented
at the congress of the French Society of Psychology in
2016 [36]. The translated scale has good psychometric
properties. The results show that the fMAIA follows a
factor structure similar to that of the original version.
The internal consistency is good (α = 0.83), as well as its
stability over time.

Eating Disorder Diagnostic Scale (EDDS) The Eating
Disorder Diagnostic Scale (EDDS) is a self-administered
questionnaire of 23 items used to assess the presence of
AN, bulimia nervosa, and binge-eating disorder [37].
The scale is presented as a combination of question-
naires with Likert scales, yes/no scores, frequency scales,
and open-ended questions.

Eating Disorders Inventory (EDI-2) The Eating Disor-
ders Inventory-2 (EDI-2) is intended to assess attitudes
and behaviors related to eating habits [38, 39]. Although
it is not diagnostic, it is often used in the context of a
search for an ED to study the psychological characteris-
tics of the subjects. Eleven dimensions are listed: drive
for thinness, bulimia, body dissatisfaction, ineffective-
ness, perfectionism, interpersonal distrust, interoceptive
awareness, fear of maturity, asceticism, impulsivity regu-
lation, and social insecurity. Each of the 91 items must
be rated by the subject in six degrees ranging from
“never” to “always.” Higher scores indicate higher level
of symptoms.

Body Shape Questionnaire (BSQ) The Body Shape
Questionnaire (BSQ) is a one-dimensional self-
assessment of 34 items used to assess preoccupations
and concerns around body image, developed by Cooper
and his colleagues and validated in French [40, 41]. The
BSQ-34 scale includes four sub-scales: body dissatisfac-
tion, fear of gaining weight, low self-esteem, and desire
to lose weight. A high score indicates strong body image
concern. The 34 items refer to the status of the last 4
weeks and the answers are in the form of a 6-point
Likert scale from “never” to “always.” The total score
ranges from 34 to 204. Scores below 80 indicate a lack
of clinical significance of bodily concerns.

(See figure on previous page.)
Fig. 2 Schedule of enrolment, interventions and assessments for ACAMTO study (SPIRIT figure). Legend: AUT = as usual treatment; BSQ = Body
Shape Questionnaire; BVAQ-B = Bermond-Vorst Alexithymia Questionnaire Form B; DEQ = Depressive Experiences Questionnaire; ED-QOL =
Eating Disorders Quality Of Life Scale; EDDS = Eating Disorder Diagnostic Scale; EDI-2 = Eating Disorders Inventory-2; EDS-R = Exercise-
Dependence Scale-Revised; fMAIA = French Multidimensional assessment of Interoceptive Awareness; HAD = Hospital Anxiety and Depression
scale; OSI = Ottawa Self-Injury Questionnaire; RSE = Rosenberg Self-Esteem Scale; Short-CIDI = Short-Composite International Diagnosis Interview;
SOAP = Subjective, Objective, Assessment, Plan; STAI-Y = State-Trait Anxiety Inventory, Form Y. *The SOAP note form is assessed during the study
period before each osteopathic treatment sessions and at T3
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Bermond-Vorst Alexithymia Questionnaire Form B
(BVAQ-B) The Bermond-Vorst Alexithymia Question-
naire Form B (BVAQ-B) is a self-administered question-
naire that evaluates introspection and emotional
regulation difficulties [42, 43]. This is a questionnaire of
20 items including 5 sub-scales: verbalization of emo-
tional experiences (B1), waking dream and fantasies
(B2), identification of emotions (B3), tendency to be
awakened by events inducing emotions (B4), analysis of
one’s own emotional states and reactions (B5). A high
score indicates a high level of alexithymia.

Rosenberg Self-Esteem Scale (RSE) The Rosenberg
Self-Esteem Scale (RSE) is one of the most well-known
and widely used scales in self-esteem assessment [44,
45]. This scale proposes ten items: five correspond to
high self-esteem, and five correspond to low self-esteem.
For each of the questions asked, the subject gives his ap-
preciation on a Likert scale in four points ranging from
“fully agree” (1) to “do not agree at all” (4). For positive
questions, the score is added up. For negative questions,
the rating is reversed. Possible scores range from 10 to
40, 40 representing the highest level of self-esteem, while
10 represents the lowest level of self-esteem. A score of
10 to 16 is in favor of low self-esteem, a score of 17 to
33 is an average self-esteem, and finally, a score of 34 to
40 shows high self-esteem.

State-Trait Anxiety Inventory, Form Y (STAI-Y) The
State-Trait Anxiety Inventory, Form Y (STAI-Y), de-
scribed in 1983, is one of the most widely used self-
assessment scales in research and clinical practice [46].
This scale was adapted in French and validated in 1990,
then called STAI-Y [47]. The STAI-Y is a test to assess
momentary anxiety and habitual anxiety. The STAI-Y
consists of 2 scales of 20 items each. The State-Anxiety
scale assesses the feelings of apprehension, tension, ner-
vousness, and anxiety that the subject feels at the time
of the consultation. It is an indicator of transient
changes in anxiety caused by therapeutic or aversive sit-
uations. The Trait Anxiety Scale assesses feelings of ap-
prehension, tension, nervousness, and anxiety that the
subject usually feels. The purpose of this scale is to iden-
tify anxiety as a stable arrangement. Both scales can be
used independently. Each item in the inventory is rated
from 1 to 4, depending on its intensity. The total score
thus varies from 20 to 80. For ease of interpretation, the
results are classified into 5 levels: (1) very high stress
(≥ 66); (2) high stress (56 to 65); (3) medium stress (46 to
55); (4) low stress (36 to 45); (5) very low stress (≤ 35).

Depressive Experiences Questionnaire (DEQ)—Adolescent
Version Blatt and colleagues have developed an original
line of reflection on the primary sources of depression,

based on both psychoanalytical and cognitive work [48].
It was validated in French with a teenage version [49].
Depression could be either correlated with feelings of
abandonment and impotence, weakness, and exhaustion,
or with feelings of self-esteem, self-criticism, shame,
and guilt. The DEQ is a self-assessment of 66 items to
assess “depressive experiences” and thus differentiate
anaclitic from internalization-introjection depressions.
This notion of “depressive experience” refers to the
existence of a depressive tone or depressivity, which
can be demonstrated before the onset of clinical symp-
toms of depression and the constitution of a major
depressive disorder.

Hospital Anxiety and Depression (HAD) scale The
Hospital Anxiety and Depression (HAD) scale is a self-
administered scale of 14 items [50, 51]. It contains 7
questions related to anxiety and 7 other questions re-
lated to the depressive dimension, allowing the obten-
tion of 2 scores. Each item is rated on a scale from 0 to
3, for a total maximum score of 21 for each score. A
score between 0 and 7 is considered normal, a score be-
tween 8 and 10 shows symptoms of moderate intensity,
a score between 11 and 14 highlights symptoms of
average intensity, and finally a score between 15 and 21
corresponds to a high intensity of symptoms.

Ottawa Self-injury Questionnaire (OSI) The Ottawa
Self-injury Questionnaire (OSI) is a self-assessment
questionnaire of 12 questions, assessing the frequency
and topicality of self-mutilation, the context of the onset
of the behavior, the physical areas involved, and the mo-
tivations for this type of behavior [52].

Eating Disorders Quality of Life (ED-QOL) scale The
Eating Disorders Quality of Life (ED-QOL) scale is a
self-questionnaire comprising 25 items and 4 sub-scales:
psychological, physical/cognitive, work/school, and
financial fields [53]. A higher score indicates a better
quality of life.

Exercise-Dependence Scale-Revised (EDS-R) The
Exercise-Dependence Scale-Revised (EDS-R) scale is
used to measure 7 dimensions through 21 items with a
6-point Likert scale [54, 55]. These seven dimensions are
as follows: tolerance, weaning, lack of control, reduction
of other activities, intention, time, and continuity.

Evaluations of osteopathic treatment with SOAP
(Subjective, Objective, Assessment, Plan) note form
The SOAP (Subjective, Objective, Assessment, Plan)
note form is a validated, standardized and easy-to-use
tool for assessing the evolution of somatic dysfunctions
(sensitivity, mobility, texture, asymmetry) [56].
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This tool is recommended by professional osteopaths
in the context of osteopathic research and studies.

Outcomes
Primary outcome
The primary outcome is the evolution of interoceptive
sensitivity using the fMAIA scale (Multidimensional As-
sessment of Interoceptive Awareness). We will calculate
the difference between the fMAIA values between the
last and the first evaluations.

Secondary outcomes
Secondary outcomes are as follows:

� Change in the patient’s overall clinical outcome
(weight, pain, transit…) from T1 (baseline) to T3 (1
week after the last osteopathic session (group A) or
6 weeks after the first questionnaires (group B)).

� Change in the nature and severity of patient’s ED
symptoms (EDDS and EDI-2) from T1 to T3.

� Change in the nature and severity of patient’s
psychopathological symptoms (BSQ, BVAQ, RSE,
STAI-Y, DEQ, HAD, OSI, EDS-R) from T1 to T3.

� Change in the perceived quality of life (ED-QOL)
from T1 to T3.

� Change in somatic dysfunction (SOAP note form)
from T1 to T3.

� Qualitative analysis of interviews of patients who
received osteopathic treatment and osteopath
students that performed the sessions (Interpretative
Phenomenological Analysis method).

Statistics
Sample size
To date, there is no quantitative data on which to base
an order of expected effectiveness because this study is
the first in the field. The calculation of the necessary
number of subjects based on previous published re-
search is therefore not possible. However, we carried out
a clinical preparatory phase for the research by offering
3 osteopathy sessions of the initial treatment protocol to
3 patients with AN. They completed the MAIA ques-
tionnaire before and after the 3 sessions. For these 3 pa-
tients, total fMAIA values first and after evaluations
were respectively 15.2 (sd = 7.9) and 23.2 (sd = 7.3) with
an average difference of 7.97 (sd = 3.43). If the results of
the study are positive, even if this sample size (n = 3)
was too small to do statistical tests, that gave a favorable
trend to support the study.
Finally, it seems essential that each of the two groups

has more than 30 patients (use of parametric tests). Con-
sidering a 5 to 10% dropout rate, we calculated a sample
size of 36 patients per treatment group.

In addition, this research is categorized as interven-
tional research with only minimal risks and constraints
mentioned 2 ° of Article L. 1121-2 of the Public Health
Code. In this context, there are no anticipated formal
stopping rules.

Statistical methods

Quantitative data First, we will conduct descriptive
analyses (calculations of means and standard deviation
for the quantitative variables, percentages, and absolute
numbers for the qualitative variables).
Quantitative variables will be analyzed with Student’s t

test or a Mann-Whitney rank test if the validity condi-
tions of the Student’s test are not validated. That will in-
clude the primary outcome as the difference between
the fMAIA values between the last and the first evalua-
tions, and the secondary outcomes such as the change in
the patient’s clinical outcome (weight, pain…), the
change in the nature and severity of patient’s ED symp-
toms (EDDS and EDI-2), the change in the nature and
severity of patient’s psychopathological symptoms (BSQ,
BVAQ, RSE, STAI-Y, DEQ, HAD, OSI, EDS-R), the
change in the perceived quality of life (ED-QOL), and
the change in somatic dysfunction (SOAP note form)
from T1 to T3.
Qualitative variables will be analyzed with a chi-square

test or an exact Fisher test if the validity conditions for
chi-square are not validated. That will include the socio-
demographic data and some secondary outcomes such
as the change in the patient’s clinical outcome
(localization of pain, transit…) from T1 to T3. Statistical
tests will be two-sided with a significance level set at
0.05.
Relative to sample size, we did not plan any adjusted

or additional analyses. In addition, we will collect differ-
ent information for each patient at each stage of the
protocol (inclusion, randomization, assessments). Sub-
jects randomized to a group that will ultimately do not
join their randomization group will be out of the study.
We have estimated for the calculation of the sample size
a dropout rate of 5 to 10%, which remains compatible
with sufficient statistical power. We will compare the
characteristics of dropout subjects compared to those
who completed the study to investigate possible biases.

Qualitative data We will collect the individual stories
of patients who received osteopathic treatment from a
semi-structured interview grid, which will be recorded
(date, file number of research, and interview) on a voice
recorder in order to allow a written transcription. At the
end of the last osteopathic treatment session of a patient
in Group A, we will also offer the osteopathic students
to participate in a qualitative interview.
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Throughout the interview, the subject is encouraged
to speak freely, associate, and develop ideas. The guide
remains an indicative framework to promote the narra-
tive process. It will be modified according to the course
of the interview to fluidify the exchange and not hinder
the collection of data. The participant is the expert of
his own experience.
Data analysis will be based on the IPA (Interpretative

Phenomenological Analysis) method, a classical method
for exploiting narratives. The IPA is more specifically
centered on the personal meaning of the person’s experi-
ences. The IPA is thus a “qualitative approach to re-
search engaged in examining how people give meaning
to their main life experiences”. Its approach is basically
inductive and interpretive. It is phenomenological inso-
far as it explores experience with its own terms. It is her-
meneutic to the extent that it is a “theory of
interpretation.”
A double rating of the data is done to increase the

rigor of the analysis. The identity of each of the re-
searchers will be specified.
The semi-structured interview questions are as follows:
For patients who have completed the osteopathic ses-

sions to explore the subjective experience of these
sessions:

� Can you describe an osteopathy session?
(Alternative: How does an osteopathy session go?)

� How did you feel during the sessions? How did you
feel right after? What did you like the most/least?
(Alternatives: Did you find this useful? Have you
ever felt bad during or after a session? What could
you say about your perception of your own body? of
your body image?)

� What did the osteopathic sessions bring for you
outside of the sessions? (Alternatives: did you see
any benefit between sessions? Movement, breathing,
tone…? When? How?)

� What does osteopathy mean to you? (Alternatives:
What do you think? Does it make sense?)

� Have you talked about your experience of
osteopathy around you? (Alternatives: outside
sessions? with your family? psychiatrists? nursing
team? other patients?)

� Compared to other activities offered in the
management of your anorexia nervosa, what is the
specificity of osteopathy sessions for you?

� Would you like to continue osteopathic treatment
after this proposed treatment?

� Could you summarize your opinion on osteopathy
sessions?

For osteopath students who have practiced osteopathic
treatment sessions to explore their subjective experience

of the sessions, their work, and meeting with each
patient:

� Can you describe the evolution of the patient
through osteopathic treatment? (Alternatives: what
did you think of the patient’s management? What
changed, what was modified for this patient?)

� How did you feel during the sessions? What do you
feel at the end of this treatment? (Alternative: did
you feel any difficulty during this treatment?)

Data collection and management
Data will be transferred to observation paper files as it is
collected, whether it is clinical or para-clinical data (in-
cluding possible adverse events). The psychologist co-
ordinator will collect the data from paper files
(anonymous Case Report Form with patient codes) and
will entry the data in an Excel document. The list of cor-
respondence between patient codes and clear names and
surnames shall be kept under the responsibility of the
principal investigator in a locked cabinet and will be
only known by the psychologist coordinator. The statis-
tician will give the result of randomization to the re-
search coordinator depending on the necessary data for
stratification. The research coordinator will enter the re-
sult of the randomization on the paper form. This circuit
is independent of the principal investigator and associate
investigators. A clinical research assistant appointed by
the trial sponsor will keep the database on the hospital
server with daily back-up on an outsourced server. For
the data quality control, a double manual quality-check
of the paper files will be carried out by the research
psychologist and the psychologist coordinator who is
used to coordinate research for many years in our de-
partment. Random checks will be made between Excel
and paper data after entry. Missing and erroneous data
(e.g., out-of-range data) will be detected by the statisti-
cian and reported to the investigator for correction.
Randomization program and data management proce-
dures will be stored as R program code files and will be
accessible, as well as anonymous data used for
randomization.
Essential research documents that come under the law

on biomedical research will be archived by all parties for
15 years after the end of research. This trial does not in-
volve collecting biological specimens for storage. To en-
sure confidentiality, the access to the trial data will be
limited to the minimum number of necessary individ-
uals, e.g., the trial team and sponsor organization. Each
patient will have an individual trial identification num-
ber, his personal data is therefore collected in complete
security. The anonymized trial data will not be share
with other researchers to enable international prospect-
ive meta-analyses.
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The trial is registered with the French National Com-
mission for Data Protection and Liberties (CNIL) under
chapter IX of law no. 78-17 of 6 January 1978, modified
by law no. 2016-41 of 26 January 2016, regarding the
treatment of personal data for the purpose of scientific
research in the health field. The investigator and the
members of his team agree to make themselves available
during the Quality Control visits carried out at regular
intervals by the Clinical Research Assistant mandated by
the sponsor.
The research is categorized as interventional research

with only minimal risks and constraints mentioned 2 ° of
Article L. 1121-2 of the Public Health Code. Thus, there
is no vigilance circuit apart from the one we use in daily
care. Osteopaths have an internship agreement and in-
surance. There is no anticipated harm and compensation
for trial participation, and no provision for post-trial
care. At the end of the trial, all the subjects will go on
their usual treatment.
Any modification from the protocol will be fully docu-

mented with a new written document. The sponsor and
the foundation will be informed of the changes. We will
update the protocol in the clinical trial registry.

Discussion
The scientific literature highlights body-related disorders
in AN, either in terms of perceptions, experiences, or
body representations. Offering body-mediated care
seems to be particularly indicated. However, despite the
idea that body approach techniques may be interesting
in AN, there is a relative deficit in care proposals specif-
ically dedicated to this disorder. The ACAMTO study is
exploratory research that aims to evaluate the impact of
a targeted osteopathic treatment for AN within the
framework of the recommended multidisciplinary ap-
proach for the anorexic adolescent population. The main
objective of this study is to examine if the addition of a
targeted osteopathic treatment to TAU (multidisciplin-
ary treatment program for adolescent with AN) for AN
is significantly more efficacious than TAU in terms of
interoceptive sensitivity. Secondary objectives are to
examine if adding a targeted osteopathic treatment to
TAU for AN compared to TAU alone is significantly
more efficacious in terms of clinical evolution, evaluated
by other clinical and psychopathological outcomes (self-
esteem, anxiety, depression, depressivity, alexithymia,
quality of life, ED symptoms, physical hyperactivity, self-
injury, body dissatisfaction, body mass index, somatic
dysfunctions).
From our point of view, our study presents important

strengths. First, to our knowledge, this is the first study
to evaluate the impact of an osteopathic treatment on
adolescent patients with AN. The protocol was specific-
ally studied and developed for patients with AN,

meaning the techniques and the areas of treatment were
specifically adapted for them. It enhances its individual-
ized and personalized specificities. Secondly, the osteo-
pathic treatment protocol has been standardized by an
experienced osteopath (YKM). And the interest of a
standardized protocol is to propose an evidence-based
and reproducible treatment. Thirdly, a special feature of
the study design is an add-on trial, meant to study the
impact of osteopathic management in addition to the
multidisciplinary care already offered. If the results of the
study show an efficacy of osteopathic techniques in
addition to the TAU, this will allow us to improve thera-
peutic indications and achieve greater and earlier efficacy.
The trial also faces challenges that we have to con-

sider. Several potential practical issues may challenge the
successful and timely completion of the study, particu-
larly regarding the recruitment and attrition. Indeed, we
have to recruit 72 patients with DSM-5 AN criteria
while the reported prevalence in women ranges from 0.5
to 2.2% [2–4]. However, the recruitment is done in a de-
partment with a specialization for ED including AN, and
the projections based on the regular active list of pa-
tients in consultation and hospitalization units make us
confident about an effective recruitment in the dedicated
time. In addition, patients with ED are known to be am-
bivalent about the treatment and to suffer from denial.
That can be difficult if the treatment or the assessment
are experienced as too burdensome. The psychologists
in charge of coordinating the study and evaluations are
aware of this issue and have already experienced the
management of follow-up evaluations of patients with
eating disorders.
Finally, another challenge concerns minimization of bias

linked to osteopath students. Indeed, all osteopath stu-
dents involved in the trial have been trained by YKM who
developed the protocol. We expect to minimize the poten-
tial bias by regular training and regular communication
between the students and the referent osteopath (YKM).
To conclude, if the results of the study are positive

(statistically significant efficacy of this osteopathic treat-
ment protocol), the study will provide arguments in
favor of osteopathic sessions as a possible non-invasive
additional treatment option in the multidisciplinary care
approach for patients with AN. We have to remember
here that no drug, psychotropic or non-psychotropic,
has a marketing authorization—in France or world-
wide—specially dedicated to AN.
Considering the severe prognosis of AN, the difficul-

ties encountered in its management, the expected bene-
fits in terms of Public Health are important.

Trial status
The trial was registered on ClinicalTrials.gov ID:
NCT04666415, Release Date: December 11, 2020
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(https://clinicaltrials.gov/ct2/show/NCT04666415); IDRCB
number: 2019-A02613-54. Recruitment for the trial started
in February 2020 but was stopped because of the COVID-19
health crisis in March 2020 and started again in October
2020. We scheduled an end of recruitment in April 2022.
Participant recruitment and data collection have already
begun at the time of manuscript submission.
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