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Abstract

Eating disorders present unique challenges in physical rehabilitation due to 
the complex interplay between malnutrition-related physical impairments and 
psychological factors that maintain pathological exercise behaviors. This paper 
describes therapeutic procedures for integrating physical rehabilitation within 
an enhanced cognitive behavior therapy (CBT-E) framework for patients with 
eating disorders in a specialized inpatient setting. The approach addresses both 
the physical adaptations to malnutrition and the psychological mechanisms that 
perpetuate excessive exercise. A three-phase progressive model is presented, 
incorporating systematic assessment protocols, graduated exposure strategies, 
and real-time monitoring of cognitive and emotional processes during physical 
activity. The model is designed to restore functional capacity while simultaneously 
addressing the psychopathological features that maintain the disorder. Clinical 
implications, current limitations, and future research directions are discussed, with 
particular emphasis on the potential role of fitness assessment as a therapeutic 
tool within personalized CBT-E formulation.
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Introduction

The relationship between eating disorders and physical acti-
vity is complex and bidirectional. While appropriate physi-
cal activity can contribute to recovery [1], excessive or com-
pulsive exercise represents a significant maintaining factor 
in eating disorders, associated with more extended hospita-
lizations, lower remission rates, and more rapid relapse fol-
lowing treatment [2,3]. The prevalence of excessive exercise 
in eating disorder populations ranges from 39% to 48% in 
adults, reaching up to 80% in patients with restricting-type 
anorexia nervosa [2,4]. Concurrently, severe malnutrition 
produces profound physical adaptations affecting multiple 
physiological systems, including metabolic suppression, 
cardiovascular changes, musculoskeletal deterioration, and 
compromised connective tissue integrity [5,6].

Despite the clinical significance of these physical ma-
nifestations, current treatment approaches for eating di-
sorders have historically adopted either complete exercise 
restriction or unsystematic reintroduction protocols. The 
former, prevalent in the 1970s-1990s, often resulted in 
high relapse rates and compromised therapeutic alliance 
[7]. More recent approaches have recognized the need for 
earlier physical activity reintegration, yet systematic fra-
meworks integrating physical rehabilitation within evi-
dence-based psychological treatment remain limited [8,9].

Enhanced cognitive behavior therapy (CBT-E) has 
emerged as the leading evidence-based treatment for ea-
ting disorders across diagnostic categories and age groups 
[10,11]. However, standard CBT-E protocols provide limi-
ted specific guidance on managing physical activity and 
restoring functional physical capacity. This represents a 
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significant gap, as addressing exercise-related psychopa-
thology and physical rehabilitation requires specialized 
expertise that typically falls outside the training of CBT-E 
therapists. At the same time, physiotherapists and exercise 
specialists often lack the psychological intervention skills 
necessary to address the cognitive and emotional processes 
maintaining pathological exercise patterns [12].

This paper describes therapeutic procedures for integra-
ting physical rehabilitation within a CBT-E framework, de-
veloped and implemented at Villa Garda Hospital. In this 
specialized inpatient rehabilitative setting, physiotherapi-
sts receive extensive CBT-E training. The approach aims 
to provide a coherent theoretical and practical framework 
that addresses both the restoration of physical function 
and the modification of psychological mechanisms main-
taining excessive exercise and body-related pathology.

Background

Physical Adaptations in Eating Disorders

Severe malnutrition in eating disorders triggers extensive 
adaptive responses across multiple physiological systems. 
These adaptations, while initially protective, ultimately 
contribute to functional impairment and increased medi-
cal risk [5,13].

Metabolic adaptations represent the body's primary ener-
gy-conservation strategy. Basal metabolic rate may decrease 
by up to 40% in severe anorexia nervosa, accompanied by 
reduced thermogenesis and energy expenditure [14]. Car-
diovascular changes include bradycardia, hypotension, re-
duced cardiac mass, and QTc interval prolongation, incre-
asing the risk of cardiac arrhythmias, particularly during 
refeeding [15]. Endocrine suppression manifests as hypotha-
lamic hypogonadism, reduced thyroid function with low T3 
syndrome, and hypercortisolemia, contributing to both me-
tabolic adaptation and mood disturbances [16].

The musculoskeletal system undergoes particularly severe 
deterioration. Myopathy develops through accelerated mu-
scle catabolism driven by energy deficit and hormonal chan-
ges, particularly affecting type II muscle fibres [17,18]. This 
results in proximal weakness, reduced muscle strength and 
endurance, and increased risk of rhabdomyolysis during refe-
eding [19]. Bone health is severely compromised, with osteo-
penia present in approximately 92% and osteoporosis in 40% 
of patients with anorexia nervosa [20]. The fracture risk is 
approximately seven times higher than in the general popu-
lation, with trabecular bone loss particularly prominent and 
potentially irreversible even following weight restoration [21].

Connective tissue alterations emerge from reduced col-
lagen synthesis and impaired tissue repair capacity. These 
changes increase injury susceptibility and contribute to 
characteristic postural abnormalities, including thoracic 
hyperkyphosis and forward head posture [22]. Functional 
exercise capacity is markedly reduced, with compromised 
VO₂max and diminished exercise tolerance directly cor-
relating with nutritional status and cardiac adaptations 
[23,24].

The cognitive and psychological effects of malnutri-
tion, documented extensively in the Minnesota Starvation 
Experiment, include impaired concentration, cognitive ri-
gidity, preoccupation with food, depression, and anxiety 
[25]. These cognitive changes persist following initial re-
feeding, requiring extended nutritional rehabilitation for 
resolution and significantly impacting treatment engage-
ment and therapeutic processes [26].

Excessive Exercise in Eating Disorders

Excessive exercise in eating disorders extends beyond sim-
ple quantity or intensity considerations to encompass the 
quality, function, and psychological context of physical 
activity [27]. Definitions emphasize compulsivity, functio-
nal interference, and persistence despite adverse conse-
quences. The functions of excessive exercise are multiple 
and interrelated: primary body weight and shape control, 
compensatory behavior following eating, emotional regu-
lation, control-seeking in contexts of perceived helples-
sness, and body checking or reassurance-seeking [2,28].

The prognostic significance of excessive exercise is sub-
stantial. Patients engaging in excessive exercise demonstra-
te longer hospitalization duration, significantly lower re-
mission rates, and more rapid relapse following treatment 
[3,29]. The behavior manifests both as formal structured 
exercise and as subtle micro-movements camouflaged wi-
thin daily activities—walking rather than sitting, standing 
rather than resting, fidgeting, and maintaining muscle 
tension. These covert behaviors are particularly resistant to 
intervention and require vigilant monitoring and systema-
tic addressing [30].

Evolution of Physical Activity Management in 
Eating Disorders

Historical approaches to exercise management in eating 
disorders evolved through distinct phases. The abstinence 
era (1970s-1990s) prescribed complete bed rest with con-
tingent reinforcement, wherein physical activity privileges 
were earned through weight gain. This approach frequent-
ly resulted in high relapse rates and deterioration of thera-
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Sit-Up Squat Stand Hand grip test

peutic alliance, as patients experienced the intervention as 
punitive and inconsistent with recovery goals [7].

Early reintegration approaches (2000-2015) recogni-
zed the potential therapeutic value of supervised exercise. 
Tokumura and colleagues demonstrated the feasibility of 
moderate exercise during weight gain in anorexia nervosa 
[31]. The LEAP (Loughborough Eating Disorders Activity 
Programme) provided structured psychoeducational mo-
dules addressing exercise motivations and developing he-
althier relationships with physical activity [32]. Exposure 
with response prevention protocols adapted from anxiety 
disorder treatment targeted compulsive exercise patterns 
through graduated exposure to exercise abstinence [33,34].

Contemporary guidelines (2017-2025) reflect consensus 
toward individualized, risk-stratified approaches. The Safe 
Exercise at Every Stage (SEES) framework provides differen-
tiated guidance for adults (SEES-2), children and adolescen-
ts (SEES-Y), and athletes (SEES-A), emphasizing medical 
risk assessment, individualized prescription, and gradual 
progression [35,36,37]. The Royal College of Psychiatrists' 
MEED (Medical Emergencies in Eating Disorders) guide-
lines specify medical parameters for risk stratification [5]. 
The UK Physiotherapy guidance document provides com-
prehensive recommendations for physiotherapists working 
with individuals with eating disorders [12].

Despite these advances, integration of physical reha-
bilitation within a coherent psychological treatment fra-
mework remains limited, particularly in terms of systema-

tic procedures for addressing the cognitive and emotional 
processes that occur during physical activity.

The Villa Garda CBT-E Physical 
Rehabilitation Model

The physical rehabilitation model described here, deve-
loped at Villa Garda Hospital in Italy, integrates physical 
activity management within the CBT-E framework throu-
gh a multi-phase approach that addresses both excessive 
exercise patterns and the progressive restoration of fun-
ctional capacity. A distinguishing feature is the delivery 
of interventions by physiotherapists with extensive CBT-E 
training, enabling the systematic integration of psycholo-
gical and physical rehabilitation strategies.

Assessment Protocols

Comprehensive assessment precedes physical activity 
planning, incorporating both functional capacity evalua-
tion and psychopathological assessment. The Sit-Up Squat-
Stand (SUSS) and the Hand grip test (Figure 1) provides 
a standardized assessment of functional muscle strength 
[39]. In the Sit-Up Squat-Stand test patients perform speci-
fic movements (sit-up, squat, stand from chair) and are sco-
red from 0 (unable) to 3 (normal ability), with intermediate 
scores indicating the need for hand assistance or difficulty.

Hand grip strength assessment provides an objective me-
asurement of global muscle function, demonstrating excel-

Figure 1. Instructions for the Sit Up Squat Stand (SUSS) and Hand grip test

A  	Patient stands up straight, arms crossed.

B  	Patient squats down until the hamstrings 
touch the calves.

C  	Patient rises, if possible, without using their 
hands

A  	Patient lies down flat on the floor.

B  	Patient sits up, if possible, without using their 
hands.

A  	Patient sit on a chair, elbow flexed at 90°, 
forearm horizontal.

B  	Patient grips the dynamometer (dark grey 
triangle) and squeezes as hard as possible.

SCORING: 0=Unable, 1=Able only using hands and arms to help, 2=Able with noticeable difficulty, 3=Able with no difficulty
SCORING: Record the highest value of two trials (stronger 
hand)

A

A A B

B

B

C
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lent inter-rater reliability and strong correlation with nutri-
tional status and medical risk [39,40]. Cut-off values derived 
from guidelines stratify risk: high risk (males <30.5kg, fe-
males <17.5kg), moderate risk (males <38kg, females <23kg), 
and low risk (males >38kg, females >23kg) [38]. 

Combined SUSS and handgrip strength assessment 
explains approximately 65% of the variance in BMI and 
BMI-based risk level, providing a robust foundation for 
risk stratification and activity planning [39].

Preliminary Phase: Managing Excessive Exercise

Before initiating structured physical rehabilitation, sy-
stematic assessment and management of excessive exer-
cise patterns are conducted within a CBT-structured fra-
mework. This phase is essential for patients presenting 
with active excessive exercise behaviors and requires diffe-
rentiated approaches for formal structured exercise versus 
covert micro-movements embedded in daily activities.

The therapeutic approach follows a systematic progres-
sion. Initial sessions focus on developing awareness of 
egosyntonic strategies and the positive functions excessi-
ve exercise serves, recognizing that patients often perceive 
their exercise patterns as desirable rather than problema-
tic. Therapists facilitate awareness of physical and psycho-
social damage without confrontation, using open questio-
ning and guided discovery to help patients recognize costs 
previously minimized or unacknowledged [41]. The exerci-
se pattern is then integrated into the patient's personalized 
CBT-E formulation as a maintaining factor, explicitly lin-
king it to core psychopathology and demonstrating how it 
perpetuates rather than resolves underlying concerns.

Collaborative evaluation of the advantages and disad-
vantages of modifying exercise patterns provides a founda-
tion for shared goal-setting. This decisional balance work 
differs fundamentally from psychoeducation, actively en-
gaging the patient's ambivalence and respecting autonomy 
[42]. Collaborative strategy development follows, with the 
patient and therapist jointly designing specific, individua-
lized approaches to reduce excessive exercise. This may 
include real-time self-monitoring, identification of trig-
gering situations, development of strategies to address the 
urges, such as alternative activities and urge tolerating, and 
graduated exposure to reduced exercise.

Implementation involves behavioral work between ses-
sions, with patients actively practicing agreed-upon strate-
gies and monitoring their experience. A crucial distinction 
is made between patients who genuinely attempt behavio-
ral change but encounter difficulty ("I try but I can't") and 
those who do not attempt change ("I don't try"). The former 

represents a normal therapeutic process requiring strategy 
refinement and continued support; the latter indicates in-
sufficient preparation and necessitates returning to earlier 
steps in the framework, particularly enhancing awareness 
of costs and strengthening the active patient’s engagement.

For formal, structured excessive exercise, strategies in-
clude detailed real-time self-monitoring that captures con-
text, cognitions, emotions, and consequences; identifica-
tion of high-risk situations and triggers; development and 
rehearsal of alternative activities; and exposure with re-
sponse prevention, gradually reducing exercise frequency, 
duration, or intensity while practicing tolerance of asso-
ciated distress. For covert micro-movements, interventions 
require more intensive real-time monitoring due to their 
pervasive and often automatic nature, alongside the culti-
vation of moment-to-moment awareness, and the imple-
mentation of graduated behavioral experiments to practice 
alternative behaviors in specific situations.

Weekly review meetings with the treatment team and 
the patient (referred to as “round table” to emphasize their 
collaborative nature) provide a systematic review of exces-
sive exercise management. These meetings ensure coordi-
nation between psychological and physical rehabilitation 
interventions and allow for rapid adjustment of strategies 
based on patient progress. This collaborative approach is 
essential, as excessive exercise management cannot occur 
in isolation from the broader treatment program.

Phase 1: Supervised Foundation

Phase 1 initiates when patients achieve medical stabili-
ty (typically BMI >15 kg/m²) and demonstrate adequate 
control of excessive exercise patterns or commitment to 
managing them within the treatment framework. Physical 
activity occurs once weekly in supervised group sessions 
lasting 30 minutes, held in neutral environments without 
mirrors to minimize body-checking behaviors and bo-
dy-comparison processes.

Exercise selection emphasizes functional movements 
with low performance emphasis, specifically chosen to fa-
cilitate psychological exploration rather than fitness deve-
lopment. The functional focus challenges patients' typical 
preoccupation with exercise outcomes (calories burned, 
muscle appearance, performance standards) by redirecting 
attention toward movement quality, bodily sensations, and 
internal experience.

Real-time monitoring of thoughts, emotions, impulses, 
and bodily sensations is a core intervention strategy, syste-
matically implemented throughout sessions [43]. Patien-
ts learn to notice and verbalize their internal experience 
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during physical activity, developing metacognitive aware-
ness of how exercise triggers or maintains eating disorder 
cognitions. This monitoring serves multiple functions: 
enhancing interoceptive awareness, identifying automatic 
thoughts and dysfunctional beliefs activated by exercise, 
and providing opportunities for cognitive restructuring in 
the moment.

Systematic verbal interventions target specific psycholo-
gical mechanisms maintaining the eating disorder. These 
interventions, implemented throughout the session, ad-
dress processes including rigid rule-following, perfectio-
nism, body-checking and body-comparison behaviors, 
difficulty tolerating uncertainty, and emotional regulation 
deficits. A comprehensive taxonomy of verbal interven-
tions (Table 1) maps each intervention type to targeted 
psychological mechanisms and underlying CBT-E ratio-
nale, ensuring theoretical coherence between physical and 
psychological treatment components.

The session structure incorporates specific elements 
designed to challenge maintaining processes. The warm-
up deliberately provides vague instructions regarding du-
ration and intensity, exposing patients' needs for precise 
rules and control while creating opportunities to practi-

ce flexibility and tolerance of ambiguity. The first exercise 
segment emphasizes open kinetic chain exercises (move-
ments with free-moving distal segments), unilateral mo-
vements, and intentionally unbalanced durations between 
body sides (Table 2). These choices challenge compulsive 
counting, need for symmetry, and difficulty stopping acti-
vity, directly addressing maintaining mechanisms identi-
fied in the personal CBT-E formulation.

The second exercise segment introduces closed kinetic 
chain exercises (movements with fixed distal segments). It 
incorporates fatigue regulation challenges, requiring pa-
tients to adjust intensity based on subjective experience ra-
ther than predetermined rules. Exercise selection near ses-
sion end based on patient preference provides practice in 
autonomous decision-making regarding physical activity, 
challenges external regulation, and promotes internalized, 
flexible activity engagement.

Phase 2: Enhanced Exposure

Phase 2 adds a second weekly online group session, increa-
sing total supervised activity to 2 sessions per week. Tran-
sition to Phase 2 occurs when patients demonstrate active 
engagement in addressing excessive exercise outside reha-

Psychological 
Mechanism

Intervention Type CBT-E Rationale Example Application

Rigid rule-following Flexible instruction 
provision

Challenge dichotomous 
thinking and need for 
precise rules

"Choose a duration that feels appropriate 
rather than counting exact repetitions"

Perfectionism Performance de-
emphasis

Reduce evaluation-
based self-worth and 
outcome focus

"Focus on how the movement feels rather 
than how well you're performing it"

Body checking Attention redirection Interrupt checking 
behaviors and 
comparative processes

"Notice if you're looking at your body in the 
mirror or comparing yourself to others. Can 
you redirect attention to the sensations in your 
muscles?"

Difficulty tolerating 
uncertainty

Ambiguous instructions Develop tolerance for 
unknown outcomes and 
uncontrolled situations

"We'll finish this exercise when the group 
seems ready rather than at a predetermined 
time"

External regulation Choice provision Develop autonomous 
decision-making and 
internal regulation

"Which exercise feels right for you now?"

Emotional regulation 
deficits

Emotion labeling Enhance emotional 
awareness and develop 
alternative coping

"What emotions are you noticing as we do 
this exercise? Can you name them without 
judging them?"

Compulsive symmetry Unbalanced durations Challenge rigidity 
and need for perfect 
symmetry

"Let's do 30 seconds on the right side and 
45 seconds on the left, noticing any urges to 
balance them"

Table 1. Taxonomy of Systematic Verbal Interventions During Physical Activity Sessions
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bilitation sessions, good compliance with Phase 1 require-
ments (particularly punctuality, regular attendance), and 
systematic use of the monitoring record during sessions. 
This phase introduces enhanced exposure across multiple 
dimensions.

Supervision decreases deliberately, requiring greater pa-
tient autonomy and self-regulation. Visual body exposure 
increases progressively because, beyond observing the trai-
ner’s body moving in the video, patients also see their own 
whole body in motion during the exercises—whether this 
takes place in a ward room rather than a dedicated gym spa-
ce, or, for day-hospital patients, at home. These exposures 
directly target body image avoidance and checking beha-
viors, core maintaining mechanisms in eating disorders.

Language transitions from functional, neutral termi-
nology to fitness- and body-focused language, providing 
graduated exposure to triggering exercise-related stimu-
li. Patients practice maintaining adaptive cognitive and 
emotional regulation while engaging with fitness culture 
messaging, preparing for real-world exercise environments 
saturated with appearance-focused content.

Patients develop skills in autonomous regulation of phy-
sical activity within increasingly stimulus-rich environ-
ments. The online format introduces additional challenges, 
including reduced immediate supervision, technology-me-
diated communication requiring greater verbal expression 
of internal states, and home environment triggers. This 
format prepares patients for continuing physical activity 
following discharge, when direct supervision will be una-
vailable.

Phase 3: Autonomous Integration
Phase 3, offered to patients demonstrating adequate 
psychological engagement and self-regulation capacity, 
rigorous compliance with Phase 1 and 2 procedures, ces-
sation of excessive exercise, and elimination of excessive 
exercise as a maintaining mechanism (with corresponding 
update of the personalized formulation), permits up to 
three weekly self-directed sessions in the hospital fitness 
center. This represents maximal exposure, placing patients 
in environments rich with eating disorder triggers: mir-
rors enabling continuous body checking, aesthetic-focu-
sed equipment and environments, a performance-oriented 
atmosphere, and cultural norms emphasizing appearan-
ce-based exercise motivations.

Patients select exercise type, intensity, and duration 
autonomously within shared health-focused guidelines, 
practicing self-directed physical activity. The physiothera-
pist remains present to supervise sessions and collaborati-
vely help patients identify the most appropriate exercises. 
The emphasis shifts explicitly toward selecting exercises 
based on functional relevance and personal values rather 
than aesthetic goals. Patients identify movements and acti-
vities contributing to valued life activities—such as enga-
ging in recreational sports and maintaining mobility for 
daily activities—rather than body modification.

When feasible, outdoor activities are incorporated, in-
cluding team games, circuit training, dance, and online vi-
deo-guided exercise. These activities introduce additional 
exposure elements: social comparison and observation by 
others, unpredictable and uncontrollable conditions, colla-

Phase Kinetic Chain Body Region Position Exercise Examples Therapeutic Rationale

1 Open Upper body Standing Arm raises, lateral raises, 
punches

Challenge counting compulsions 
through unilateral work

1 Open Lower body Standing Leg raises, hip abduction Expose asymmetry tolerance through 
unbalanced durations

1 Closed Lower body Standing Squats, lunges Practice fatigue regulation and 
stopping ability

1 Closed Upper body Floor Modified push-ups, planks Challenge perfectionism through 
performance variability

2 Closed Full body Standing Step-ups, wall sits Develop autonomous intensity 
regulation

2 Open/Closed Full body Variable Patient-selected exercises Practice autonomous decision-making

3 Variable Variable Variable Self-directed based on 
functional goals

Integration of all learned skills in 
autonomous context

Table 2. Exercise Selection by Phase and Kinetic Chain Type
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borative rather than competitive engagement, and joy-fo-
cused rather than outcome-focused experiences. The di-
versity of activities challenges the rigid, repetitive exercise 
patterns typical in eating disorders, promoting flexibility 
and experimentation.

Throughout Phase 3, patients continue real-time sel-
f-monitoring and apply cognitive behavior skills developed 
in earlier phases. The reduced supervision tests patients' 
capacity for independent management of exercise-related 
cognitions and emotions, providing essential practice for 
post-discharge maintenance. Patients demonstrating dif-
ficulty maintaining adaptive regulation return to Phase 2 
for additional supported practice before attempting auto-
nomous exercise again.

Integration with Individual CBT-E

Physical rehabilitation integrates continuously with in-
dividual CBT-E sessions through multiple mechanisms. 
Exercise-related cognitions and behaviors identified du-
ring physical activity sessions become explicit agenda 
items during the weekly round table. Patients' personalized 
formulations incorporate exercise patterns and physical 
activity-related psychopathology as maintaining factors 
[44]. Behavioral tasks designed in individual psychologi-
cal sessions may be implemented during physical activity 
sessions, providing ecologically valid contexts for testing 
predictions and developing alternative perspectives.

Weekly team meetings ensure coordination between 
physiotherapists and psychotherapists, enabling real-time 
adjustments to physical and psychological interventions 
based on patient progress and emerging needs. This col-
laborative structure is essential for maintaining theoreti-
cal coherence across treatment modalities and preventing 
contradictory messages or approaches.

Discussion

The integration of physical rehabilitation within a CBT-E 
framework [10,11] aims to address a long-standing gap in 
eating disorder treatment: the systematic management of 
physical activity and restoration of functional capacity wi-
thin an evidence-based psychological model. By training 
physiotherapists in CBT-E principles and embedding phy-
sical rehabilitation within individual formulation [44], the 
approach achieves theoretical coherence beyond the paral-
lel delivery of separate interventions. Real-time cognitive 
and emotional monitoring during exercise [43] allows di-
rect targeting of maintaining mechanisms, while gradua-
ted exposure to movement, bodily sensations, and loss of 

control parallels established exposure-based treatments 
[45] and promotes autonomous regulation.

A key strength of the model lies in its early and structu-
red management of excessive exercise [2,27,28]. Rather than 
delaying physical rehabilitation until excessive exercise is 
fully resolved, supervised activity provides a health-orien-
ted alternative to unsupervised exercise and a live context 
for skill acquisition and generalization. This CBT-structu-
red approach [41,42] offers a potentially transferable fra-
mework for addressing excessive exercise, a behavior often 
insufficiently targeted in standard treatment.

Despite these conceptual strengths, the model remains 
preliminary. No empirical outcome data currently exist, and 
the described procedures reflect clinical practice rather than 
a validated intervention. Rigorous comparative effectiveness 
studies, including randomized controlled trials, are a prio-
rity to determine whether the integrated approach produces 
superior outcomes compared with non–CBT-E–based reha-
bilitation, guideline-driven risk management [5,35,36,37], 
or standard treatment. Evaluation should extend beyond 
weight and psychopathology to include physical functio-
ning, body image, quality of life, treatment retention, and 
long-term regulation of physical activity.

Several methodological limitations warrant considera-
tion. Functional assessment tools such as SUSS and hand 
grip strength testing [39,40] lack psychometric validation 
in eating disorder populations, particularly among adole-
scents, and sensitivity to treatment-related change remains 
unknown. The absence of validated adolescent-specific 
functional assessments represents a critical gap. Future 
research should focus on tool validation, optimization of 
clinical cut-offs, and development of age-specific norms, 
alongside investigation of objective biomarkers of physical 
adaptation to complement subjective measures.

Generalizability is another critical concern. The model 
has been implemented in a highly specialized inpatient 
setting with extensive resources, prolonged treatment du-
ration, and highly trained staff. Adaptation to outpatient 
contexts, athletic populations [46], patients with signifi-
cant comorbidities, and diverse cultural settings requires 
systematic development and evaluation. Mechanism-focu-
sed research is also needed to clarify the roles of interocep-
tive awareness [47], real-time cognitive monitoring [43], 
in-exercise verbal interventions, and graduated exposure 
[45] in driving change.

Several avenues may further enhance the model. The 
integration of structured psychoeducational modules [32], 
brief individual physiotherapy sessions, wearable activity 
monitoring, and a comprehensive fitness assessment [48], 
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interpreted within a CBT-E formulation [44], appears par-
ticularly promising. Preliminary clinical experience sug-
gests that psychologically informed feedback on objective 
fitness data [23,24,48] may powerfully challenge distorted 
exercise beliefs and enhance motivation for change.

Overall, CBT-E–integrated physical rehabilitation re-
presents a theoretically coherent and clinically promising 
approach. However, its clinical utility, scalability, and com-
parative effectiveness remain to be established through sy-
stematic empirical investigation.
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Appendix: Exercise Descriptions

The following descriptions detail the execution of exercises 
referenced in Table 2. Exercises are organized by kinetic 
chain type (open vs. closed), body region, and position.

Open Kinetic Chain Exercises - Lower Limbs

Supine Single-Leg Hip Flexions
Execution: The patient lies supine with one leg flexed (foot 
on the floor) and the other leg extended with knee straight 
and foot in dorsiflexion. The exercise consists of repeatedly 
flexing and extending the hip of the extended leg to ap-
proximately 90° of flexion, maintaining pelvic stability and 
a regular rhythm. Execute with one limb at a time (first 
right, then left).
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Seated Single-Leg Hip-Knee Extension Combo
Execution:  The patient sits on the edge of a chair with upri-
ght trunk and without leaning against the backrest, feet on 
the floor. Lift one knee toward the chest (hip flexion) as far 
as comfortable while maintaining stable pelvis; from this 
position, extend the knee of the same limb, bringing the leg 
forward with foot in dorsiflexion and holding the position 
for 3-5 seconds. Then flex the knee again (returning the 
thigh toward the chest) and return the foot to the floor. The 
trunk remains still with active core engagement. Execute 
all repetitions with one leg (right) then with the other (left).

Standing Single-Leg Hip Abductions
Execution: The patient stands with one hand supported on 
a wall or chair back for balance. Maintains weight on the 
support foot and raises the other leg laterally with knee ex-
tended and foot relaxed, without tilting the trunk. Returns 
to neutral position and repeats. Work one limb at a time 
(series on the right leg, then on the left).

Open Kinetic Chain Exercises - Upper Limbs

Supine Single-Arm Shoulder Flexions
Execution: The patient lies supine with both arms along 
the sides. Slowly raises one arm in flexion overhead as far 
as comfortable, maintaining the elbow extended, then re-
turns the arm along the side. The trunk remains relaxed 
and stable. Execute multiple repetitions with the same 
limb then switch to the other.

Seated Single-Arm Shoulder Abductions
Execution: The patient sits with upright trunk and arms 
along the sides. Raises one arm laterally (abduction) to 
shoulder height or slightly beyond, maintaining the elbow 
slightly flexed and shoulder relaxed, then returns. Work 
one limb at a time, maintaining control of movement and 
respiratory rhythm.

Standing Single-Arm Reverse Flys with Forward Trunk Lean
Execution: The patient stands with feet hip-width apart, 
trunk flexed forward with neutral spine and active core. 
From this position, raises one arm outward and slightly 
backward with elbow slightly flexed to shoulder height, brin-
ging the scapula toward the spine; holds for 1-2 seconds, then 
slowly lowers the arm without rotating the torso. Executes 
all repetitions with one limb then with the other. To increase 
difficulty, can slow the lifting phase and isometric hold.

Open Kinetic Chain Exercises - Trunk Muscles

Supine Dead Bug
Execution: The patient lies supine with hips and knees 
flexed to 90°, arms extended upward. From this position, 

slowly extends one leg toward the floor and simultaneou-
sly brings the contralateral arm overhead, maintaining the 
lumbar spine adherent to the floor; then returns to center 
and alternates sides. The movement is alternated and con-
trolled, with global engagement of trunk and limbs.

Seated Trunk Rotations with Opposite Knee-Elbow Touch
Execution: The patient sits with upright trunk and feet on 
the floor. Places hands behind the head or crossed on the 
chest and, maintaining stable pelvis, flexes and rotates the 
trunk to bring the elbow toward a knee, which lifts slightly 
toward the torso; then returns and repeats toward the op-
posite side. Alternate sides with regular rhythm.

Standing Marching with Opposite Hand-Knee Touch
Execution: The patient stands with feet hip-width apart. 
Executes marching in place by alternately raising the kne-
es; with each step, brings the opposite hand to touch the 
rising knee, maintaining upright and stable trunk. The 
movement is rhythmic and coordinated, with engagement 
of lower limbs, upper limbs, and core control.

Closed Kinetic Chain Exercises - Lower Limbs

Supine Bilateral Glute Bridge
Execution: The patient lies supine with knees flexed and 
feet on the floor, hip-width apart. From this position, li-
fts the pelvis toward the ceiling, creating a straight line 
from knees to shoulders, holds for 3-5 seconds, then slowly 
lowers the pelvis. The movement is controlled, with atten-
tion to posterior pelvic tilt and glute activation.

Seated Single-Leg Foot Slides
Execution: The patient sits on the edge of a chair with upri-
ght trunk and both feet on the floor. Slowly slides one foot 
forward, extending the knee as far as comfortable while 
maintaining the heel in contact with the floor and stable 
trunk; holds for 3-5 seconds in maximum extension, then 
slowly returns without losing foot-floor contact. To increa-
se difficulty, can slightly lift the other foot in the final repe-
titions. Then repeat with the contralateral limb.

Standing Single-Leg Knee Extensions
Execution: The patient stands with hands supported on 
a stable surface for balance. Lifts one leg so the thigh is 
approximately horizontal, then extends the knee, brin-
ging the lower leg forward with foot in dorsiflexion; holds 
briefly and returns to the starting position without tilting. 
The other leg remains extended with active glutes and core. 
Execute multiple repetitions with one leg at a time (first a 
series with the right, then with the left).
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Closed Kinetic Chain Exercises - Upper Limbs

Prone Push-Ups with Knee Support
Execution: The patient lies prone with hands on the floor 
under the shoulders and knees on the floor. From this po-
sition, extends the elbows pushing the body upward as a 
block (from knees to shoulders), then flexes the elbows re-
turning in a controlled manner toward the floor. The load 
is shared by both upper limbs. Adjust the range of motion 
based on strength and any pain.

Seated Arm Press-Ups (Pelvis Lifts)
Execution: The patient sits on a stable chair with hands on 
the seat edges next to the hips. Maintaining feet on the flo-
or, extends the elbows pushing down with the hands to sli-
ghtly lift the pelvis from the seat, holding for 1-2 seconds, 
then slowly returns to the starting position. The trunk re-
mains stable; the exercise is executed symmetrically with 
both upper limbs.

Standing Wall Push-Ups
Execution: The patient stands facing a wall with feet slight-
ly back and hands on the wall at chest height. Flexes the el-
bows bringing the body toward the wall while maintaining 
the body aligned, then extends the elbows pushing away 
from the wall. Symmetrical work of both upper limbs with 
control of movement and scapula.

Closed Kinetic Chain Exercises - Trunk Muscles

Side Plank on Forearm and Knees
Execution: The patient lies on their side with support on 
the lower forearm and flexed knees. From this position, li-
fts the pelvis from the floor creating a straight line between 
knees, hips, and shoulders, holds for several seconds, and 
slowly returns. Executes a series on one side then repeats 
on the opposite side. Global work on trunk, shoulder gird-
le, and pelvic girdle in closed chain.

Seated Weight Transfers
Execution: The patient sits on a chair with feet well suppor-
ted on the floor and hands on the seat edges or armrests. 
Pushes simultaneously with feet and hands against their 
respective supports to partially lift the pelvis and lighten 
the load from the chair, maintaining aligned trunk, then 
slowly returns to sitting. Global exercise with engagement 
of upper limbs, lower limbs, and core.

Bodyweight Squats with Arms Forward
Execution: The patient stands with feet shoulder-width 
apart and arms extended forward. Simultaneously flexes 
hips and knees, bringing the pelvis back as if to sit, main-
taining weight distributed on the feet, knees aligned with 
feet, and trunk slightly inclined but aligned; then extends 
hips and knees to return to standing. Global closed-chain 
movement engaging lower limbs and trunk control.
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