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Abstract

Background: Chronic musculoskeletal pain, particularly in patients with obesity, poses significant challenges due to increased
pain sensitivity, reduced mobility, and systemic inflammation. Obesity aggravates mechanical constraints on the joints and
increases systemic inflammation, exacerbating certain medical conditions and making conventional therapeutic approaches less
likely to succeed. Conventional therapies often show limited efficacy, necessitating innovative approaches.

Objective: This pilot study evaluated the short-term effectiveness of a mindfulness and motor imagery-based intervention
delivered via an app (SAS YUZIT), on the pain, functionality, and quality of life of patients with obesity and chronic knee
pain.

Methods: A prospective, single-center study was conducted over 1 month by including 30 patients (BMI >30 kg/m?)
experiencing chronic knee pain (=3 months) who did not need surgery. Patients underwent two video-guided motor imagery
sessions, focusing on neuromuscular reactivation. Functional scores, including the Single Assessment Numeric Evaluation
(SANE) score, Knee Injury and Osteoarthritis Outcome Score (KOOS), and 36-Item Short Form Health Survey (SF-36) score,
were assessed before and after intervention. Paired ¢ tests were used to analyze score improvements, with P<.05 deemed
significant.

Results: Significant improvements were observed across all parameters. The mean overall SANE score improved by 51%
(P<.001). The minimal clinically important difference was therefore approximately 6.7 points. The observed mean improve-
ment (25 points) exceeded this threshold by more than threefold, indicating a clinically meaningful improvement in functional
status. The mean (SD) KOOS score increased by 56% (P<.001) from 40.89 (16.7) to 63.79 (14.6). The mean (SD) SF-36
scores showed substantial enhancements in both physical (from 39.7 [20.8] to 65.9 [18.8]; +66%; P<.001) and mental
components (from 47.2 [23.1] to 64 [21]; +36%; P<.001). Patient satisfaction with this method was rated 4.5/5, and no adverse
effects were reported.

Conclusions: Video-guided motor imagery demonstrated significant efficacy in reducing pain and improving the functionality
and quality of life of patients with obesity and chronic knee pain. By targeting central neuromuscular circuits through guided
visualization exercises, this non-invasive intervention addresses central activation dysfunction, a proposed novel concept in
neuromuscular disorders that originates from hypotheses derived from clinical observations. This interesting concept requires
further exploration to ensure its neurophysiological validation through future studies with larger sample sizes, control groups,
and long-term follow-ups, all of which could explore CAD as a therapeutic target.

JMIR Form Res 2026;10:¢82270; doi: 10.2196/82270

https://formative jmir.org/2026/1/e82270 JMIR Form Res 2026 | vol. 10 182270 I p. 1
(page number not for citation purposes)


https://doi.org/10.2196/82270
https://formative.jmir.org/2026/1/e82270

JMIR FORMATIVE RESEARCH

Murgier et al

Keywords: obesity; knee pain; motor imagery; central neuromuscular reactivation; digital mindfulness

Introduction

Chronic musculoskeletal pain poses a major limiting factor to
functional capacity and can negatively impact quality of life,
particularly in patients with obesity (BMI >30 kg/m?) [1,2].
A higher BMI is associated with increased pain sensitivity,
reduced mobility, and multiple comorbidities that compli-
cate management paradigms. Obesity aggravates mechanical
constraints on the joints and increases systemic inflamma-
tion, exacerbating certain medical conditions and making
conventional therapeutic approaches less likely to succeed
[3-5]. The impact on the knee joint is particularly significant,
and it is well demonstrated that being overweight is a risk
factor for chronic knee pain and even degenerative progres-
sion [6-8]. Chronic musculoskeletal pain carries a significant
physical burden on patients but also represents a significant
overall cost to society [3].

Traditional methods, such as drug treatments, weight
loss, and regular physical practices, show limitations in this
population [9,10] due to the increased risk of complications,
subtherapeutic responses, and significant financial costs [8,9].
Chronic pain impacts all areas of the patient’s life and often
leads to global societal, personal, and professional complica-
tions [11,12]. Resolving this problem is therefore a public
health issue.

Therapeutic approaches do not always take into account
the central impact that pain has on the patient’s overall motor
control [11,13], particularly in patients with obesity who have
more difficulties with postural or neuromotor performance
[14]. Modern therapies target central rehabilitation aimed at
using brain neuroplasticity to improve patient conditions [15-
17]. Emerging digital rehabilitation tools are now available
to patients, such as augmented reality, various biofeedback
devices, mental imagery with low frequency sounds, or
smartphone apps [18].

This pilot study describes and evaluates a new method
for treating knee pain in patients with obesity to comple-
ment existing therapies. This innovative, non-invasive therapy
combines mindfulness and motor imagery [19]. This specific
form of guided motor imagery known as neuromuscular
reactivation (NMR) can be undertaken via an app. It consists
of NMR sessions, designed to activate central neuromuscular
circuits without requiring physical movement [20].

The gradual development of NMR occurred in response
to neuromuscular activation deficits after an ACL tear [21].
Scientific research has proven that these deficits are of central
origin and that it is potentially interesting to target this area
to improve patient outcomes [22]. Despite these advances,
there remains limited evidence regarding the clinical efficacy
of app-based neuromotor interventions in cohorts of patients
with obesity.

This pilot study aimed to evaluate the short-term effective-
ness (1 month) of NMR on perceived pain, functionality,
and quality of life of patients with obesity and chronic knee
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pain. The primary objective was to evaluate the method’s
impact on pain (Single Assessment Numeric Evaluation;
SANE) and quality of life (36-Item Short Form Survey;
SF-36) scores at a minimum 1-month follow-up. Secon-
dary objectives were to explore improvements in objective
functional scores (patient-reported outcome measures) and to
assess patient satisfaction after the intervention. We hypothe-
sized that a standardized motor imagery-based intervention
would significantly improve the different clinical parameters
in a patient group at high risk of chronicity.

Methods

Study Design

This was a prospective, observational, monocentric,
continuous study conducted over a l-month period at a
medical center with consecutive patient inclusions. The
inclusion criteria were as follows: patients had to have a
BMI greater than 30 kg/m?, be of legal age, and present with
chronic knee pain (>3 months) with a magnetic resonance
imaging scan showing no need for surgery. Patients were
recruited in clinics from January 2025 to March 2025.

Data were collected by the practitioner during the
consultations through the use of single-blinded question-
naires. The standardized forms used were intended to reduce
collection bias. During the initial assessment, complete
demographic data were collected, as well as the follow-
ing functional scores: the SANE score (global and for the
painful limb), the SF-36 score, the KOOS score, and patient
satisfaction.

The intervention consisted of two video-guided motor
imagery sessions, delivered via an app (Yuzit), 3 weeks
apart. Patients were guided to visualize specific movements
by associating them with optimal muscle sensations, without
performing any physical movement per se.

Session Description

The sessions were conducted in a quiet room, where each
patient was seated alone with a digital tablet. They would
then launch the first video, lasting 53 minutes, designed to
guide a structured session of motor imagery.

This video followed a precise sequence: It starts with an
explanation of the session’s progression (1 min), followed by
a mindfulness phase (3 min 20 s). Then, for each exercise, a
visual demonstration of the movement is given, followed by
guided visualization, with eyes closed, focusing on internal
muscle sensations, without any physical execution.

The first session included 12 exercises, performed
with bilateral visualization, following the same educational
structure. The movements demonstrated in the video were
as follows: (1) hip extension, leg straight, in a supine
position; (2) hip flexion, in a prone position; (3) locking
against resistance (pressure applied to the plantar aspect of
the foot) in triple flexion, lying on the back; (4) dorsal
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and plantar flexion of the foot, lying on the back; (5) fist
squeezing (clenched fist under the knee), lying on the back;
(6) abduction/adduction of a straight leg, lying on the back;
(7) knee extension, in a seated position; (8) unipedal stance
(balance on one leg); (9) rising onto tiptoes with locking in
a unipedal stance; (10) unipedal squat; (11 )“schuss”, that is,
shifting body weight to one leg in semi-flexion; (12) sitting
down on a chair.

The second shorter session (approximately 30 min),
focused on the painful side (or bilateral in cases of bilat-
eral pain), following the same structure (visual understanding
followed by visualization). It included 6 unilateral exercises:
(1) leg raise with the leg straight, lying on the back; (2) triple
flexion, lying on the back; (3) knee flexion, lying on the
stomach; (4) standing position on both feet, then on one foot
(unipedal stance); (5) going up and down stairs; (6) sitting
position.

The same functional scores were collected 1 month after
the last session during a follow-up visit, in addition to the
quality scores. All patients completed the exercises with
practitioner oversight intermittently throughout the duration
of the two video sessions.

The Standards for Reporting Qualitative Research was
followed to write this paper.

Ethical Considerations

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. Ethical approval

Table 1. Clinical and demographic characteristics (N=30).
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was obtained from the French ethics committee of Saint-Eti-
enne (approval number 2025-A01476-43). Where applicable,
informed consent was obtained from all participants prior
to their inclusion in the study. Data were anonymized and
de-identified to ensure confidentiality of all participants. No
compensation was provided to any participant.

Statistical Analysis

Continuous variables were described using means, SDs,
and ranges. The normality of changes before and after the
intervention was assessed using the Shapiro—Wilk test. Data
were analyzed using paired one-tailed ¢ tests to compare
pre- and post-intervention scores. A significance threshold of
P<.05 was used. The minimal clinically important difference
was estimated using a distribution-based method, calculated
as 0.5 x SD of the change scores. The SD of change was
computed from baseline and follow-up SDs, assuming a pre—
post correlation coefficient (r) of 0.7, in accordance with
common practice for functional outcome measures.

Results

Patient Characteristics

A total of 30 patients were included in the study. Their
clinical and demographic characteristics are described in
Table 1.

Characteristic Value
Age, years

Mean (SD) 484 (12.7)

Range 22-75
Weight, kg

Mean (SD) 929 (16.8)

Range 68-110
Height, cm

Mean (SD) 168 (11.3)

Range 150-190
BMI, kgm?

Mean (SD) 33.1(3)

Range 30.1-42.2
Sex, n (%)

Male 12 (40)

Female 18 (60)

Changes in Functional and Qualitative
Scores

The mean (SD) overall SANE score was 49 (18.4) before
the intervention versus 74 (14.3) after 1 month. The mean
improvement was 51% (P<.001). The mean (SD) SANE
score for painful limbs before surgery was 41.9 (19.6) versus
71.16 (15.2) after 1 month. The mean improvement was
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+69% (P<.001). Based on a distribution-based approach, the
SD of change scores was estimated using an assumed pre—
post correlation of 0.7, yielding an SD of 13.3. The minimal
clinically important difference was therefore approximately
6.7 points.The observed mean improvement (25 points)
exceeded this threshold by more than threefold, indicating a
clinically meaningful improvement in functional status.
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The mean (SD) KOOS score before surgery was 40.89
(16.7) versus 63.79 (14.6) after 1 month, with a mean
improvement of +56% (P<.001). The SF-36 quality of life
score showed a significant mean (SD) improvement of +66%
in the physical component (P<.001), increasing from 39.7
(20.8) to 65.9 (18.8). The mental component of the score
also significantly improved, increasing from 47.2 (23.1) to

Table 2. Changes in functional and qualitative scores.
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64 (21), representing an improvement of +36% (P<.001), as
shown in Table 2.

The mean satisfaction score assigned by patients to the
method was 4.5/5. It should be noted that no side effects were
found in this study.

Score before intervention (out of 100)

Score after intervention (out of 100) Improvement (%)

SANE? (global) 49

SANE (affected knee) 419
KOOSP/HAGOS® 409
SF-36 PCS4 39.7
SF-36 MCS 472

74 +51
71.1 +69
63.8 +56
65.9 +66
64 +36

4SANE: Single Assessment Numeric Evaluation.
PK0O0S: Knee Injury and Osteoarthritis Outcome Score.
“HAGOS: Copenhagen Hip and Groin Outcome Score.

dSF-36 PCS: 36-Item Short Form Health Survey Physical Health Component.
®SF-36 MCS: 36-Item Short Form Health Survey Mental Health Component.

Discussion

Principal Findings and Comparison With
Previous Works

The hypothesis of this study was confirmed. The results show
significant improvements in pain, functionality, and quality
of life scores after an intervention based on mindfulness and
motor imagery via an app. This method, by targeting central
neuromuscular circuits, represents an innovative, non-inva-
sive approach suited to complex population, such as patients
with obesity and chronic knee pain.

To our knowledge, there is no literature addressing the
problem of chronic knee pain in patients with obesity using
alternative treatments targeting the central origin of these
symptoms and relying on cerebral neuroplasticity [23]. This
central pathophysiology has been partly explained by the
analysis of anterior cruciate ligament trauma.

Knee trauma causes a neuromodulatory reflex loop that
reduces quadriceps activation capacities and increases that
of the hamstrings [24]. The resulting corticomotor deficits
have been explored by several authors [25-27] who investi-
gated corticomotor excitability, corticospinal reflex excita-
bility, motor unit sizes, and voluntary action in a series
of patients undergoing ACL surgery. Zunzarren et al [21]
found out that this inactivation induced by knee trauma
also affected the contralateral quadriceps, thus leading to
the hypothesis that changes in the neuromuscular response
involve phenomena that go beyond a simple corticomotor
reflex [28] and finds its origin in the cortex. Piskin et al
[29] confirmed this phenomenon and demonstrated that it
can affect both legs. These neuromotor consequences have
significant repercussions as patients experience a double
trauma (the injury and the reflex). A growing number of
studies [22,30] highlight the need for rehabilitation targeting
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central stimulation, using patients’ cerebral neuroplasticity
[31]. The objective is to restore the patient’s overall capacity
to recruit all the muscle fibers via a central action (through
global neuromuscular activation), before stimulating short
corticomotor circuits, and thus, obtain maximum efficiency
[32]. This complex phenomenon can affect any joints [22].
These findings are essential because they pave the way for
very significant changes in the management of knee injuries
and pain by integrating the notion of central neuromuscular
damage [30]. This has led doctors and physiotherapists to
formulate novel rehabilitation techniques, notably to mitigate
persistent muscular deficits.

To achieve optimal efficacy, it appears that a “central
disinhibition” is necessary. Other NMR therapies (stimulat-
ing the corticospinal stage) have recently emerged, notably
a technique using mental representation and proprioception
associated with low-frequency sounds, with promising results
[16,29]

In this study, the significant increase in the SANE score
(from 419 to 71.2) and the KOOS score (from 40.9 to
63.8) illustrates a significant reduction in perceived pain
and functional improvement. These results are particularly
encouraging given the limitations associated with obesity,
including greater pain intensity and a poorer response to
conventional interventions.

Improvements in the physical component of the SF-36
(+23.5 points) reflect a better perception of physical capacity,
while the increase in the mental component (+19.4 points)
reflects a reduction in the psychological impact. These
results highlight the importance of considering neuro-cerebral
dimensions in the management of musculoskeletal pain.

JMIR Form Res 2026 | vol. 10 182270 | p. 4
(page number not for citation purposes)


https://formative.jmir.org/2026/1/e82270

JMIR FORMATIVE RESEARCH

The Potential Role of Central Activation
Dysfunction

Overview

One of the major lessons learned from this study is the
validation that muscle activation disorders are not exclusively
related to peripheral mechanisms but also to central disor-
ders. This is the reason why the term “arthogrenic muscle
inhibition” [31], which is widely accepted as an explana-
tion for muscle deficits in post-traumatic or inflammatory
conditions, is insufficient to describe the whole phenomenon.

We introduce the concept of central activation dysfunc-
tion (CAD) to describe a central disruption of neuromuscular
circuits. Unlike arthogrenic muscle inhibition, which relies
on joint inhibitory reflexes, CAD involves an alteration of
central sensorimotor mechanisms. This phenomenon could be
explained by a disruption in the cortical representation of the
injured muscle, a functional disconnection between the motor
centers of the central nervous system and peripheral motor
neurons and a chronic negative conditioning, where persistent
pain permanently alters muscle perception.

These muscle activation disorders, which we group
together under the term CAD, are based on empirical
observations from clinical practice. Although this concept has
not yet been validated by in-depth neurophysiological studies,
it offers a coherent hypothesis to explain muscle activa-
tion deficits that don’t come with an obvious articular or
peripheral origin. We identified several possible mechanisms
contributing to these disorders, grouped into three categories:
physical trauma, consequences of surgical interventions, and
chronic pain and psychosocial factors.

Physical Trauma

Physical trauma like muscle injuries, whether intrinsic (eg,
tears) or extrinsic (eg, direct trauma such as heavy crutches),
or even some joint trauma, can lead to persistent muscle
activation deficits. In these cases, pain likely acts as a central
factor disrupting the connections between the brain and the
affected muscles.

Consequences of Surgical Interventions

Postoperative outcomes, although they address structural
pathologies, often leave unexplained functional sequelae.
These deficits, traditionally considered purely mechanical or
inflammatory, could also be due to a central activation defect.
This appears to be particularly common when pain persists in
the absence of identifiable mechanical complications.

Chronic Pain and Psychosocial Factors

In young patients with chronic pain, we have observed
that muscle activation deficits are rarely associated with
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identifiable structural abnormalities. These disorders could be
linked to several factors, including physical trauma (acute or
long-standing), with the associated pain potentially disrupt-
ing central control mechanisms; rapid growth requiring a
centralized reappropriation of the body, which is often
disrupted; and emotional issues such as depression, family
conflicts (eg, parental divorce), or psychological trauma.
These contexts directly influence the central nervous system,
contributing to functional deficits.

Our hypothesis is based on the idea that, in these situa-
tions, pain is not only a symptom but also a major disruptor of
central sensorimotor circuits. While this hypothesis remains
to be validated by further research, it appears rather logical.
By proposing the concept of CAD, we offer a new perspec-
tive to explain why some conventional approaches fail to
restore optimal muscle activation. This conceptual framework
also paves the way for specific interventions, such as motor
imagery.

Study Limitations

Although the results are promising, this preliminary study has
several limitations. First, the low number of patients included
in this paper (30 patients) can be seen as decreasing the
statistical power of the study; however, the differences found
in this study reached statistical significance. Given this is a
pilot study, we deemed this to be sufficient to allow prelimi-
nary findings to be made. Then, the short follow-up failed to
provide long-term data. The long-lasting effect of the method
has to be evaluated. Finally, a control group was missing to
improve the level of proof of this paper.

Conclusions

The results of this preliminary study suggest a mindfulness-
based method that could be effective in reducing chronic
pain and improving quality of life of patients with obesity.
By introducing the concept of CAD, this study opens new
perspectives for understanding and treating muscle activation
disorders. Given the preliminary nature of this study, the
broader implications of this research could identify other
patient groups who could benefit from this type of treatment.
These results warrant further research to refine protocols and
better integrate this approach into clinical practice. If adopted,
this could prove to be a cost-effective and non-invasive
method for rehabilitation. A randomized or sham-controlled
trial would be needed to draw conclusions about efficacy and
safety.
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