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Abstract: Limb-Girdle Muscular Dystrophy (LGMD) encompasses a group of rare genetic
muscle disorders characterized by progressive weakness and wasting of the proximal limb
muscles, mainly impacting the proximal limb-girdle musculature. The aim of the study was
to assess the effects of complex medical rehabilitation, including robotic exoskeleton training,
on muscle strength and functional independence in adult patients with LGMD. This case-
series study included 8 patients hospitalized for rehabilitation treatment. They received a
personalized training plan that included robot-assisted gait training, which was applied 3
times, at 6 months intervals, each rehabilitation session lasting 12 days. Functional
independence was assessed with the Barthel Index and Functional Independence Measure.
Baseline measurements were taken at the first admission to the hospital, second assessment
after 6 months, and the third assessment after 1 year. Our results revealed that robotic therapy
improved muscle strength and motor control, significantly improving hip flexion, bilaterally,
in adult LGMD patients. Speed change, body weight support, distance change, and duration
change showed important gains in seven out of the eight cases. Robotic-assisted training also
improved functional independence, but statistically non-significantly. Based on our results,
we consider that robotic devices have potential to be further used in rehabilitation of LGMD
patients..

Keywords: limb—girdle muscular dystrophy, medical rehabilitation, robotic exoskeletal de-
vices

1. Introduction

Limb-Girdle Muscular Dystrophy (LGMD) comprises a group of genetic muscle
disorders characterized by progressive weakness and wasting of the proximal limb
muscles, mainly impacting the proximal limb-girdle musculature. Additionally,
muscle contractures, scapular winging, and scoliosis can occur in certain forms of the
disease. The onset and progression of LGMD vary widely, with symptoms emerging
from early childhood to adulthood and advancing at different rates among individ-
uals [1].

LGMDs result from mutations in approximately 40 genes that encode proteins
essential for muscle function and integrity. These mutations disrupt normal muscle
physiology, leading to muscle fiber degeneration. The inheritance patterns of LGMDs
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are primarily autosomal recessive and autosomal dominant. The specific genetic mu-
tation often correlates with the disease subtype, inheritance pattern, and clinical
presentation [2].

The estimated prevalence for all forms of LGMD ranges from 1/44,000 to
1/123,000, but it can vary greatly between countries [3].

LGMDs are progressive disorders, with symmetrical weakness of the proximal
muscles. Patients may experience difficulty with rising from a seated position, climb-
ing stairs or lifting objects overhead. As the disease progresses, mobility may become
increasingly impaired, potentially leading to reliance on assistive devices or wheel-
chairs. The diagnosis requires a comprehensive approach that includes a detailed
clinical evaluation, family history and a series of diagnostic tests. Elevated serum cre-
atine kinase (CK) levels are commonly found, indicating muscle damage. Electromy-
ography can reveal myopathic changes, while muscle biopsy may show dystrophic
features and aid in identifying specific protein deficiencies. Magnetic resonance im-
aging of muscles can also provide valuable information regarding the pattern and
extent of muscle involvement, assisting in differential diagnosis. Genetic testing has
significantly enhanced diagnostic accuracy by enabling the identification of specific
gene mutations associated with different LGMD subtypes [4-6].

Currently, treatment focuses on managing symptoms and improving quality of
life. A multidisciplinary approach is essential, involving physical therapy to maintain
muscle strength and flexibility, occupational therapy to assist with daily activities,
and respiratory therapy when necessary. Orthopedic interventions may be required
to address contractures or scoliosis [7, 8].

Innovative rehabilitation technologies, such as the Lokomat robotic gait training
system and wearable exoskeletons, have shown promise in enhancing mobility and
functional independence in affected individuals. The Lokomat is a robotic-assisted
device that facilitates repetitive, task-specific gait training by guiding the patient's
legs on a treadmill, thereby promoting neuroplasticity and muscle re-education [9].
Studies have demonstrated that Lokomat training can improve walking speed, en-
durance, and overall gait performance in patients with neuromuscular disorders. In-
itially used in rehabilitation of patients with spinal cord injury and stroke, robotic
systems offer precise control and accurate support, guiding patients through correct
movement patterns and providing consistent training. They can be programmed and
adjusted to match a patient's specific abilities and progress, allowing for tailored and
adaptive exercises, and real-time monitoring of a patient's performance [10].

Exoskeleton training, particularly using HAL® (Hybrid Assistive Limb) exo-
skeletons in conjunction with treadmill therapy, shows promise as a safe and inno-
vative approach to improve walking, balance, and endurance in patients with LGMD.
While research specific to LGMD is ongoing, preliminary findings suggest that exo-
skeleton-assisted therapy can be repeated without adverse effects, leading to benefi-
cial and persistent improvements in functional mobility and enhance the quality of
life for patients with muscle weakness although further controlled clinical trials are
needed to confirm long-term effects and establish definitive outcomes. may—offer
funcHonalbenefits [10].

The aim of the study was to assess the effects of complex medical rehabilitation,
including robotic exoskeleton training, on muscle strength and functional independ-
ence in adult patients with LGMD.

2. Materials and Methods

2.1. Study Design and Participants

This case series study was conducted between January 01, 2023 and December
31, 2024, on all patients with muscular dystrophy admitted to the Medical Rehabili-
tation Clinical Hospital Bdile Felix, Romania. Patients were diagnosed through inter-
disciplinary consultation, based on clinical consultation, paraclinical and laboratory
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examinations, as well as genetic tests in some cases. All patients with muscular dys-
trophies were invited to participate in the study. Inclusion criteria were the following:
(1) patients diagnosed with limb-girdle muscular dystrophy; (2) age > 18 years; (3)
patients with motor deficit of hip and knee extensor and flexor muscle groups; (4)
without respiratory failure. Exclusion criteria were: (1) severe limitations of hip and
knee joints range of motion; (2) body weight >100 kg, (3) severe osteoporosis, (4) non-
consolidated fractures; (5) severe heart failure; (6) bedsores; (7) cognitive deficit; (8)
patients who could not be assessed 3 times. The flow diagram of patients selection is
presented in Figure 1.

All patients signed the informed consent and agreed to participate in the study.
The study was performed in accordance to the principles of the Declaration of Hel-
sinki and was approved by the Local Ethics Commission for Scientific Research of
the Medical Rehabilitation Clinical Hospital Baile Felix, Romania (no
1208716.10.2023).

Patients included in the study were hospitalized 3 times for rehabilitation treat-
ment, at 6-month intervals. They received a personalized training plan that was tai-
lored to meet the specific needs and capabilities of each case. Robotic therapy was
performed on all patients.

Baseline measurements were taken at the first admission in the hospital, second
assessment session was performed after 6 months and the 3rd assessment after 1 year,
following Lokomat therapy.
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% Excluded (other
LIEJ ) 7| muscular dystrophies)

Enrolled patients n=55

n=17 with LGMD
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o, therapy with Lokomat)
= =7
2 Lost to follow up G
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Figure 1. The workflow diagram of patients” selection.

2.2. Assessments

Patient baseline demographic characteristics and comorbidities were collected.

The Cumulative Illness Rating Scale (CIRS), a validated clinical tool to assess
and quantify chronic medical conditions, was used. This scale evaluates 14 body sys-
tems—including cardiac, vascular, respiratory, gastrointestinal, hepatic, renal, geni-
tourinary, musculoskeletal, neurological, psychiatric, endocrine/metabolic, and sen-
sory —rating each from 0 (no problem) to 4 (life-threatening or end organ failure). The
total score (0-56) reflects cumulative comorbidity, and the severity index (average
per system) indicates average illness severity [11-13].

Musculoskeletal evaluations—including assessments of active and passive
range of motion (ROM), muscle strength in the girdles and limbs, as well as stability
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and balance—were conducted both prior to and following the rehabilitation pro-
gram. ROM was measured using a universal goniometer, with bilateral assessments
of the shoulder, hip, and knee joints [14-18].

Muscle strength was evaluated through manual testing based on the Medical
Research Council (MRC) scale, which ranges from grade 5 (normal strength) to grade
0 (no muscle contraction). The total muscle strength was represented by the MRC-
sum score, calculated as the sum of all individual muscle grades [19-21].

Trunk stability and balance were assessed using specific evaluation tools, with
a positive result indicated by the patient leaning to one side.

Assessment of functional abilities, particularly activities of daily living (ADL)
were performed using the Barthel Index and Functional Independence Measure
(FIM). FIM is a standardized tool widely used in medical rehabilitation. It evaluates
a patient’s level of functional independence across 18 tasks grouped into two do-
mains—motor (13 items) and cognitive (5 items). Each item is rated on a 7-point scale
from 1 (total assistance) to7 (complete independence), the total score ranging from
18 (complete dependence) to 126 (complete independence). The motor subscale score
(the sum of the motor items) (MSS) ranges from 13 to 91. The cognition subscale score
(the sum of the cognition items) (CSS) ranges from 5 to 35. [22-24].

The Barthel Index is a validated scale used to assess a person’s ability to perform
ten basic activities of daily living (ADL), by rating each activity based on the level of
assistance required (0=complete dependence; total possible score=100). Higher
Barthel scores reveal greater independence. A Barthel score of 100 indicates complete
independence in performing daily activities [25-30].

The Functional Ambulation Category (FAC) is a simple measurement tool used
to classify walking ability. A six-point scale is used specifically focusing on the level
of physical support required. It categorizes walking ability from 0 (non-functional)
to 5 (independent) [31,32].

Assessments were performed by the same blinded assessor.

2.3. Medical Rehabilitation

The objectives of rehabilitation therapy were: (1) preserve muscle strength and
delay functional decline; (2) maintain mobility, prevent contractures, and support in-
dependence; (3) improve respiratory capacity and reduce fatigue; (4) enhance quality
of life (QoL) and psychological well-being.

The means and approaches used in this study were patient-focused. They in-
clude: (1) supervised resistance training; (2) respiratory physiotherapy; (3) range-of-
motion (ROM) and flexibility exercises; (4) energy conservation and pacing; (5) occu-
pational therapy; (6) assistive devices and orthoses; (7) technological and multidisci-
plinary enhancements.

The rehabilitation treatment was individualized, based on muscle strength, joint
mobility, balance, coordination, and gait. The rehabilitation treatment was complex
and was performed over 3 training sessions every 6 months. Each training session
lasted for 12 days. It included combined approaches: exercise therapy, robotic gait
training, occupational therapy, and massages.

2.3.1. Exercise Therapy

Exercise sessions were conducted twice daily for 30 minutes each, beginning
with muscle stretching and light toning exercises.

Passive limb mobilizations were gently performed within the joint's functional
range of motion. These movements aimed to preserve joint flexibility, relax the cap-
sulo-ligamentous structures, stimulate small muscle blood vessels and venous-lym-
phatic circulation, and help retain the kinesthetic awareness of the involved body
segments. Over time, therapy progressed from active-assisted mobilization to fully
active movements.

Transfer training was conducted using specific techniques to improve mobility.
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To build upper limb strength, isotonic resistance exercises involving active
movements were used. For the lower limbs, assisted active movements across the full
range of motion were introduced first, followed by manual resistance exercises and
isometric contractions to strengthen the pelvic girdle. Progressive resistance strength
training was done in both sitting and standing positions, targeting 1-3 muscle groups
per session, with 8-12 repetitions per group over a 2-minute period.

Coordination and balance training was supported by assistive devices such as
crutches, walking sticks, and walkers, as well as a Bobath ball. Gait retraining in-
cluded treadmill walking on both flat and inclined surfaces.

2.3.2. Occupational Therapy

The goals of occupational therapy included restoring active mobility, strength,
and coordination in both the upper and lower limbs; achieving the highest possible
level of functional independence in self-care activities; establishing a healthy balance
between rest, work, and leisure; improving performance in activities of daily living
(ADLs); and enhancing quality of life by adapting the home environment to the pa-
tient’s specific abilities. Sessions were conducted twice daily, each lasting 30 minutes.
Passive pedaling exercises for the upper and lower limbs were used to enhance sitting
balance. Gradual verticalization was introduced cautiously to prevent possible veg-
etative responses. Attendants were trained in proper techniques for assisting with
patient transfers and supporting the patient during ADLs.

2.3.3. Robotic-Assisted Gait Training

Robotic-assisted gait therapy was carried out using the Lokomat®Pro (Hocoma,

Switzerland), a device designed to deliver automated, intensive locomotor rehabili-
tation. The system guides patients through computer-controlled, physiologically ac-
curate walking patterns, while providing dynamic, adjustable body weight support.
[33,34].
The Lokomat®Pro features motorized, individually adjustable leg braces that assist
walking on a treadmill. It also includes a visual display for real-time feedback and
gait performance monitoring. Key training parameters—such as speed, range of mo-
tion, weight support, and guidance force—can be tailored to the specific needs of
each patient. The assessment tools used were L-FORCE (isometric force of flexion/ex-
tension muscle groups in hip and knee joints) and L-ROM (range of motion of flex-
ion/extension in hip and knee joints). The first session’s duration was 20 min, pro-
gressively increasing the time, reaching 30 minutes daily, and progressively increas-
ing the speed of movement.

2.3.4. Massage

Massage therapy was performed daily, for 20 minutes. With the aim of improv-
ing muscle relaxation, reducing muscle soreness, softening tender and trigger points,
and for a general sedative effect, the effleurage technique for the cervical, dorsal, and
lumbar spine was used. Limb massage was also performed in all cases, using two
basic strokes of massage, effleurage and petrissage, intending to improve circulation,
reduce edema and facilitate an increase of mobility of the joints and soft tissues [35-
37].

The contribution of rehabilitation therapy to regain functional autonomy was
assessed using the FIM gain, Barthel Index scores, and LOKOMAT parameters
(speed; body weight support; distance change; duration change; L-ROM; L-FORCE).
FIM, Barthel index and Lokomat parameters were documented at baseline (the first
day of hospital admission), after 6 months and after 1 year (at discharge from the
rehabilitation clinic), after completing the rehabilitation programs.



Balneo and PRM Research Journal 2025, 16, 3 60f17

2.4. Statistical Analysis

MedCalc statistical software version 22.005 (MedCalc Software Ltd, Ostend, Bel-
gium) was used to analyse our data. The Kolmogorov-Smirnov test was used to test
data for normality. They were presented as mean + SD. The non-parametric Mann-
Whitney test was used to ensure the validity of the results. Paired t-tests were per-
formed to identify the differences between results at first admission in the hospital
and discharge after 6 months and 1 year, respectively. A p-value < 0.05 was consid-
ered significant.

3. Results

A number of 72 patients were admitted to the Medical Rehabilitation Clinical
Hospital Baile Felix, Romania for medical rehabilitation after being diagnosed with
different types of muscular dystrophies. Out of all cases, eight patients with LGMD
(mean age 42 + 10.61 years; five males) met the eligibility criteria. Patients’ character-
istics are presented in Table 1.

Table 1. Patients' characteristics.

Age Onset age Comorbidities CIRS
(years) (years) score

Case Gender

Flaccid tetraparesis, predominantly
1 M 40 20 proximal 7
Secondary respiratory failure

Organic personality disorder
2 M 37 15 Bilateral congenital clubfoot, operated 7
Left radial head fracture, operated

Restrictive respiratory failure
Congestive heart failure NYHA II
Hypertension grade I with additional
high cardiovascular risk

Double thoracolumbar scoliosis
Lumbar disc herniation

Cervical polydiscopathy with right
disc herniation C5-C6 and paramedian
disc herniation C6-C7

Right scapulohumeral periarthritis

> M > 4 Chronic painful ischemic cardiopathy 10
Left ventricular failure NYHA II
Post-pulmonary  thromboembolism
status

6 F 30 17 Ch.ronic vertebrogenic lumbosacral »
pain aggravated
Spina bifida L5-S1 operated with
myelodyspasia

” F 51 15 Ch.ronic vertebrogenic lumbosacral 1
pain
Epilepsy
Obesity grade I

Restrictive respiratory failure
8 F 45 7 Post-immobilization osteoporosis 5
Right scapulohumeral periarthritis

Mean = Mean *
M +SD
ean*S$S SD SD
18.50 + 6.38 +
421061 11.05 3.11

CIRS - Cumulative Illness Rating Scale; FAC — Functional Ambulation Categories; SD -

standard deviation.



Balneo and PRM Research Journal 2025, 16, 3 7 of 17

Total FIM score as well as MSS subscore increased with each training session,
except for one patient. Barthel score also improved with training, with the same ex-
ception. FAC score slightly improved in 5 cases, did not change in 2 cases, and de-
creased in one case. FIM scores, MSS and CSS subscores, as well as Barthel and FAC
scores, are shown in Table 2.

Table 2. FIM and Barthel scores at first admission, after 6 months, and after 1 year.

Case FIM Score and interpretation Barthel Score and interpretation FAC
B 6m 1y B 6m 1y
1 60(52.3%) 75(59.5%) 77(61.1%) 40 55 55
MSS=42 MSS=50 MSS=52 severe de- severe de-  severe de-
CSS=24 CS5=25 CSS=25 pendence pendence  pendence
moderate moderate as- moderate as-
assistance sistance sistance
2 42(33.3%) 49(38.8%) 54(42.8%) 40 45 50
MSS=30 MSS=37 MSS=44 severe de- severe de-  severe de-
CSS=12 CSS=12 CSS=10 pendence pendence  pendence
maximal as- maximal as- maximal as-
sistance sistance sistance
3 98(77.7%) 110(87.3%) 115(91.2%) 60 70 75
MSS=76 MSS=80 MSS=85 severe de- moderate moderate
CS5=22 CSS=30 CSS=30 pendence depend- depend-
minimal as-  minimal assis- minimal as- ence ence
sistance tance sistance
4 98(77.7%) 98(77.7) 110(87.3%) 50 55 60
MSS=78 MSS=78 MSS=90 severe de- severe de-  severe de-
CSS=20 CSS=20 CS55=20 pendence pendence  pendence
minimal as-  minimal assis- minimal as-
sistance tance sistance
5 53 (42%) 65(51.5%) 70(55.5%) 55 60 70
MSS=33 MSS=42 MSS=46 severe de- severe de- moderate
CS5=20 CS5=23 CS5=24 pendence pendence depend-
maximal as- moderate as- moderate as- ence
sistance sistance sistance
6 79(62.7%) 74(58.7%) 55(43.7%) 45 45 35
moderate moderate as- severe assis- severe de- severe de-  severe de-
assistance sistance tance pendence pendence pendence
MSS=55 MSS=50 MSS=31
CSS=24 CSS=24 CSS=24
7 53 (42%) 63(50%) 64(50.7%) 45 50 55
MSS=45 MSS=50 MSS=51 severe de- severe de-  severe de-
CS5=24 CSS=24 CSS5=24 pendence pendence  pendence
maximal as- moderate as- moderate
sistance sistance assistance
8 90(71.4%) 95(75.4) 98(77.7%) 50 60 60
MSS=70 MSS=75 MSS=78 severe de- severe de-
CSS=20 CSS=20 CSS=20 pendence  severede-  pendence
moderate minimal assis- minimal as- pendence
assistance tance sistance

FIM - Functional Independence Measure; MSS - Motor subtotal score; CSS — Cognitive
subtotal score; FAC - functional ambulation category; B — Baseline; 6m — After 6 months; 1y
—After 1 year.
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Comparison of FIM total score, MSS and CSS subscores, and Barthel scores over
specified timepoints showed that they did not reach a statistically significant change
in 6-months’/1 year time (Table 3).

Table 3. FIM and Barthel scores mean values and statistical significance (p).

Mean FIM score + SD p Mean Barthel score + SD p
B 6m 1y B 6m ly
71.62+20.88 78.62+19.26 80.37+22.67 0.69/0.43 48.12+6.58 55+7.90 57.5+11.45 0.07/
0.06
MSS MSS MSS
53.62+ 17.88 57.75+ 16.05 59.62+20.26 0.48/0.62
CSS CSS CSS
20.75+3.73 22.25+4.86 22.12+5.44 0.69/0.58
FIM - Functional Independence Measure; SD - standard deviation; p-value: between the
first and second evaluation / first and last evaluation; MSS - Motor subtotal score; CSS —

Cognitive subtotal score.

The functional outcome measures: lower-limb range of motion (L-ROM) and
lower force (L-FORCE) for hip and knee flexion and extension, before and after ro-
botic-assisted therapy via Lokomat are shown in tables 4 and 6. Statistically signifi-
cant differences were noted for right hip flexion and for left hip flexion (Tables 5, 7).

Table 4. Lokomat assessment: L-ROM.

L-ROM (°) Casel Case 2 Case 3 Case 4
Parameter B 6m 1y B 6m 1y B 6m ly B 6é6m 1y
Hip flexion right 17 24 59 27 30 51 30 36 46 30 36 46
Hip flexion left 24 46 64 24 35 46 40 44 47 40 42 47
Hip extension right 5 8 10 10 12 14 5 10 14 5 10 14
Hip extension left 6 10 12 10 12 13 0 5 7 0 5 7

Knee flexion right 75 75 78 55 55 60 27 36 52 27 36 52
Knee flexion left 79 80 80 65 68 75 25 42 50 25 36 50
Knee extension right 10 10 10 5 5 5 6 10 10 6 8 12

Knee extension left 9 10 10 5 5 5 7 7 9 7 8 9
Case 5 Case 6 Case 7 Case 8
Parameter B 6m 1y B 6m 1y B 6m 1y B é6m 1y
Hip flexion right 17 42 59 9 8 5 27 46 51 31 36 42
Hip flexion left 24 42 64 9 5 24 46 46 16 22 28
Hip extension right 5 5 10 5 0 10 10 14 1210 12
Hip extension left 6 6 12 6 0 10 10 13 5 5 5

Knee flexion right 75 75 78 45 24 17 55 55 60 53 59 75
Knee flexion left 9 79 80 49 20 16 65 70 75 36 38 42

Knee extension right 10 10 10 10 0
Knee extension left 9 9 10 9 0 0
B - baseline; 6m — 6 months; 1y — 1 year.

Two measures show statistically significant increases over time, indicating an
improvement in function or mobility. The other measures show no significant
differences, indicating either stability or that the changes are not large enough to be
considered significant (Table 5).

Table 5. Means and standard deviations for L-ROM.
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L-ROM () Mean+SD/B ~ Mean + SD/6m Mean + SD/1y p value
Hip flexion right 23.5+ 7.58 32.25+11.11 44.88+16.1 0.0043
Hip flexion left 25.13£9.94 35.63+£12.83 43.38+18.03 0.0251
Hip extension right 7.13+2.8 8.13+3.62 11+4.47 0.0569
Hip extension left 5.38+3.57 6.63+3.6 8.63+4.39 0.119
Knee flexion right 51.5+17.23 51.88+17.4 59+18.85 0.4201
Knee flexion left 52.88+20.95 54.13+21.31 58.5+21.48 0.6046
Knee extension right 7.13+2.26 6.63+3.31 7.13£3.76 1
Knee extension left 7+1.73 6.13+2.93 6.63+3.28 0.7819
Table 6. Lokomat assessment: L FORCE.
L FORCE Casel Case 2 Case 3 Case 4
(Nm/degree)
Parameter B 6m 1y B 6m 1y B é6m 1y B 6m 1y
Hip flexion right 26 28 32 29 30 30 28 31 31 48 50 61
Hip flexion left 26 28 32 29 30 30 18 28 29 18 24 59
Hip extension 28 28 34 28 28 29 28 29 29 28 37 49
right
Hip extension left 28 30 34 28 28 29 22 23 28 32 49 58
Knee flexion right 13 18 21 18 20 22 23 25 28 43 43 48
Knee flexion left 13 18 21 18 20 22 23 25 27 43 43 47
Knee extension 9 15 18 19 19 19 25 39 39 25 32 39
right
Knee extension 9 15 18 19 19 19 24 32 49 24 35 49
left
Case 5 Case 6 Case 7 Case 8
Parameter B 6m 1y B 6m 1y B é6m 1y B 6m 1y
Hip flexion right 46 51 65 9 27 27 29 32 40 46 48 52
Hip flexion left 46 55 65 9 35 08 29 35 40 47 48 50
Hip extension 28 32 44 5 3.2 3 28 32 39 48 48 48
right
Hip extension left 28 32 44 6 4 0 28 29 39 54 54 54
Knee flexion right 13 25 31 3 1.3 08 18 25 32 46 48 48
Knee flexion left 13 25 31 3 1.7 12 18 25 32 50 50 50
Knee extension 9 25 28 5 2.8 1.7 19 25 29 44 45 45
right
Knee extension 9 18 28 9 3 1.6 19 24 29 46 45 46
left
B — baseline; 6m — 6 months; 1y — 1 year.
Table 7. Means and standard deviations for L-FORCE
L FORCE Nm/degree Mean+SD/B MeantSD/6m  MeantSD/ly  p value
Hip flexion right 32.63+12.47 34.09+14.94 39.21+18.85 0.0043
Hip flexion left 27.75+,12.51 31.44+14.59 38.23+18.98 0.0251
Hip extension right 27.63+10.77 29.65+11.76 34.38+13.95 0.0569
Hip extension left 28.25+12.31 31.13+14.41 35.75+16.93 0.119
Knee flexion right 22.13+14.02 25.66+13.63 28.85+14.34 0.4201
Knee flexion left 22.63+14.91 25.96+13.96 28.9+14.44 0.6046
Knee extension right 19.38+11.68 25.35+12.61 27.34+13.23 1
Knee extension left 19.88+11.58 23.88+12.29 29.95+16.03 0.7819

SD - standard deviation.

Analysis of Lokomat parameters demonstrated an improvement of the analyzed
parameters in 87.5% of cases (Table 8).
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Table 8. Lokomat assessment: changes between first and last assessment

Case 1 2 3 4 5 6 7 8 APC
Speed Change +46% +158%  +52% +50% +49% +1% +148% +30% +66.75%
(km/h)
Body weight +48% +47%  +17% +20% +46% -1% +42% +33% +31.50%
support (kg)
Distance Change +144 %  +381% +195% +180% +204 % -19% +285% +76% +180.75%
(meters)
Duration Change  +216 % +99%  +99% +89% +146% -20% +82% +39% +93.75%
(min)

APC- average percentage change.

3. Discussion

The aim of the study was to assess functionality and independence of patients
with LGMD after medical rehabilitation using robotic exoskeletal devices. The results
of the present study revealed that exoskeleton robotic training, which was applied 3
times, at 6 months interval, each rehabilitation session lasting 12 days, was signifi-
cantly effective in improving hip flexion bilaterally in adult LGMD patients. Speed
change, body weight support, distance change and duration change showed im-
portant gains in seven out of the eight cases.

Limb girdle muscular dystrophies are a group of rare genetic disorders charac-
terized by atrophy and weakness of the striated muscles of the hip and shoulder
(limb-girdle areas). The muscle weakness and atrophy are progressive and may also
affect other muscles. This group of diseases is an excellent example of heterogeneous
disorders, primarily affecting the proximal muscles of the girdles. There are more
than 30 different subtypes, which have been associated with specific genetic abnor-
malities. Depending on the inheritance pattern, they can be classified as autosomal
dominant (type 1) or recessive (type 2). Dominant forms are less common (<10% of
all cases) and generally present with less severe phenotypes and onset during adult-
hood. Recessive forms are more common (1:15,000), with type 2A being the most
common (OMIM #253600) [38]. The onset age of the latter subtype is variable, ranging
from 8 to 15 years, although later onset forms have also been described [39]. The onset
age, severity and progression of the different disease subtypes can vary greatly not
only between unrelated affected individuals, but even among individuals in the same
family. Some individuals may have a mild, slowly progressive form of the disorder,
while others may have a rapidly progressive form that causes severe disability [40].

Disease-specific therapy, aiming to cure the disease, is not yet available; there-
fore, therapies include different symptomatic treatments. Other potential therapies
like molecular or gene therapy approaches are under investigation [2]. Due to the
broad heterogeneity of this group of disorders, there is no single approach. Medical
rehabilitation is beneficial for maintaining or ameliorating strength and improving
quality of life. Muscle training exercises must be carefully managed and tailored to
patient's needs. This will help patients maintain their daily living activities as the
disease progresses, having also a positive impact on their psychological well-being
[7,10,41,42].

In our study the main objective of rehabilitation therapy was to preserve or in-
crease muscle strength. Though the evolution of LGMDs is progressive, tailored re-
sistance and endurance training can enhance muscular capacity and slow deteriora-
tion. Also, physiotherapy targeted joint range-of-motion and daily function to delay
loss of mobility.

We carefully evaluated each case, combined rehabilitation methods and person-
alized each patient's therapeutic plan. Frequency of exercise training, duration and
intensity can vary significantly. Rehabilitative treatment plays a key role in preven-
tion of, and compensation for, loss of muscle strength and therefore in preserving for
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as long as possible the patient's maximum autonomy. The disease makes it difficult
for patients to sustain prolonged muscular effort and frequently causes fatigue,
which occurs when the intended physical activity can no longer be continued or is
perceived as excessive effort and discomfort. It is, therefore, necessary to balance
muscle training, which improves strength and quality of life of patients, with the
need to preserve the delicate muscle fibers that can easily be damaged with the wrong
type of exercise [43,44].

The use of robotics in medical rehabilitation has been recommended as an alter-
native to reduce the burden on therapists. Exoskeletons were initially used for reha-
bilitation of neurological conditions, less extensively for musculoskeletal disorders
[45,46]. These robotic devices, such as the Lokomat, have developed into robot-as-
sisted gait trainers—fixed grounded robotics paired with a treadmill and body
weight support system that aid forward lower limb movement—offering functional
training benefits and increased session intensity, though they remain limited to for-
ward stepping and only hospital use [9,46-48].

In our study, FIM and Barthel scores improved after medical rehabilitation, ex-
cept one case. When comparing the functional abilities scores from admission with
those obtained after the 6-month rehabilitation session, and after the 1-year rehabili-
tation session, respectively, we noticed improving scores, but differences were not
statistically significant, which is likely attributed to the small number of cases and
the progression of the disease.

Seven patients included in the present study improved the total FIM score and
the motor section of FIM. Functional independence improvement was notable in 2
cases that initially required maximal assistance, subsequently requiring moderate as-
sistance after medical rehabilitation. One patient reported improved independence,
from moderate assistance to minimal assistance. We noticed that gains in FIM motor
scores were significantly higher than cognitive subscale scores.

The results suggest that ROM and strength measurements are more sensitive for
detecting functional changes at the local level, whereas the FIM score, being a global
measure of independence, may require more extensive change. Therefore, even if pa-
tients show significant increases in hip ROM and strength, these changes do not nec-
essarily directly influence the global independence score, at least within the observa-
tion period.

Sczesny-Kaiser et al. performed a treadmill exercise study using hybrid assistive
limb (HAL®). Safety and effects on walking function of HAL® supported treadmill
therapy was assessed in 3 patients with LGMD, who received 8 weeks of treadmill
training with HAL®, 3 times a week. All patients completed the therapy and reported
improvements in endurance and in the measured outcome parameters, improved
functional ability in weak patients and enhanced lower limb strength and walking
distance. The authors concluded that HAL® treadmill training enabled an intensive
highly repetitive locomotor training, beneficial for patients [10]. Regarding the motor
section of FIM, Sczesny-Kaiser M et al. found that motor scores of two patients in-
creased after HAL® therapy, whereas one patient did not exhibit any change [10].

Barthel scores also showed a slight improvement in our study. A change from
severe dependence to moderate dependence on the Barthel Index was achieved in
two cases. A PubMed search using the following key words: limb girdle muscular
dystrophy, medical rehabilitation, Barthel index combined with robotic device or
Lokomat or exoskeleton, did not give any result, therefore we could not compare our
results to other studies.

Loss of ADL independence and immobility leads to a sedentary lifestyle that
promotes the occurrence of secondary diseases. In our study CIRS score was higher
in patients with a longer period of disease progression. Therefore, gait recovery is an
important goal of medical rehabilitation.

Some subtypes of LGMD may involve cardiac and respiratory muscles, necessi-
tating attentive monitoring for cardiomyopathy and respiratory failure. We also
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aimed to improve respiratory capacity in patients 1, 3 and 8, who had respiratory
failure. The evolution of these 3 patients was favorable, FIM and Barthel scores im-
proving in all of them. Integrating breathing exercises alongside motor training sup-
ports endurance and respiratory function. Our programs combined deep breathing,
intercostal stretching, and pursed-lip breathing, which were effective in improving
thoracic expansion and reducing dyspnea. Early management of respiratory symp-
toms and personalized respiratory physiotherapy contributes to patients' well-being
and improves their capacity to participate in muscle training exercises [44].

Supervised resistance training over months showed improvements in muscle
strength and endurance with good tolerability. In our study statistically significant
muscle strength gains were recorded for right hip flexion and for left hip flexion. Im-
provements were also observed for the other muscle groups, but were not statistically
significant. In patient 2 muscle strength values remained the same, even after the last
training session. In case 6, we noticed an increase in muscle strength at the 6-month’
evaluation, but marked reduction in muscle strength was observed after 1 year, when
performing the third assessment. Increased knee flexion strength and improvements
in functional tasks in adults with muscular dystrophy were reported after a twice-a-
week, 12 weeks, resistance training programme. The authors noticed a significant im-
provement in knee flexion, but no significant change in knee extension [49].

Analyzing changes between the first and last assessment in Lokomat parame-
ters, the following aspects were notable: speed change revealed an increase around
50% in 4 cases (patients 1, 3, 4, 5), and noticeable values in other 2 patients (158% in
case 2 and 148% in case number 7, respectively). There was an augmentation of body
weight support of over 40% in cases 1, 2, 5 and 7. Except for patient 6, the other cases
had an increase ranging from 17% to 33%. Regarding walking distance, the smallest
increase, 76%, was seen in patient 8 and a notable 381% difference between initial and
final values in patient 2. Patient 6 had a 19% reduction of the walking distance. Du-
ration change also revealed important improvements in the majority of cases, except
for the same patient 6. Patient 6’s decline is notable, reflecting disease progression, in
our opinion. She participated in all the training sessions, was compliant, but had un-
favorable evolution. She is scheduled for a muscle biopsy. Our results are in agree-
ment with the results of the only study dealing with robotic training of patients with
LGMD, when noting the improvement of functional abilities, but also when discuss-
ing about patients that had a downward trend [10].

The Lokomat promotes gait patterns centered on hip movements, leading to an
increase [50]. The LOKOMAT system assists hip and knee flexion/extension move-
ments, as well as pelvic rotation, with hip and knee movements being controlled by
an impedance controller. Visual feedback may contribute to increased results [51].
Therefore, the more pronounced improvement in hip flexion during Lokomat ther-
apy can be explained by the emphasis on hip-related gait patterns, as well as the tech-
nology and algorithms used to stimulate and correct this specific movement.

Only one case from the present study, a young woman, had an unfavorable evo-
lution, all the assessments revealing worsening of the measured parameters, with the
exception of a minor improvement in speed (1%). A study by Brun et al. showed
that teenagers with higher self-reported physical activity level before the onset of
symptoms had an increased risk for early onset of symptoms and wheelchair use and
an increase in the disease progression rate [52].

The discrepancy between objective (L-ROM/L-FORCE) and subjective/func-
tional (FIM/Barthel) outcomes can be explained by the difference in the assessment
method and perspectives used. Objective outcomes, such as L-ROM and L-FORCE,
are based on direct and quantifiable measurements made by professionals, providing
an accurate picture of the patient's physical capabilities. On the other hand, subjective



Balneo and PRM Research Journal 2025, 16, 3 13 of 17

or functional outcomes, such as FIM and Barthel, are evaluated according to the pa-
tient's perception and performance in daily activities, which can be influenced by
factors such as motivation, personal adaptation, or the level of social support. Thus,
differences may arise due to the fact that the patient may have a different perception
of his/her real ability to perform certain activities compared to the objective measure-
ments. Also, certain physiological or psychological aspects may influence the subjec-
tive results, leading to a lack of perfect correlation between the two types of assess-
ments. In conclusion, this difference emphasizes the importance of using a multidis-
ciplinary and complementary approach to fully assess the patient's status, combining
objective measurements with subjective assessment to obtain the most complete and
accurate possible picture.

Our observations indicate that, in most cases, FAC scores showed minimal
change between assessments. Some scales, including FAC, may have limited sensi-
tivity to detect subtle variations depending on the stage of recovery or severity of the
condition. Ceiling and floor effects: If patients started with scores very close to the
upper (ceiling) or lower (floor) limit of the FAC scale, the ability to detect significant
improvement or deterioration is limited. This phenomenon may mask real changes
in patients’ functioning. In such cases, minimal differences may actually be the result
of methodological limitations, not a lack of real change.

There is an ongoing debate regarding neuromuscular functional rehabilitation,
the benefits and risks of exercise training for patients with muscular dystrophies.
Strength training and aerobic training are considered safe and potentially beneficial
in the rehabilitation of these patients. Analyzing safety and long-term effect of exer-
cise on disease progression and use of assisted exercise such as body weight-sup-
ported physiotherapy approaches and anti-gravity training in patients with LGMD,
several studies concluded that exercise is generally safe and well tolerated, and im-
proves functional outcomes in patients with hereditary muscle disorders, but exer-
cise prescriptions should be disease specific [53-55].

Investigating the effect of strength training in patients with LGMD, Sveen et al.
concluded that low-intensity and high-intensity training increased muscle strength
and endurance in some of the muscles that were tested, suggesting that supervised
resistance training could be adviced in the management of these patients [56].

A review of the currently available motor rehabilitation strategies for the most
common subtypes of LGMD concluded that, when tailored to individual needs, mus-
cle training can enhance strength and functional abilities, positively impacting psy-
chological well-being [44].

Emerging methods such as virtual reality (VR) and robotics show promise for
engaging motor training in the future, though specific LGMD trials are limited today.
The studies investigating the use of VR for muscular dystrophy rehabilitation
showed improvements in the motor abilities and independence in these patients [57].
On the other hand, non-grounded exoskeletons that combine the advantages of
grounded robotics with the ability to practice all aspects of walking can assist a per-
son’s standing and walking [46,58].

Strengths and limitations of the study

The study provided valuable insights by highlighting the benefits of exoskele-
ton-assisted robotic rehabilitation for adult patients with LGMD, demonstrating sig-
nificant improvements in hip flexion; It also attempts to fill a gap in the literature by
emphasizing the feasibility and tolerability of personalized and repeated therapy,
which opens new perspectives for the development and implementation of effective
therapeutic interventions in muscular dystrophies. Of course, we also point out some
limitations. The most important limitation of the study is the low number of cases, as
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LGMD is a rare disease. Another limitation of our study is that we only used patient
parameters over a period of one year. Also, the lack of control group makes it hard
to separate the effects of robotics treatment from general rehabilitation. Further-
more, the use of this robot technology is still limited, as these devices are large and
heavy, requiring supervision and the use of walking aids. In addition, evidence sup-
porting their benefits is still limited to short-intervention trials with few participants
[58].

5. Conclusions

We have presented a case-series of eight patients with LGMD, who underwent
a personalized, comprehensive, multidisciplinary rehabilitation therapy. Robotic
gait-assisted therapy was performed in all cases and it improved or maintained mus-
cle strength, motor control and functional autonomy. Exoskeleton rehabilitation was
effective in significantly improving hip flexion range of motion, bilaterally. Based on
our results, we consider that robotic devices have potential to be further used in re-
habilitation of LGMD patients.
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