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Abstract

Background: Shoulder subluxation is a common and clinically significant
complication of post-stroke hemiparesis, particularly in the early recovery period, when
muscle hypotonia and impaired motor control predominate. It is associated with increased risk
of hemiplegic shoulder pain and reduced functional recovery, highlighting the need for
effective preventive strategies.

Objective: To improve prevention of shoulder subluxation in patients with post-stroke
hemiparesis by evaluating the effectiveness of combining supportive interventions with
Mulligan Mobilization with Movement (MWM) manual techniques.

Methods: A prospective randomized controlled trial included 43 patients (45-80 years)
in the early recovery period (7-90 days post-stroke). Participants were randomly assigned to a
control group (n=21), receiving standard rehabilitation, or a main group (n=22), receiving
additional MWM techniques. Outcomes were assessed at baseline and after 4-6 weeks using
Fugl-Meyer Assessment for Upper Extremity (FMA-UE), Action Research Arm Test
(ARAT), Visual Analog Scale (VAS), Modified Barthel Index (MBI), and acromiohumeral
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distance (AHD). Statistical analysis included Mann—Whitney U test and Spearman correlation
(p<0.05).

Results: Both groups improved; however, the main group demonstrated significantly
greater gains in motor function (FMA-UE: 48 vs 41; p=0.003) and functional activity (ARAT:
38 vs 28; p=0.002), along with greater pain reduction (VAS: 1 vs 2; p=0.01) and improved
joint stability (AHD: 9.8 mm vs 11.5 mm; p=0.004). Strong positive correlation was observed
between FMA-UE and ARAT (p=0.71; p<0.001), while AHD and VAS negatively correlated
with functional outcomes.

Conclusions: The addition of Mulligan MWM techniques to standard rehabilitation
significantly enhances motor recovery, reduces pain, and improves shoulder stability in post-
stroke patients, supporting their inclusion in early rehabilitation protocols.

Key words: stroke; post-stroke hemiparesis; shoulder subluxation; glenohumeral
instability; Mulligan Mobilization with Movement/MWM; rehabilitation; upper limb

function; acromiohumeral distance; hemiplegic shoulder pain.

Stroke remains one of the leading causes of disability worldwide, with an incidence of
150-300 cases per 100,000 population annually, while ischemic strokes account for up to 80—
85% of all cases [1, 2]. In the structure of stroke consequences, hemiparesis develops in 70—
80% of patients in the acute period, and persistent motor deficits remain in 40-50% of cases,
resulting in a significant socioeconomic burden and the need for effective rehabilitation [3].
One of the most clinically significant complications of post-stroke hemiparesis is
glenohumeral instability manifested by shoulder subluxation [4, 5]. According to the
literature, its prevalence ranges from 17% to 81%, depending on the timing of assessment and
severity of neurological deficit [4-7]. The highest risk of subluxation occurs in the early
recovery period (first 24 weeks after stroke), when muscle hypotonia predominates.
Hemiplegic shoulder pain develops in 30-70% of patients, and in 20-30% of cases it tends to
become chronic. Importantly, the presence of shoulder subluxation increases the risk of pain
by 2-3 times, further limiting upper limb function and reducing rehabilitation effectiveness
[6, 7].

The pathogenesis of glenohumeral instability is multifactorial and includes decreased
tone of stabilizing muscles of the shoulder joint, particularly the deltoid muscle and rotator
cuff muscles, impaired scapulohumeral rhythm, sensorimotor disorders, and improper limb

positioning. These factors lead to caudal displacement of the humeral head under gravity,



stretching of the capsuloligamentous structures, and formation of subluxation, negatively
affecting functional recovery and quality of life [6].

In modern clinical practice, various approaches are used to prevent shoulder
subluxation, including supportive devices (slings, orthoses), kinesiotaping, and manual
techniques aimed at correcting movement biomechanics and restoring muscle control [8-10].
However, the lack of a unified evidence-based approach for selecting the optimal strategy,
especially in the early recovery period, determines the relevance of further research.

The aim of the study was to improve the prevention of shoulder subluxation in patients
with post-stroke hemiparesis by evaluating the effectiveness of combining supportive means
with Mulligan Mobilization with Movement (MWM) manual techniques in the early recovery
period.

Materials and Methods. The study was designed as a prospective randomized
controlled clinical trial with parallel groups. The total sample included 43 patients who were
randomly assigned into two comparable groups: a control group (n=21), which received a
standard rehabilitation program, and a main group (n=22), in which Mulligan MWM
techniques [10] were additionally applied. The groups did not differ significantly in age, sex,
or severity of neurological deficit: mean age was 64.2+2.1 years in the control group and
63.7£2.4 years in the main group (p>0,05), while stroke severity according to NIHSS
corresponded to a moderate level (9.1+0.8 and 9.4+0.7 points, respectively; p>0,05). Baseline
upper limb function assessed by the Fugl-Meyer Assessment (FMA-UE) [11] was 32.5+3.2
points in the control group and 31.84+3.5 points in the main group (p>0,05), indicating
pronounced hemiparesis.

Inclusion criteria were age 45-80 years, presence of post-stroke hemiparesis, early
recovery period (7-90 days), sufficient cognitive function (MMSE >24 or MoCA >22), and
signs of hypotonia or initial glenohumeral instability. Exclusion criteria included severe stroke
(NIHSS >20), severe pain syndrome (VAS >7), orthopedic shoulder pathology, and severe
comorbid somatic conditions.

The effectiveness of rehabilitation interventions was assessed using validated clinical
scales. Motor function was evaluated using FMA-UE [11], functional activity using the
Action Research Arm Test (ARAT) [12], pain intensity using the Visual Analog Scale (VAS)
[13], and independence in daily living using the Modified Barthel Index (MBI) [14]. The
degree of glenohumeral instability was assessed clinically and instrumentally by measuring
the acromiohumeral distance (AHD) [15], while muscle tone was evaluated using the

Modified Ashworth Scale (MAS) and Modified Tardieu Scale (MTS) [16, 17].



The study was conducted in accordance with the principles of the Declaration of
Helsinki, with informed consent obtained from all participants and approval granted by the
local ethics committee [18].

Assessments were conducted dynamically: at baseline and after a 4-6 week
rehabilitation course. All patients received standard rehabilitation including physical therapy,
occupational therapy, positioning, and education on proper limb care, while the main group
additionally received Mulligan techniques [10] performed 5 times per week throughout the
treatment course.

Statistical analysis was performed using non-parametric methods due to non-normal
distribution; the Mann—Whitney U test was used for intergroup comparisons and Spearman’s
rank correlation coefficient for assessing relationships between variables, with statistical
significance set at p<0.05. Data were presented as median and interquartile range Me (QI;
Q3) or mean = standard error (M£m) [19].

Results and Discussion. At baseline, both groups showed no statistically significant
differences in clinical-functional indicators (p>0.05), confirming proper randomization. FMA-
UE scores were 32-33 points, ARAT scores 20-21 points, VAS pain levels 3 (2; 5), and AHD
13.2-13.5 mm, corresponding to moderate instability.

After rehabilitation, both groups improved, but the main group demonstrated
significantly greater progress. FMA-UE increased to 41 (36; 45) in the control group and to
48 (42; 52) in the main group (U=129.0; p=0.003). ARAT increased to 28 (22; 34) and 38 (32;
45), respectively (U=118.5; p=0.002). Pain decreased to 2 (1; 3) in the control group and 1 (0;
2) in the main group (U=134.0; p=0.01).

AHD decreased to 11.5 (10.2; 13.8) mm in the control group and 9.8 (8.5; 11.2) mm in
the main group (U=122.0; p=0.004), indicating better shoulder stabilization (Figure 1).

The observed between-group difference in acromiohumeral distance (AHD) has
important clinical implications, as AHD is an objective surrogate marker of glenohumeral
alignment and mechanical stability. A greater reduction in AHD in the main group indicates
more effective approximation of the humeral head toward the glenoid, reflecting improved
activation of stabilizing muscles and restoration of scapulohumeral rhythm. Clinically, this is
associated with a lower risk of progressive subluxation, decreased mechanical strain on the
capsuloligamentous structures, and reduced likelihood of chronic hemiplegic shoulder pain.
Moreover, improved joint congruency facilitates more efficient force transmission during

upper limb movements, thereby enhancing functional recovery. Thus, the greater decrease in



AHD observed in the main group not only confirms superior biomechanical stabilization but

also supports its role as a meaningful predictor of better rehabilitation outcomes.
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Figure 1. Clinical changes of acromiohumeral distance (AHD) after rehabilitation

Correlation analysis revealed a strong positive relationship between FMA-UE and
ARAT (p=0.71; p<0.001), a moderate negative correlation between FMA-UE and AHD
(p=—0.48; p=0.003), and a negative correlation between VAS and ARAT (p=—0.46; p=0.004).

The results confirm that manual techniques improve biomechanics, proprioception,
and muscle activation. Compared to other interventions, kinesiotaping provides moderate
effects, while slings may limit activity.

Conclusions:

1. Patients with post-stroke hemiparesis in the early recovery period demonstrate
significant impairments in motor function, functional activity, and moderate glenohumeral
instability.

2. The use of Mulligan MWM techniques combined with standard rehabilitation
significantly improves motor function (p=0.003), functional activity (p=0.002), reduces pain
(p=0.01), and decreases shoulder subluxation (p=0.004).

3. Strong correlations exist between motor recovery and functional activity, with
negative effects of instability and pain.

4. MWM techniques are most effective in patients with mild to moderate

instability and hypotonia.



5. Incorporating manual techniques enhances rehabilitation outcomes, reduces

chronic pain risk, and improves patient independence.
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