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Background: Performing a careful but effective mobilisation of the hemiplegic shoulder is
essential for optimal muscle activation and to preserve the passive range of motion (PROM)
needed to perform functional tasks. Studies concerning passive mobilisation of the post-stroke
shoulder are scarce.

Objectives: A randomised multiple treatment trial was conducted to compare the effects of
different mobilisation techniques on shoulder PROM.

Method: Eleven participants with upper limb paresis in the subacute phase after stroke
underwent three different mobilisation techniques (3 x 4 weeks):(1) combined soft-tissue
mobilisation in the scapular plane, (2) scapular mobilisation without glenohumeral
movement, (3) angular glenohumeral mobilisation in the frontal plane. Depending on the
randomisation, the order of the techniques changed. Differences in outcome measures (PROM
shoulder, shoulder pain, spasticity of shoulder muscles and biceps, trunk impairment scale
and Fugl-Meyer assessment) were calculated between the beginning and end of each
intervention period.

Results: Using combined soft-tissue mobilisation in patients in the subacute phase after stroke
with persistent arm paresis resulted in an increased passive shoulder external rotation
(p = 0.006). An average increase of 6.82° (+ 9.20°) for shoulder external rotation was noted,
whilst after the two other techniques, passive external rotation decreased (scapular mobilisation
—7.27° +10.81°; angular mobilisation —5.45° + 11.72°).

Conclusion: These preliminary findings, suggest that combined soft-tissue mobilisation
technique might improve the PROM for external shoulder rotation in subacute stroke patients
with persistent arm paresis.

Clinical implications: Performing a specific mobilisation technique might have positive
effects on shoulder PROM. Research including larger sample sizes is necessary to confirm
these findings and define the underlying mechanisms.

Keywords: stroke; hemiplegia; hemiplegic shoulder pain; passive range of motion; passive
mobilisation; paresis; upper extremity.

Introduction

Rehabilitation therapists are constantly challenged to strive for the optimal functional recovery of
patients after stroke as well as the prevention and treatment of several complications. The often
poor prognosis of upper limb (UL) recovery post stroke with the potential of mobility-related
complications is one of the reasons why, in people with persistent arm paresis, therapists are
inclined to apply more passive therapeutic interventions instead of active arm-oriented therapy
modalities (Barker, Gill & Brauer 2007; De Jong et al. 2017). The emerging relative immobility of the
paretic UL tends to result in increasing weakness, sensory loss, loss of cortical representation and
development of learned non-use and contractures (Ada et al. 2018; Hunter et al. 2008). Hence, 60%
of all patients with stroke have been reported with muscle contractures (Sackley et al. 2008) leading
to fixation of joints (Pingel, Bartels & Nielsen 2017). These contractures already start to develop in
the first weeks after stroke and increase over time (Ada et al. 2018). Except for the pain they can
cause, they can also hamper daily personal care and impede active functional movement capabilities
(Malhotra et al. 2011). Because of the altered muscle activation patterns after stroke, the UL posture
usually includes internal rotation and adduction of the shoulder (Murie-Fernandez et al. 2012). The
limited external rotation (Blennerhassett, Gyngell & Crean 2010; Lindgren et al. 2012) and or
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abduction (Aras et al. 2004; Lindgren et al. 2012; Lo et al. 2003;
Pong et al. 2012) is a well-known contributing factor in the
development of (predominantly musculoskeletal) hemiplegic
shoulder pain (HSP). This risk profile implies that maintaining
an appropriate passive range of motion (PROM) of the
shoulder joint should be seen as a priority from early after
stroke onset in order to prevent the development of HSP,
(Vasudevan & Browne 2014) but also in order to maintain an
optimal tension-length relationship (Gray, Rice & Garland
2012) in the muscles to optimise muscle activation around the
shoulder. However, the question arises which is the most
efficient, most effective and the safest way to preserve PROM
of the shoulder. In stroke rehabilitation, active exercises and
task-specific training of the UL are preferred above passive
therapy modalities (Murie-Fernandez et al. 2012). Nevertheless,
for a substantial number of patients, therapists have to rely on
more passive interventions (e.g. stretching, passive mobilisation)
to avoid complications (e.g. contractures) because of the often
slow and difficult recovery. Notwithstanding the motivation
for a shift to more passive interventions, studies on passive
mobilisation of the UL after stroke are scarce. In view of the
prevention of the development of soft tissue contractures and
HSP (Vasudevan & Browne 2014), the need for early passive
mobilisation is generally accepted. However, the risk
of generating impingement (Turner-Stokes & Jackson 2002),
soft tissue injuries (Huang et al. 2010) and even HSP (Hardwick
& Lang 2011; Kumar et al. 1990) is considered to be substantial
when passive exercises are not performed in the most
appropriate way (Hardwick & Lang 2011; Vasudevan &
Browne 2014).

Turner-Stokes and Jackson (2002) previously formulated
recommendations for passive mobilisation of the hemiplegic
shoulder: (1) reduce muscle tone and relocate the humeral
head before starting the passive mobilisation if necessary, (2)
ensure appropriate rotation of the scapula and humerus to
avoid impingement and/or rotator cuff injuries (Turner-
Stokes & Jackson 2002) and (3) avoid overstretch of the biceps
long head tendon and subscapularis tendon (Pong et al. 2012).
Irrespective of these recommendations, only a few studies are
available on passive mobilisation of the hemiplegic shoulder
(Lynch et al. 2005; Pain et al. 2020). Recently, Pain and
colleagues described the three-dimensional shoulder pain
alignment mobilisation as an alternative for conventional
unidimensional mobilisation techniques (Pain et al. 2020).
Because of the clinical importance and the scarce presence of
comparative studies, we conducted a randomised multiple
treatment trial comparing different mobilisation techniques.
Firstly, the primary goal was to investigate whether there were
different effects on shoulder PROM in patients after stroke
depending on the performed mobilisation technique. Secondly,
the effect of the different mobilisation techniques on the
evolution of shoulder pain and spasticity was examined.

Method

A randomised multiple treatment design was chosen to
compare the different passive mobilisation techniques within
the same patients (Portney & Watkins 2009; Yang et al. 2007).
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Passive mobilisation was performed by physiotherapists
who were trained in neurological rehabilitation. Prior to our
study, these therapists attended two specific training
sessions. During these training sessions, instructions
regarding the different interventions were provided to the
therapists and they practised the techniques together to
ensure equality in performance by the different therapists.
Also, instruction videos were available at any time during
our study. At study onset, therapists confirmed that they
understood and felt confident to implement the different
techniques. Assessments and interventions were performed
at the Rehabilitation Centre of the Ghent University Hospital.

Eleven participants (> 18 years) were recruited after adopting
the exclusion criteria to the eligible 35 patients (Figure 1).
Patients within 6 months after a first stroke that resulted in
UL paresis were eligible to participate. Patients were excluded
if they had shoulder pain prior to their stroke, when
orthopaedic surgery was performed on the hemiplegic
shoulder before the stroke occurred or when active range of
motion (ROM) was sufficient to maintain PROM with active
exercises. Also, patients with additional orthopaedic or
neurologic problems that could interfere with shoulder
mobility or pain were excluded. Patients were randomly
allocated to one of the two samples. Randomisation was
undertaken based on a computer-generated sequence (Www.
randomizer.org). The first sample (sample 1) received their
mobilisation in the following order: technique 1-2-3. In the
second sample (sample 2), the reverse order was applied
(technique 3-2-1). Each technique was carried out for 4 weeks,
resulting in a total intervention time of 12 weeks. Patients
received their mobilisation for 5 days a week. The time spent
on mobilisation of the shoulder joint was limited to a
maximum of 20 min. The need for intra-articular injections of
the shoulder joint or injections of shoulder muscles using
botulinum toxin was assessed before participants entered
our study. During our study period, these therapeutic
procedures were not permitted. If any need for this kind of
therapy occurred during our study, the patient would be
withdrawn so as not to influence our results. All participants
received the same conventional rehabilitation therapy in
addition to the mobilisation techniques.

Assessed for eligibility Excluded (n = 24)

(n =35)  Other neurological or orthopaedic
pathologies (n =9)
l—' ¢ Only mild or no upper limb impairment
(n=9)

Randomised and allocated
to intervention (n = 11)

——

¢ Too long after stroke (n = 3)
¢ Second stroke (n =1)
¢ Organisational problems (n = 2)

Technique Technique
1-2-3 3-2-1
(n=6) (n=5)

Analysed (n =11)

FIGURE 1: Flowchart of study sample.
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Intervention

Each participant underwent the three different mobilisation
techniques. Depending on admission to sample 1 or 2, the
order of the intervention techniques changed (Portney &
Watkins 2009; Yang et al. 2007). The first technique (technique
1) was the combined soft tissue mobilisation of the shoulder
joint in the scapular plane. This technique targets different
elements: reducing muscle tone, glenohumeral alignment,
sufficient external rotation, capsular stretch. Firstly, to reduce
muscle tone, a transversal stretch of hypertonic muscles (m.
pectorales minor and major, m. biceps femoris, m. latissimus
dorsi and m. teres major) was performed before starting the
glenohumeral movements. A transversal stretch indicates a
manual muscle stretch in a transverse direction with respect
to the muscle fibre direction instead of a longitudinal stretch
in the direction of the muscle fibres (Figure 2). The aim is to
prepare the muscles and induce an eccentric elongation.
Secondly, to improve glenohumeral alignment, the humeral
head was positioned more posterior in the glenoid fossa by
holding the elbow higher with respect to the shoulder when
the participants were positioned in supine (Figure 2). Thirdly,
a relative external rotation of the shoulder was preserved
throughout the mobilisation to decrease the risk of
impingement and to counteract internal shoulder rotation.
These three prerequisites make it easier to achieve capsular
stretch and reach the end positions of the shoulder joint. The
second technique (technique 2) was a scapular mobilisation
(all directions). As this technique did not include
glenohumeral movements, it was considered as the control
intervention and therefore organised in between the other
two techniques for both samples. This approach was seen as
most appropriate from an ethical point of view instead of
offering ‘no’ passive mobilisation. The third technique
(technique 3) was the angular glenohumeral mobilisation in
all directions of the shoulder joint with shoulder abduction
and rotations in the frontal plane. This technique is considered
as the usual care angular mobilisation. Techniques 1 and 3
were performed with the patients lying in supine, and
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technique 2 was performed with the patients lying on his or
her side. The therapists were instructed to stay below the
individually tolerated pain threshold when observing pain in
and around the shoulder joint during mobilisation, stretch
pain was allowed and the goal was to reach the maximal
PROM for that participant.

Data collection

The primary outcome measure was the PROM of the
shoulder, measured using a manual goniometer with the
patients lying in supine. The maximal degrees of PROM were
noted for flexion, abduction, external and internal rotation of
the shoulder joint. Testing was always performed by the
same physiotherapist (assessor), specifically trained to
guarantee standardisation of the given measurement
procedures. The assessor was blinded for the technique
performed during the different intervention periods. If
assistance was needed, a second physiotherapist helped to
position the arm. A manual goniometer to measure PROM is
a reliable method in healthy persons (Cools et al. 2014) and
patients after stroke (De Jong et al. 2012).

A visual analogue scale (VAS) to measure intensity of shoulder
pain was used as a secondary outcome measure. Patients were
asked to rate their shoulder pain during rest, during activities
and during the night on a scale from 0 to 10 (Turner-Stokes &
Jackson 2006). Additionally, after all intervention periods of 4
weeks, patients were asked to rate their pain levels (VAS)
during the mobilisation and to identify the type of pain (stretch
or other type of pain). No analgesic drugs were permitted
during the pain evaluation period. Other secondary outcome
measures were the trunk impairment scale (TIS), the upper
extremity part of the Fugl-Meyer assessment (FMUE) and the
Modified Ashworth Scale (MAS). The TIS is a reliable method
to examine trunk stability with a score ranging from 0 to 23
(Verheyden et al. 2004). The FMUE was used to quantify the
motor deficits of the UL (Duncan, Propst & Nelson 1983;
Poole & Whitney 1988) resulting in a total score of 66 for the

Source: Photos courtesy of the authors with permission.

FIGURE 2: Transversal stretch of the pectoralis major (a) and biceps muscle (b) during the combined soft-tissue mobilisation technique (technique 1).
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UL section and 36 for the shoulder-elbow part (FMUE_SE).
Trunk stability and FMUE were measured to represent the
progress of recovery after stroke. The spasticity of the shoulder
muscles (retroflexors, adductors, internal rotators) and elbow
flexors was measured using the MAS (Bohannon & Smith
1987) with the patients lying in supine.

All outcome measurements were taken at baseline and after
4, 8 and 12 weeks of treatment.

Data analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences, version 24 (SPSS 24.0). Based on the
Shapiro Wilk test, non-parametric tests were used. Data are
presented as medians and interquartile ranges. To compare the
different baseline variables between the two samples, a Mann-
Whitney U test was used (Table 1). To compare the outcome
measures after each intervention period, the differences were
calculated between the beginning and the end of the

TABLE 1: Demographic data and baseline variables (median and interquartile
range [IQR]) at the start of the intervention (week 0) (n = 11).

Variables Sample 1 Sample 2 Y
Technique 1-2-3 Technique 3-2-1

Median IQR Median 1QR
Age (y) 49.50 20.00 58.005 9.00 0.537
Number of patients included 6 - - - -
Gender (M/F) 4/2 o 4/1 - -
Side hemiparesis (L/R) 4/2 - 1/4 - -
Type stroke (I/H) 4/2 - 4/1 - -
Time post stroke (d) 58.00 40.00 53.60 29.00 0.329
PROM flexion at 0 weeks (°) 130.00 59.00 100.00 48.00 0.537
PROM abduction at 0 weeks (°)  100.00 16.00 95.00 28.00 0.429
PROM external rotation at 20.00 33.00 15.00 33.00 0.931
0 weeks (°)
VAS activities at 0 weeks 5.00 7.00 6.00 6.00 0.931
VAS night at 0 weeks 0.00 0.00 0.00 7.00 0.329
TIS at 0 weeks (max 23) 8.00 12.00 13.00 8.00 0.429
FMUE at 0 weeks (max 66) 4.50 19.0 5.00 15.00 0.931
FMUE_SE at 0 weeks (max 36) 4.50 8.25 5.00 8.50 0.931

Note: Mann-Whitney U test.

Y, year; M, male; F, female; L, left; R, right; I, ischemic; H, haemorrhagic; d, days; PROM,
passive range of motion; °, degrees; TIS, trunk impairment scale; FMUE, Fugl-Meyer
assessment upper extremity; FMUE_SE, shoulder elbow part of the Fugl-Meyer assessment;
VAS, visual analogue scale.
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intervention period. Grouped data reporting these differences
are presented as a median * interquartile range for each
technique (Table 2). The Friedman test was used to compare
the different techniques. Statistical significance was accepted
at a p value less than 0.05. If a significant difference was
detected, an automatic pairwise post-hoc analyses function of
the Friedman test was used to calculate adjusted probabilities
(Bonferroni correction). There were no missing values. All
participants were included in the statistical analysis.

Ethical considerations

This study was approved by the medical ethics committee of
the Ghent university hospital in accordance with the
declaration of the world medical association and registered
in a public repository. All recruited participants agreed and
signed informed consent prior to our study.

Results

Eleven participants were recruited and underwent all
three mobilisation techniques. Depending on the random
assignment to sample 1 (n = 6) or sample 2 (n = 5), the order
of the intervention techniques changed. At the start of the
intervention, the two samples were comparable for both the
demographic data and baseline variables (Table 1). Median
time post stroke for the entire study population was 53 days
and the median FMUE_SE score was 5.00. Median PROM of
the shoulder at the start of the intervention was 125° flexion,
100° abduction and 20° external rotation. Median pain
intensity score at the start of the intervention was six during
activities and zero during the night. Patients had no pain at
rest before starting the intervention.

Table 2 presents the medians and interquartile ranges for the
primary and secondary outcome parameters at baseline
(week 0) and the changes after each intervention period
(technique 1, 2, 3). When comparing the changes in primary
outcome parameters between the three different techniques
(Table 2), a significant difference could be detected for the
PROM for external rotation of the shoulder (y*[2] = 10.158,
p = 0.006). After the combined soft tissue mobilisation,

TABLE 2: Medians and interquartile ranges at baseline and changes in primary and secondary outcome parameters (medians and interquartile ranges [IQR]) for each

intervention period (n = 11).

Variables Week 0 Technique 1 Technique 2 Technique 3 V4
Median QR Median QR Median QR Median QR

PROM flexion (°) 125.0 85.0 0.0 15.0 0.0 30.0 =510 30.0 0.663
PROM abduction (°) 100.0 20.0 0.0 5.0 -10.0 10.0 -10.0 10.0 0.057
PROM external rotation (°) 20.0 30.0 5.0 10.0 0.0 20.0 =510 10.0 0.006"
VAS rest 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.819
VAS activities 6.0 7.0 0.0 2.0 0.0 6.0 0.0 4.0 0.539
VAS night 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.156
MAS shoulder retroflexors 0.0 1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.250
MAS shoulder adductors 0.0 1.0 0.0 0.5 0.0 0.0 0.0 0.0 0.424
MAS shoulder internal rotators 1.0 1.5 0.0 0.5 0.0 0.5 0.0 0.0 0.519
MAS elbow flexors 1.5 0.5 0.0 0.0 0.0 0.5 0.0 1.0 0.908
TIS 10.0 8.0 1.0 3.0 1.00 2.0 1.00 2.0 0.562
FMUE 5.0 17.0 0.0 4.0 1.00 3.0 1.00 3.0 0.916

PROM, passive range of motion; VAS, visual analogue scale; MAS, modified ashworth scale; TIS, trunk impairment scale; FMUE, fugl-meyer assessment upper extremity part.
p-values reflect the result of the friedman test to compare the differences caused by the three interventions, p < 0.05.
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[] Technique 1 = combined soft tissue mobilization
=] Technique 2 = scapular mobilization side lying

B Technique 3 = angular glenohumeral mobilization

Shoulder flexion

Shoulder abduction

Shoulder exterr\al —7.27°E
rotation _s.

-1 -10 8 6 -4 -2 0 2 4 6 8

FIGURE 3: Average change in passive range of motion for the shoulder for each
technique (°).

TABLE 3: Pairwise comparison of the change in PROM for external rotation.

Variables y4

Technique 1 — Technique 2 0.043*
Technique 3 — Technique 1 0.023*
Technique 2 — Technique 3 1.000

PROM, passive range of motion.
*, p<0.05.

TABLE 4: Pain experienced by the patients during mobilisation (visual analogue
scale; median * interquartile range).

Variables Technique 1 Technique 2 Technique 3 Y4
Median QR Median (o]} Median QR

Stretch pain 3.00 7.00 1.00 5.00 3.00 6.00 0.407

Other pain 0.00 2.00 0.00 0.00 0.00 5.00 0.350

VAS, visual analogue scale — Friedman test.

an average increase of 6.82° (+ 9.20°) was noted whilst
after the two other techniques, PROM external rotation
decreased (scapular mobilisation —7.27 [+ 10.81]; angular
mobilisation —5.45° [+ 11.72]) (Figure 3). Pairwise comparison
with adjusted probabilities (Bonferroni correction) for this
variable is presented in Table 3. Significant differences could
be detected between the combined soft tissue mobilisation and
the scapular and angular mobilisation technique,respectively.
No significant difference could be detected between the
angular and scapular mobilisation. Besides, the other primary
and secondary outcome measures did not differ between the
different mobilisation techniques (Table 2 and Table 4).

Discussion

Preserving sufficient PROM of the hemiplegic shoulder
(Turner-Stokes & Jackson 2002) is a frequent therapeutic aim
especially in those patients after stroke who are confronted
with persistent arm paresis. A limited shoulder PROM will
not only hamper the daily activities of these patients
(Malhotra et al. 2011) (e.g. dressing, personal care, ...), but
will also increase the risk of developing HSP (Aras et al. 2004;
Lindgren et al. 2012; Lo et al. 2003; Pong et al. 2012) and
inhibit optimal muscle activation possibilities (Gray et al.
2012; Williams & Goldspink 1978). As such for patients with
restricted active movement abilities in the UL after stroke,
passive mobilisation is often used to preserve a PROM of the
shoulder that is sufficient to accomplish functional tasks.
Unfortunately, when passive exercises are performed with a
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lack of appropriate caution and apprehensiveness, the risk of
soft-tissue injuries increases, leading to a higher risk of
developing HSP (Hardwick & Lang 2011; Kumar et al. 1990).
To our knowledge, only a few studies regarding the
mobilisation of the hemiplegic shoulder are available.
Therefore, our randomised multiple treatment trial was
executed to investigate the effect of three different
mobilisation techniques on the PROM of the shoulder joint.

The most important result of our study was that participants
showed a significant increased passive shoulder external
rotation after the combined soft tissue mobilisation (technique
1; [+6.82° {+ 9.20}]), whilst a decreased PROM was noted after
the scapular mobilisation (technique 2; —7.27° [+10.81]) and
after the usual care angular glenohumeral mobilisation
(technique 3; +5.45° [+11.72]). Measuring PROM of the
hemiplegic arm has been shown to be reliable in patients
after stroke (De Jong et al. 2012). According to the study of De
Jongetal. (2012), an interobserver reliability with an intraclass
correlation coefficient (ICC) of 0.94 (0.91-0.96) was noted for
the PROM external rotation with a standard error of
measurement (SEM) of 5.9° and a smallest detectable
difference (SDD) of 16.3° over a period of 20 weeks. Our
study population resembles the study population of De Jong
et al. (2012) considering the time post stroke and the UL
recovery. However, the maximal time in-between
measurements in our study was only 4 weeks, implying that
there may be fewer confounding factors to affect the outcome.
Therefore, we may consider a mean change of 6.82° (+ 9.20) to
be areal difference because it is higher than the SEM indicated
by De Jong et al. (2012). Moreover, the average difference of
13° between the increase in PROM in external shoulder
rotation after technique 1 and the decreases after technique 2
and 3 approaches the SDD of 16.3°(De Jong et al. 2012).

As to our knowledge, there are no standard deviations
available for PROM goniometric measurements of the
shoulder in patients after stroke, so a priori power calculations
could not be performed. To assess the power and effect size
of the difference in PROM for external rotation between the
different techniques, a power analysis (g*power) was
conducted using the standard deviations of our own study.
This analysis showed a large effect size (f = 0.57) with a power
of 80% for the given sample size. Our results exceeded the
SEM and the SDD indicated by Cools et al. (2014). However,
this reliability study was conducted in healthy persons. For
the shoulder flexion and abduction, no significant differences
could be detected between the different techniques in our
study. Although there was no decrease of PROM shoulder
abduction after technique 1 compared to a distinct decrease
after the two other techniques (-8.18° after technique 2,
-6.82° after technique 3), these differences were not
significant. A possible explanation why only the combined
soft-tissue mobilisation demonstrated an effect on PROM
cannot be explained based on our results. One potential
hypothesis is that it is the only technique that influences the
capsular tightness of the joint, because during the scapular
mobilisation, no glenohumeral movements were allowed
and during the glenohumeral mobilisation in the frontal
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plane, capsular stretch will probably be inhibited by
hypertonic muscles. However, further research is necessary
to define the underlying mechanisms.

No significant differences were detected for shoulder pain
between the different techniques. The differences calculated
between the shoulder pain before and after the different
techniques were overall very low, which means that there
were no important changes in shoulder pain. Also, for the
other outcome parameters (spasticity, TIS, FMUE), no
significant differences could be detected. So, these variables
did not influence the differences in PROM outcome.

Finally, patients were also asked if they experienced any pain
during the mobilisations besides an eventual feeling of stretch
pain. Although the therapists were instructed to stay below
the pain threshold when observing pain (different from stretch
pain) in or around the shoulder joint during mobilisation,
some patients did report the presence of sharp pain. Even
though no significant differences could be detected between
the different techniques for both types of pain, patients did
experience more stretch pain relative to other pain types.

Some limitations of our study need to be addressed. Because
of the small sample size, the preliminary results described in
this manuscript must be interpreted with appropriate
reservation and need to be carefully addressed with respect to
generalisation to all patients after stroke. The patients included
in our study were in the subacute phase after stroke and
suffered a persistent arm paresis as indicated by a mean score
on the FMUE_SE of 7.45. However, if patients have better UL
function, indicated by a higher score on the FMUE, passive
mobilisation of the shoulder joint is less important as active
task-specific training would be preferred for these patients.
Because patients were in the subacute phase after stroke, it is
unlikely that their condition had reached a stable state.
However, as no difference could be detected in FMUE scores,
it is unlikely that the change in PROM for external rotation is
because of natural recovery. Not including a pure control
group can be interpreted as a shortcoming, but not treating
patients after stroke cannot be considered ethically acceptable.
The PROM of our study population was already restricted at
the start of the intervention. In future, studies comparing
mobilisation techniques starting from the first week after
stroke should be conducted. Finally, limitations in the use of a
VAS for pain in patients after stroke should be taken into
consideration. Because of sensory impairments, self-reported
pain is not always considered reliable in patients after stroke.
Unfortunately, as far as we know, there are no more objective
ways available to measure pain in patients after stroke.

Conclusions

Based on preliminary findings, it can be suggested that using
the combined soft-tissue mobilisation in patients in the
subacute phase after stroke who suffer persistent arm paresis
results in an increased PROM for external shoulder rotation.
After the other two interventions, a decrease of PROM for
this movement direction was noticed. As external rotation is
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an essential biomechanical component in the prevention of
HSP, combined soft-tissue mobilisation can be recommended.

Acknowledgements

The authors would like to thank the physiotherapists who
contributed to the study by performing the required techniques.

Competing interests

The authors declare that they have no financial or personal
relationships that may have inappropriately influenced them
in writing this article.

Authors’ contributions

All the authors contributed to the conceptualisation of the
study. A.v.B. was responsible for data collection. A.V.B, D.C.
and K.O contributed to statistical analysis and preparation of
the first draft of the article. M.M and A.C. edited the article.

Funding information

This study received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

Data availability

The data that support the findings of this study are available
on request from the corresponding author, A.v.B.

Disclaimer

The views and opinions expressed in this article are those of
the authors and do not necessarily reflect the official policy of
any affiliated agency of the authors.

References

Ada, L.P., Preston, E., Langhammer, B. & Canning, C., 2018, ‘Profile of upper limb
recovery and development of secondary impairments in patients after stroke
with a disabled upper limb: An observational study’, Physiotherapy Theory and
Practice 36(1), 196—202. https://doi.org/10.1080/09593985.2018.1482584

Aras, M.D., Gokkaya, N.K., Comert, D., Kaya, A. & Cakci, A., 2004, ‘Shoulder pain in
hemiplegia: Results from a national rehabilitation hospital in Turkey’, American
Journal of Physical Medicine & Rehabilitation 83(9), 713-719. https://doi.
org/10.1097/01.PHM.0000138739.18844.88

Barker, R.N., Gill, T.J. & Brauer, S.G., 2007, ,Factors contributing to upper limb recovery
after stroke: A survey of stroke survivors in Queensland Australia’, Disability and
Rehabilitation 29(13), 981-989. https://doi.org/10.1080/09638280500243570

Blennerhassett, J.M., Gyngell, K. & Crean, R., 2010, ‘Reduced active control and
passive range at the shoulder increase risk of shoulder pain during inpatient
rehabilitation post-stroke: An observational study’, Journal of Physiotheraphy
56(3), 195-199. https://doi.org/10.1016/51836-9553(10)70025-4

Bohannon, RW. & Smith, M.B., 1987, ‘Interrater reliability of a modified Ashworth
scale of muscle spasticity’, Physival Theraphy & Rehabilitation Journal 67(2),
206-207. https://doi.org/10.1093/ptj/67.2.206

Cools, A.M., De Wilde, L., Van Tongel, A., Ceyssens, C., Ryckewaert, R. & Cambier, D.C.,
2014, ‘Measuring shoulder external and internal rotation strength and range of
motion: Comprehensive intra-rater and inter-rater reliability study of several
testing protocols’, Journal of Shoulder and Elbow Surgery 23(10), 1454-1461.
https://doi.org/10.1016/].jse.2014.01.006

De Jong, L.D., Dijkstra, P.U., Stewart, R.E. & Postema, K., 2012, ‘Repeated
measurements of arm joint passive range of motion after stroke: Interobserver
reliability and sources of variation’, Physival Theraphy & Rehabilitation Journal
92(8), 1027-1035. https://doi.org/10.2522/ptj.20110280

De Jong, L.D., Van Wijck, F., Stewart, R.E., Geurts, A.C. & Dijkstra, P.U., 2017,
‘Content of conventional therapy for the severely affected arm during
subacute rehabilitation after stroke: An analysis of physiotherapy and
occupational therapy practice’, Physiotherapy Research International 23(1),
e1683. https://doi.org/10.1002/pri.1683



http://www.sajp.co.za
https://doi.org/10.1080/09593985.2018.1482584
https://doi.org/10.1097/01.PHM.0000138739.18844.88
https://doi.org/10.1097/01.PHM.0000138739.18844.88
https://doi.org/10.1080/09638280500243570
https://doi.org/10.1016/S1836-9553(10)70025-4
https://doi.org/10.1093/ptj/67.2.206
https://doi.org/10.1016/j.jse.2014.01.006
https://doi.org/10.2522/ptj.20110280
https://doi.org/10.1002/pri.1683

Duncan, PW., Propst, M. & Nelson, S.G., 1983, ‘Reliability of the Fugl-Meyer
assessment of sensorimotor recovery following cerebrovascular accident’,
Physical therapy 63, 1606—1610. https://doi.org/10.1093/ptj/63.10.1606

Gray, V., Rice, C.L. & Garland, S.J., 2012, ‘Factors that influence muscle weakness
following stroke and their clinical implications: A critical review’, Physiotherapy
Canada 64(4), 415-426. https://doi.org/10.3138/ptc.2011-03

Hardwick, D.D. & Lang, C.E., 2011, ‘Scapular and humeral movement patterns of
people with stroke during range-of-motion exercises’, Journal of Neurologic
Physical Therapy 35(1), 18-25. https://doi.org/10.1097/NPT.0b013e318208efal

Huang, Y.C., Liang, P.J., Pong, Y.P., Leong, C.P. & Tseng, C.H., 2010, ‘Physical findings
and sonography of hemiplegic shoulder in patients after acute stroke during
rehabilitation’, Journal of Rehabilitation Medicine 42(1), 21-26. https://doi.
org/10.2340/16501977-0488

Hunter, S.M., Crome, P., Sim, J. & Pomeroy, V.M., 2008, ‘Effects of mobilization and
tactile stimulation on recovery of the hemiplegic upper limb: A series of replicated
single-system studies’, Archives of Physical Medicine and Rehabilitation 89(10),
2003-2010. https://doi.org/10.1016/j.apmr.2008.03.016

Kumar, R., Metter, E.J., Mehta, A.J. & Chew, T., 1990, ‘Shoulder pain in hemiplegia. The
role of exercise’, American Journal of Physical Medicine & Rehabilitation 69(4),
205-208. https://doi.org/10.1097/00002060-199008000-00007

Lindgren, 1., Lexell, J., Jonsson, A.C. & Brogardh, C., 2012, ‘Left-sided hemiparesis, pain
frequency, and decreased passive shoulder range of abduction are predictors of
long-lasting poststroke shoulder pain’, PM&R 4(8), 561-568. https://doi.
org/10.1016/j.pmrj.2012.04.007

Lo, S.F.,, Chen, SY., Lin, H.C,, Jim, Y.F., Meng, N.H. & Kao, M.J., 2003, ,Arthrographic and
clinical findings in patients with hemiplegic shoulder pain’, Archives of Physical
Medlicine and Rehabilitation 84(12), 1786—1791. https://doi.org/10.1016/S0003-
9993(03)00408-8

Lynch, D., Ferraro, M., Krol, J., Trudell, C.M., Christos, P. & Volpe, B.T., 2005, ‘Continuous
passive motion improves shoulder joint integrity following stroke’, Clinical
Rehabilitation 19(6), 594-599. https://doi.org/10.1191/0269215505cr9010a

Malhotra, S., Pandyan, A.D., Rosewilliam, S., Roffe, C. & Hermens, H., 2011, ‘Spasticity
and contractures at the wrist after stroke: Time course of development and their
association with functional recovery of the upper limb’, Clinical Rehabilitation,
25(2), 184-191. https://doi.org/10.1177/0269215510381620

Murie-Fernandez, M., Carmona Iragui, M., Gnanakumar, V., Meyer, M., Foley, N. &
Teasell, R., 2012, ‘Painful hemiplegic shoulder in stroke patients: Causes and
management’, Neurologia 27(4), 234-244. https://doi.org/10.1016/j.nrleng.2012.
05.002

Page 7 of 7 . Original Research

Pain, L.A.M., Baker, R., Sohail, Q.Z., Hebert, D., Zabjek, K., Richardson, D. & Agur,
A.M.R., 2020, ‘The three-dimensional shoulder pain alignment (3D-SPA)
mobilization improves pain-free shoulder range, functional reach and sleep
following stroke: A pilot randomized control trial’, Disability and Rehabilitation
42(21), 3072-3083. https://doi.org/10.1080/09638288.2019.1585487

Pingel, J., Bartels, E.M. & Nielsen, J.B., 2017, ‘New perspectives on the development
of muscle contractures following central motor lesions’, Journal of Physiology
595(4), 1027-1038. https://doi.org/10.1113/JP272767

Pong, Y.P, Wang, LY., Huang, Y.C., Leong, C.P, Liaw, MY. & Chen, HY., 2012,
‘Sonography and physical findings in stroke patients with hemiplegic shoulders: A
longitudinal study’, Journal of Rehabilitation Medicine 44(7), 553-557. https://
doi.org/10.2340/16501977-0987

Poole, J. & Whitney, S., 1988, ‘Motor assessment scale for stroke patients: Concurrent
validity and interrater reliability’, Archives of Physical Medicine and Rehabilitation
69, 195-197.

Portney, L.G. & Watkins, M.P., 2009, Foundations of clinical research: Applications to
practice, Pearson/Prentice Hall, Upper Saddle River, NJ.

Sackley, C., Brittle, N., Patel, S., Ellins, J., Scott, M., Wright, C. et al., 2008, ‘The
prevalence of joint contractures, pressure sores, painful shoulder, other pain,
falls, and depression in the year after a severely disabling stroke’, Stroke 39(12),
3329-3334. https://doi.org/10.1161/STROKEAHA.108.518563

Turner-Stokes, L. & Jackson, D., 2002, ‘Shoulder pain after stroke: A review of the
evidence base to inform the development of an integrated care pathway’, Clinival
Rehabilitation 16(3), 276-298. https://doi.org/10.1191/0269215502cr4910a

Turner-Stokes, L. & Jackson, D., 2006, ‘Assessment of shoulder pain in hemiplegia:
Sensitivity of the ShoulderQ’, Disability and Rehabilitation 28(6), 389-395.
https://doi.org/10.1080/09638280500287692

Vasudevan, J.M. & Browne, B.J., 2014, ‘Hemiplegic shoulder pain: An approach to
diagnosis and management’, Physical Medicine and Rehabilitation Clinics of North
America 25(2), 411-437. https://doi.org/10.1016/j.pmr.2014.01.010

Verheyden, G., Nieuwboer, A., Mertin, J., Preger, R., Kiekens, C. & De Weerdt, W.,
2004, ‘The trunk impairment scale: A new tool to measure motor impairment of
the trunk after stroke’, Clinical Rehabilitation 18(3), 326-334. https://doi.
0rg/10.1191/0269215504cr7330a

Williams, P.E. & Goldspink, G., 1978, ‘Changes in sarcomere length and physiological
properties in immobilized muscle’, Journal of Anatomy 127(Pt 3), 459-468.

Yang, J.L., Chang, C.W., Chen, S.Y., Wang, S.F. & Lin, J.J., 2007, ‘Mobilization techniques
in subjects with frozen shoulder syndrome: Randomized multiple-treatment trial’,
Physical Theraphy 87(10), 1307-1315. https://doi.org/10.2522/ptj.20060295

http://www.sajp.co.za . Open Access



http://www.sajp.co.za
https://doi.org/10.1093/ptj/63.10.1606
https://doi.org/10.3138/ptc.2011-03
https://doi.org/10.1097/NPT.0b013e318208efa1
https://doi.org/10.2340/16501977-0488
https://doi.org/10.2340/16501977-0488
https://doi.org/10.1016/j.apmr.2008.03.016
https://doi.org/10.1097/00002060-199008000-00007
https://doi.org/10.1016/j.pmrj.2012.04.007
https://doi.org/10.1016/j.pmrj.2012.04.007
https://doi.org/10.1016/S0003-9993(03)00408-8
https://doi.org/10.1016/S0003-9993(03)00408-8
https://doi.org/10.1191/0269215505cr901oa
https://doi.org/10.1177/0269215510381620
https://doi.org/10.1016/j.nrleng.2012.05.002
https://doi.org/10.1016/j.nrleng.2012.05.002
https://doi.org/10.1080/09638288.2019.1585487
https://doi.org/10.1113/JP272767
https://doi.org/10.2340/16501977-0987
https://doi.org/10.2340/16501977-0987
https://doi.org/10.1161/STROKEAHA.108.518563
https://doi.org/10.1191/0269215502cr491oa
https://doi.org/10.1080/09638280500287692
https://doi.org/10.1016/j.pmr.2014.01.010
https://doi.org/10.1191/0269215504cr733oa
https://doi.org/10.1191/0269215504cr733oa
https://doi.org/10.2522/ptj.20060295

	Passive mobilisation of the shoulder in subacute stroke patients with persistent arm paresis: A randomised multiple treatment trial
	Introduction
	Method
	Intervention 
	Data collection
	Data analysis
	Ethical considerations

	Results
	Discussion
	Conclusions
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability 
	Disclaimer

	References

	Figures
	FIGURE 1: Flowchart of study sample.
	FIGURE 2: Transversal stretch of the pectoralis major (a) and biceps muscle (b) during the combine
	FIGURE 3: Average change in passive range of motion for the shoulder for each technique (°).

	Tables
	TABLE 1: Demographic data and baseline variables (median [interquartile range]) at the start of the intervention (week 0) (n = 11).
	TABLE 2: Medians and interquartile ranges at baseline and changes in primary and secondary outcome parameters (medians and interquartile ranges) for each intervention period (n = 11).
	TABLE 3: Pairwise comparison of the change in prom for external rotation.
	TABLE 4: Pain experienced by the patients during mobilisation (visual analogue scale; median ± interquartile range).


