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Abstract

Background and aims: Poststroke shoulder pain is a common complication. VWe aimed to investigate the prevalence
of poststroke shoulder pain, with attention to the neuropathic component, and the relationship between
poststroke shoulder pain and upper limb improvement in motor function, strength, disability, and quality of life after
upper limb rehabilitation.

Methods: This is a secondary analysis of a multicenter randomized controlled trial to compare upper limb conventional
or robotic rehabilitation on 224 patients enrolled in eight rehabilitation centers. We assessed poststroke shoulder
pain (using the Numerical Rating Scale and the Douleur Neuropathique 4), and upper limb motor function, strength,
disability, and quality of life at baseline (T0), after 30 rehabilitation sessions (TI), and three months after the end of
rehabilitation (T2).

Results: A moderate/severe poststroke shoulder pain was reported by 28.9% of patients, while 19.6% of them showed a
neuropathic component. At TO, the intensity of pain was higher in women and in patients with neglect syndrome,
positively correlated with the time since stroke and disability and negatively correlated with motor function, strength,
and the physical aspects of the quality of life.

Moderate/severe pain and neuropathic component significantly reduced after both treatments and this reduction was
maintained at T2. Finally, the intensity of pain at baseline was negatively correlated with the improvement of upper limb
motor function.

Conclusions: Poststroke shoulder pain negatively impact on motor performance, strength, disability, and physical
aspects of the quality of life as well as on upper limb motor recovery; however, it can be reduced after a robotic or
a conventional rehabilitation. Therefore, we suggest considering poststroke shoulder pain when planning the rehabili-
tation intervention.
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Introduction

Poststroke shoulder pain (PSSP) is a common compli- .
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cation.! Data reported on PSSP prevalence are hetero-
geneous due to different methodologies (recruitment
criteria, latency from stroke, severity of paresis and
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assessment tools). A review reported an average rate of
22-23% in global stroke survivors, but also of 54-55%
in selected stroke populations undergoing rehabilita-
tion treatment.”> The exact PSSP pathophysiology is
largely unclear.®* Generally, the frequency of PSSP
increases with time,’ being 17, 20, and 27% at one
week, one month, and six months, respectively.

PSSP can have negative impacts on rehabilitation
outcomes and health-related quality of life (QoL).®™®
Chae et al.” showed that the PSSP is a negative prog-
nostic factor on functional recovery, being associated
with increased length of hospital stay and reduction
in patients’ QoL; Aprile et al.'” reported a negative
influence of the poststroke pain on the rehabilitation
program. However, to date, there are few data about
the influence of PSSP on upper limb recovery after
rehabilitation. A recent study showed that a shoulder
rehabilitation robot as an adjuvant therapy can
improve hemiplegic shoulder pain'' but, to the best of
our knowledge, other data on the effect of the robotic
upper limb rehabilitation on PSSP are not available.

Aims

This study aims to: (a) evaluate the prevalence and
the characteristics of PSSP (including the neuropathic
component) in a wide sample of subacute stroke
patients undergoing upper limb conventional or robotic
rehabilitation and (b) analyze the correlations between
PSSP and the outcomes of the rehabilitation, in terms
of motor function, strength, and QoL.

Methods
Study design and setting

This is a retrospective analysis focused on pain preva-
lence; characteristics; and the associations between
PSSP and upper limb motor function, strength, and
QoL improvement, in a cohort of patients undergoing
a rehabilitation intervention. This is a secondary ana-
lysis of a multicenter randomized controlled trial,'?
approved by our institutional ethics committee
(FDG_6.4.2016) and registered at clinicaltrials.gov
(NCTO02879279). All participants gave informed con-
sent according to the Declaration of Helsinki.

Participants

Inclusion criteria were: (1) a first-ever stroke (cerebral
infarction or hemorrhage), confirmed by CT or MRI;
(2) a time since stroke ranging from 14 to 180 days; (3)
age between 40 and 85 years; (4) cognitive and language
abilities sufficient to follow instructions. Exclusion cri-
teria were: (1) upper extremity Fugl-Meyer score >58;

(2) behavioral and cognitive disorders and/or reduced
compliance that would interfere with active therapy; (3)
fixed contraction deformity in the affected limb that
would interfere with active therapy (ankylosis,
Modified Ashworth Scale =4); (4) inability to discrim-
inate distinctly the images shown on a 22 monitor
placed at the eye level of each subject at a distance of
about 50 cm, even with corrective glasses.

Treatment

Patients were randomized to the robotic group (RG) or
the conventional group (CG).

In the RG, patients were treated with a set of robotic
and sensor-based devices (Motore, Humanware;
and Amadeo, Diego, and Pablo, from Tyromotion
(Figure 1))'%; while in the CG, the treatment focused
on sensory stimulation, stretching, passive mobiliza-
tions, functional training, and task practice. In both
groups, the treatment was performed daily for 45 min,
five days a week, for 30 sessions. Patients underwent a
comprehensive rehabilitation program including indi-
vidual conventional physiotherapy (six times/week),
lasting 45min, focused on lower limbs, sitting and
standing training, balance, and walking. During this
additional comprehensive treatment, therapists were
instructed not to give additional upper limb therapy.
More details on the treatments were previously
reported.'?

Assessment

Patients were assessed with the following clinical scales:
the Fugl-Meyer Assessment for Upper Extremity, to
evaluate motor function'®; the Motricity Index, to
evaluate muscle strengthls; the Modified Barthel
Index, to evaluate activities of daily living and mobil-
ity'®; and the 36-Item Short Form Health Survey
(SF-36), to assess QoL, using the two sub-scores, i.c.
the Physical Composite Score and the Mental
Composite Score.'’

To evaluate PSSP, we used the Numerical Rating
Scale (NRS), a unidimensional measure of pain intensity
to diagnose and quantify pain in adults, in which a
respondent selects a number from 0 (no pain) to 10
(extreme pain) that best reflects the intensity of his/her
pain.'® A score between 1 and 4 was categorized as “mild
pain/influence”, from 5 to 6 as “moderate pain/influ-
ence” and a score equal to or higher than 7 as “‘severe
pain/influence” (Figure 2). This cutoff point (CP)
scheme, i.e. the CP44 scheme (where 4 and 6 are the
upper limits of moderate and mild categories, respect-
ively) was suggested by several authors.'” % Finally, we
used the Douleur Neuropathique 4 (DN4)*** to diag-
nose neuropathic pain. It ranges from 0 to 10, and a
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Figure |. Set of robotic and sensor-based devices. (a) Amadeo (Tyromotion); (b) Diego (Tyromotion); (c) Motore (Humanware);
and (d) Pablo (Tyromotion).

score equal or higher than 4 means a neuropathic origin
of pain. According to the DN4 scores, patients were
categorized as DN4 + (>=4) or DN4— (<4).

To verify that shoulder pain was caused by the
stroke, patients were asked if it had occurred after the
stroke. In the case of a positive answer, pain was cate-
gorized as “PSSP.”

Regarding the pharmacological treatment when the
NRS score was between 1 and 4, pain was first treated
with paracetamol (acetaminophen), in case of no recent
use with an adequate dose. In case of treatment failure,
patients switched to a nonsteroidal anti-inflammatory
drug (NSAID) and eventually to a second NSAID
when the NRS score was from 5 to 6; when the
score was higher than 7 pain was treated with opi-
0ids*¢ for a short time (<15 days). For patients
who complained of neuropathic pain, antiepileptics or

SNRI antidepressants were used as suggested by the
literature data.”” *

Timing of the evaluations

Patients were evaluated at baseline (T0), after the con-
ventional or robotic rehabilitation treatment (T1) and
three months after the end of the treatment (T2).

Statistical analysis

Descriptive statistics were used to report the prevalence
and the distribution of PSSP. To evaluate the relation-
ships between pain at baseline and demographic and
clinical characteristics, we used the Mann—Whitney U
test, or the Spearman’s rank correlation coefficient, as
appropriate.

International Journal of Stroke, 0(0)




International Journal of Stroke 0(0)

Figure 2. Classification of pain severity, according to the Numerical Rating Scale (NRS).
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To compare the evolution of pain in the robotic and
the conventional rehabilitation group, we used a mixed
Anova test, with group as between-subject factor and
time (three levels: TO, T1, and T2) as within-subject
factor. When appropriate, we performed pairwise com-
parisons, with a Bonferroni correction for multiple test-
ing. The same analysis was conducted also considering
patients with a clinically more relevant (NRS>5) or
less relevant (NRS < 5) pain, separately.

Finally, to study the relationships between PSSP and
the effects of the rehabilitation intervention, we ana-
lyzed the correlation between the changes from baseline
of all the investigated outcome measures and the NRS
at baseline.

All the above-mentioned analyses were conducted
on both the whole sample of patients and in patients
with a DN4 score equal or higher than 4 (DN4+),
to evaluate the impact of the neuropathic component
on rehabilitation. A p value lower than 0.05 was
considered significant. Statistical analysis was per-
formed using SPSS (version 25) and GraphPad Prism
(version 8).

Results

A sample of 224 consecutive patients with subacute
stroke was enrolled in eight different rehabilitation cen-
ters of our Institution; 84.8% of these patients (190
patients) were evaluated after a rehabilitation treatment
and 54.5% (122 patients) three months after the end of
the treatment. The low rate of subjects at T2 was due to
the fact they lived too far away from the rehabilitation

department, or did not have anyone who could assist
them in getting to the department, and was unrelated to
adverse events or dissatisfaction with the type of treat-
ment received. Comparing the baseline characteristics
of patients with a T2 evaluation, with those who did
not return to the rehabilitation center, we found that
the only significant difference was a higher mean age of
patients who dropped the follow-up evaluation, com-
pared with the ones who did not (mean difference:
3.5+ 1.5 years, p=0.007).

Baseline assessment

Demographic, clinical characteristics, and baseline out-
come assessment of the sample are shown in Table 1.

The prevalence of pain is reported in Figure 3. PSSP
(NRS > 0) was present in 141 cases (62.9%). In particu-
lar, the intensity of PSSP was mild (NRS between 1 and
4) in 76 cases ( 33.9%), moderate (NRS between 5 and
6) in 38 cases (17.0%), and severe (NRS > 7) in 27 cases
(12.1%). A DN4 score equal to or higher than 4 was
detected in 44 cases (19.6% of the whole sample).

Pain severity was higher in women (p <0.001), and
in patients with unilateral spatial neglect (p=0.014),
while no relationships between pain and stroke etiology
(hemorrhagic vs. ischemic) or language impairment
were found (Table 2). Pain was higher in women also
when considering only patients with a neuropathic
component (p =0.008).

The correlation analysis between baseline demo-
graphic/clinical variables and pain is shown in
Table 3. In the whole group of patients, PSSP was
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Table |. Baseline characteristics of the sample (N =224)

Age (years) 69.0 (11.2)

127 (56.7%)

Index stroke type

Hemorrhagic 59 (26.3%)

Lacunar stroke 24 (14.5%)

Total anterior circulation stroke 17 (10.3%)

Affected side

Lefc 118 (52.7%)

Neglect syndrome 46 (20.5%)

NRS 2.7 2.8)

DN4 > 4 44 (19.6%)

Upper extremity Motricity Index 354 (28.2)

SF36—Physical Composite Score 28.3 (7.0)

DN4: Douleur Neuropathique 4; NRS: Numerical Rating Scale.
Non-categorical values are expressed as mean (SD). Categorical values
are expressed as n (%).

significantly associated with the elapsed period since the
stroke, with an increase of pain intensity as the time
since stroke increases (r=0.173, p=0.010), but not
with age. Moreover, higher pain intensity was related
to worse upper limb motor functions and strength,
higher disability, and a lower QoL (physical aspects).

Figure 3. Prevalence of pain in the investigated sample of
subacute stroke patients, according to the Numerical Rating
Scale (NRS). A score between | and 4 on NRS was cate-
gorized as “mild,” a score from 5 to 6 was categorized as

“moderate” and a score equal to or higher than 7 as “severe
pain.” For each pain category, the areas with black lines
represent the percentage of patients with a neuropathic
component (DN4 score equal to or higher than 4).

Total=224

Considering only DN4 + patients, no significant correl-
ations were found.

Concerning the rehabilitation treatment, pain at
baseline in the two groups was similar (conventional:
2.6 +2.7; robotic: 2.8 +2.9; p=0.653).

The evolution of pain intensity in the two groups
is depicted in Figure 4. The interaction factor time x
group was never significant, neither considering the
whole sample (N =121, p=0.961), nor in the subgroup
analysis (NRS < 5: N=288, p=0.987; NRS > 5: N=33,
p=0.746; DN4+: N=27, p=0.977). Concerning the
main effect of time, no differences were detected for
NRS average scores (p=0.816). However, considering
patients with or without a clinically significant pain
separately (i.e., with NRS>5 and NRS <5, respect-
ively), we obtained different results. Specifically,
patients with mild or lower pain intensity at baseline
increased their pain intensity (p=0.004), but this
increase was lower than the minimal clinically impor-
tant difference (MCID) of the scale (2 points®), while
patients with higher pain at baseline (NRS > 5) showed
a clinically relevant reduction of pain over time
(p <0.001). Post hoc analysis showed that, in both sub-
groups, pain significantly changed at the end of the
treatment and follow-up, when compared with the
baseline value; on the contrary, no differences were
detected between T1 and T2. Similarly, considering
only DN4 + patients, we observed a similar trend
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Table 2. Comparison of the Numerical Rating Scale (NRS) values between clinical and demographic groups, in the whole sample,
and in patients with neuropathic components (DN4+)

Whole sample (N=224) DN4+ (N =44)

M (SD)

Sex

Woman 3.5 (3.0) 6.1 (2.6)

Ischemic 2.8 (2.7) 0.534 53 (2.5 0.538

Affected side

Lefe 3.1 3.0 5.4 (27)

28 (22) 0.369 4.1 (1.6) 0.179

Neglect syndrome

No 2.4 (2.6) 47 (2.2)

Boldface values indicate a statistically significant difference (p < 0.05).

Table 3. Correlations between numerical demographic/clinical variables and pain at baseline

Whole sample DN4 + patients
(N=224) (N=44)
NRS+o NRS+o
0.083 (0.215) 0.236 (0.123)
Fugl-Meyer assessment —0.206 (0.002) —0.063 (0.686)
Modified Barthel Index —0.242 (<0.001) —0.113 (0.465)
Mental Composite Score —0.047 (0.487) —0.044 (0.785)

DN4: Douleur Neuropathique 4; NRS: Numerical Rating Scale.
The Spearman rank correlation coefficients (p values) are reported. Boldface values indicate statistically significant correlations
(p <0.05).

International Journal of Stroke, 0(0)
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Figure 4. (al, a2, and a3) Evolution of pain in the two rehabilitation groups, according to the Numerical Rating Scale (NRS). (b)
Evolution of the Douleur Neuropathique 4 (DN4) scores in patients with (DN4 > 4) or without (DN4 < 4) a neuropathic
component at baseline. The time points are the baseline (TO0), after 30 conventional or robotic rehabilitation sessions (T1), and

three months after the end of rehabilitation (T2). Statistical analysis showed that both pain scores evolved similarly in the two

groups. The asterisks indicate a significant difference between time points, as shown by the post hoc tests (*p < 0.05;

5 < 0.001).
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(p=0.064). Note that patients with neuropathic com-
ponent (N=27) showed a resolution of component
after treatment passing from the DN4 + to the DN4—
group (Figure 4).

Finally, as reported in Table 4, we found that pain
intensity at baseline was inversely correlated with the
improvement in the upper limb motor function, as mea-
sured by the change from baseline of the FMA
(r=-0.172, p=0.018); on the contrary, when consider-
ing only patients with a DN4 score > 4, pain at baseline
was uncorrelated with the improvements obtained after
the treatment.

Discussion

The current study shows that PSSP impacts upper limb
motor functions, disability, and QoL, as well as on

functional recovery, but it can be reduced after a
rehabilitation intervention.

In the current study, we focused on PSSP in a cohort
of subacute poststroke patients undergoing upper limb
rehabilitation, and we found that about 30% of them
complained of PSSP from moderate to severe and
about 20% presented symptoms of neuropathic pain.
Other authors reporting on PSSP found higher percent-
ages of PSSP among stroke patients in rehabilitation
settings. In a review, Kalichman and Ratmansky’
observed PSSP in about 55% of patients, but the
authors stressed the strong association between the
elapsed period since the stroke and the PSSP.
Therefore, the difference with these data can be
explained since we have focused on a homogeneous
population with a specific time since stroke. Our data
confirmed previous data showing that about 30% of
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Table 4. Correlations between clinical improvement after the
treatment and pain at baseline

Whole sample
(N=190)

DN4 + patients
(N=38)

NRS+o NRS+o

AFMA —0.172 (0.018) —0.060 (0.720)

AmBI —0.08 (0.270) 0.086 (0.607)

AMCS —0.005 (0.951) —0.032 (0.855)

DN4: Douleur Neuropathique 4; FMA: Fugl-Meyer assessment; mBI:
modified Barthel Index; MCS: Mental Composite Score; MI: Motricity
Index; NRS: Numerical Rating Scale; PCS: Physical Composite Score.
The Spearman rank correlation coefficients (p values) are reported.
Boldface values indicate statistically significant correlations (p < 0.05).

patients complained of PSSP within six months from
stroke.” Neuropathic pain is defined by the
International Association for the Study of Pain
(IASP) as ““pain caused by a lesion or disease of the
somatosensory nervous system.”?' It can be a conse-
quence of either a peripheral lesion or disease, as in
diabetes, or a central lesion or disease (as in stroke).*?
Some pathophysiological mechanisms have been
hypothesized for central pain; among those, a central
sensitization, alterations in spinothalamic tract func-
tion, disinhibition theories, or thalamic changes can
be listed.™

To the best of our knowledge, few studies reported
that pain can be different between women and men
after stroke and it should be considered in the manage-
ment of the PSSP, nevertheless it is well known that sex
differences in pain exist. According to the review of
Bartley and Fillingim,** an interaction of biological
(influence of sex hormones, sex-related cortical differ-
ences during the processing of pain-related stimuli, dif-
ferences in the endogenous opioid system, and
interaction between genotype and sex), as well as psy-
chological and sociocultural factors, likely contribute
to these differences.

Interesting is the result of the higher prevalence of
PSSP in patients with neglect syndrome. Neglect syn-
drome is characterized by reduced awareness of stimuli
on one side of space and the body (left side).* The
relationship between neglect syndrome and pain is con-
troversial. Our results are in agreement with those of
Sobrinho et al.*® Conversely, Ratmansky et al.*” found
that neglect can attenuate pain perception. Finally,
Blennerhassett et al.>® or Poulin de Courval et al.*
did not find a relationship between neglect syndrome
and pain. A potential explanation for these conflicting

findings is the mean time poststroke of our sample, in
fact in our study it was about one month longer than
that of the sample analyzed by Blennerhassett et al.
Indeed, it is known that the prevalence of pain increases
with time post stroke. Analyzing the PSSP, Niessen
et al.* found a relationship between shoulder proprio-
ception, kinematics, and pain. In our previous study,
we showed the strong relationship between neuropathic
pain and sensory impairment: patients with hypoesthe-
sia showed a significantly higher NPSI and DN4 score
than patients with normal sensory function.'
Unfortunately, in the current study, we did not assess
the sensory impairment because the study aimed to
evaluate the effect of rehabilitation on pain, motor,
and functional upper limb recovery as well as on
pain, disability, and QoL. It is also known that pain
intensity is mainly encoded in the primary somatosen-
sory cortex.*' Moreover, according to Kenntner-
Mabiala and Pauli,*? the primary somatosensory
cortex is involved in attention-related pain modula-
tions. Patients with neglect show a left primary somato-
sensory cortex damage with reduced attention for the
paretic side that, according to the above-mentioned
findings, could explain for the relationship between
neglect and pain, but further studies on the topic are
needed. Summing up these results, we believe that the
relationship between hemispatial neglect and PSSP
deserves further investigations.

As expected, pain intensity at baseline was asso-
ciated with lower upper limb motor function, higher
disability, and lower QOL.' No similar relationship
was observed between neuropathic pain component
and function, disability, and QoL at baseline.

It is interesting to observe as PSSP (when moderate
or severe) and neuropathic pain improved after a
rehabilitation program (either robotic or conventional)
and this improvement was maintained in the short-term
follow-up.

The results on the effects of robotic therapy on pain
in subacute stroke are controversial. Abdullah et al. did
not observe changes in pain in subacute stroke patients
who underwent robotic therapy,** while other authors
found a significant reduction of pain in a sample of
acute stroke recruited within one month from stroke
and underwent upper limb robotic device.***> Only a
recent study compared robotic with conventional ther-
apy to treat pain after stroke'' but, in contrast to what
was found by Kim et al., we did not evidence better
results, in terms of pain reduction, in the RG, when
compared to the CG. However, it is worthy to note
that in the work of Kim et al., the robotic intervention
was expressly aimed at reducing pain, using a prototype
robot performing joint mobilization and stretching
exercises (i.e., only passive mobilisation) in a single
degree of freedom of the shoulder (abduction
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movement). Finally, an important finding of our study
is that the recovery during rehabilitation is negatively
influenced by PSSP at baseline. In particular, when we
analyzed the impact of pain on recovery, we found that
pain intensity at baseline was inversely correlated with
the improvement of upper limb motor function, as mea-
sured by the Fugl-Meyer assessment. These results sup-
port the hypothesis that PSSP has an impact on the
rehabilitation outcomes in patients with stroke and,
therefore, should be considered when planning the
rehabilitation intervention.

This study has potential limitations. First, the use of
a self-report measurement scale to assess pain that
could lead to a bias, because of the unblinding of
patients to their treatment allocation (as usual in
rehabilitation clinical trial), and the possible variation
in when pain was assessed. Moreover, the use of the
DN4 scale that does not allow to discriminate central
and peripheral sources of neuropathic pain as well as
the lack of information about the number of patients
with potential central sources of pain (as internal cap-
sule stroke, thalamic stroke, or medullary stroke). In
addition, the lack of information about fluctuations in
patients’ compliance with pain medication or doses
given. Finally, the high number of dropouts at follow
up (three months after the end of the treatment).

Nevertheless, our study confirms the hypothesis that
pain in patients with stroke negatively influences the
rehabilitation program, suggesting that pain can
reduce the ability of patients to reach their maximum
functional potential after stroke.
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