
HIGHLIGHTS

• Pain severity correlated strongly with pain interference after stroke.
• Motor recovery related to functional independence, grip strength, and spasticity.
• Time since stroke and stroke type significantly influenced outcomes.
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ABSTRACT

Shoulder pain is a frequent complication after stroke, often associated with reduced arm 
function, decreased independence, and poorer quality of life. This study aimed to investigate 
the relationship between post-stroke shoulder pain, motor performance, functional outcomes, 
and spasticity to provide clinically relevant evidence for rehabilitation. We conducted an 
observational study including individuals who had experienced a stroke and were undergoing 
neurorehabilitation. Pain severity and its interference with daily activities were measured 
through structured clinical evaluation. Motor outcomes were assessed with standardized 
functional and strength tests, and spasticity was measured using a validated clinical scale. 
Sociodemographic and clinical variables, including time since stroke and stroke type, were 
also collected. The mean pain severity score was 4.82 (standard deviation 1.72). Pain severity 
correlated strongly with pain interference, although neither was significantly associated with 
motor or functional performance. Motor and functional variables were interrelated: motor 
recovery scores correlated positively with functional independence and grip strength, and 
negatively with spasticity. Time since stroke influenced outcomes, with poorer motor and 
functional results in participants more than two years post-event. Stroke type influenced pain, 
with greater interference reported in patients with ischemic stroke. No significant differences 
were observed between sexes. These findings highlight the multifactorial nature of shoulder 
pain after stroke and emphasize the importance of early and individualized rehabilitation 
strategies. Addressing pain, spasticity, and functional limitations together may improve long-
term outcomes and quality of life for individuals living with the consequences of stroke.
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INTRODUCTION

Stroke is the second leading cause of death and the third leading cause of disability 
worldwide [1-3]. Considered as one of the most prominent causes of long-term disability, 
stroke can impair any body system depending on the vascular territory of the brain that is 
affected [4]. These impairments can lead to severe problems in functionality that reflects in 
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daily participation of different areas of occupation, including activities of daily living (ADLs), 
instrumental ADLs, health management, work, leisure and social participation [5].

Pain is associated with increased disability, poorer health outcomes and reduced quality 
of life [6]. In addition to causing immediate and significant effects on an individual’s 
functionality and independence, stroke can also induce pain syndromes, that can hinder 
recovery and negatively impact functional outcomes [6].

Shoulder pain is reported in approximately 50% to 80% of individuals with post-stroke 
sequelae, typically emerging within two to three months after the event [7-9]. Its origin may 
be central, such as thalamic pain due to impaired inhibitory mechanisms, or peripheral, 
arising from local musculoskeletal factors [8].

The etiology of post-stroke shoulder pain is multifactorial and often interrelated, involving 
both neurological and mechanical factors [10]. These factors can lead to a series of 
musculoskeletal conditions such as shoulder subluxation, frozen shoulder or adhesive 
capsulitis, bursitis, tone disorders and therefore postural changes, rotator cuff abnormalities 
and biceps tendinitis [11,12]. Research shows that tone disorders like lower tone have a high 
incidence of shoulder subluxation and increased tone can lead to higher muscular tension 
and contractures [13].

Given this complexity, rehabilitation approaches cannot be limited to a single area of 
intervention [14]. Shoulder pain after stroke has been identified as a predictor of poorer 
outcomes in variables such as motor rehabilitation, functionality, depression and quality of 
life [14].

This study aims to analyze the impact of shoulder pain in upper limb functionality, in 
individuals post stroke. Therefore, examining the perceived shoulder pain and parameters 
such as function in daily life, function of the upper limb, motor function, manual force and 
hand dexterity.

MATERIALS AND METHODS

Study design
This study is an observational quantitative cross-sectional, with a non-probabilistic 
convenience sampling method [15,16]. It was approved by the ethics committee of E2S, 
Polytechnic of Porto with the number of registration CE0006F. Furthermore, it was approved 
by written by the Director and the Head Coordinator of the Rehabilitation Department in 
which the study took place.

Participants
The sample comprises patients attending, the physical medicine and rehabilitation 
department in north of Portugal, in ambulatory setting. The subjects were selected according 
to predefined inclusion and exclusion criteria [17]. The inclusion criteria comprised 
individuals with a history of stroke, of any type and location, over 18 years old and capable 
of giving informed consent, with shoulder pain at the hemiplegic side. The exclusion criteria 
included the presence of a diagnosis of global aphasia, Neglect, agnosia, somatosensorial 
deficits and the presence of shoulder pain prior to the stroke.
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After the selection process, the participants signed an informed consent form based on the 
Declaration of Helsinki [18], to ensure that the will and rights of those involved in the study 
were respected and that they were fully aware of the information relevant to their voluntary 
decision to participate. The document also guaranteed the privacy and confidentiality of both 
the study and the data collected [18]. Participants were informed that they could refuse their 
participation and the use of their data at any time without repercussions. The data was stored in 
an encrypted excel file, where each participant's information remain anonymous and protected. 
An alphanumeric code was assigned to each participant for data processing purposes.

Data sources/measurements
Data collection was carried out by the responsible researcher at a single time point, with the 
application of a protocol that included:

The sociodemographic questionnaire was designed to collect information on the participants' 
sociodemographic variables, such as age, gender, civil and professional status, as well as 
their clinical history, with information regarding the stroke, personal history and therapeutic 
intervention. The Modified Ashworth Scale (MAS) to assess muscle tone, with a 0 to 4 scale 
point including 1+ to increase sensitivity [19]. The inter and intra-reliability of MAS ranges 
from moderate to high in general, with better results in the upper limbs, which means that it 
is a reliable measure [20,21]. The Brief Pain Inventory is a questionnaire used to assess pain 
severity and how pain interference with daily activities. It includes items rated from 0 to 10 
[22,23]. It shows good reliability (r = 0.8) and high internal consistency, with Cronbach’s 
alpha ranging from 0.81–0.89 for severity and 0.88–0.95 for interference [22]. The Functional 
Independence Measure (FIM) is a standardized instrument used in rehabilitation to 
quantify functional independence [24-26]. It consists of 18 items scored on a 7-point scale 
(1 = total assistance, 7 = complete independence), with total scores ranging from 18 to 126 
and is administered via direct observation or structured interview [24-26]. The Fugl-Meyer 
Assessment of Upper Extremity (FMA-UE) is a widely recommended tool for evaluating 
sensorimotor function post-stroke [27]. It includes 33 items across four subscales, each scored 
on a 3-point ordinal scale (0–2), with a maximum score of 66 [27]. Higher scores indicate better 
motor function. The FMA-UE demonstrates excellent reliability, validity, and responsiveness 
[27]. Maximal grip strength was assessed using the digital Jamar hand dynamometer, a gold-
standard device for measuring isometric grip force [28,29]. Participants were positioned with 
the elbow at 90°, forearm neutral, and wrist extended 0–30° [29]. Three trials were conducted 
per hand, with the mean used for analysis. The device shows excellent intra-rater reliability 
(ICC > 0.95) and internal consistency (α > 0.95) [29]. The Jebsen-Taylor Hand Function Test 
(JTHFT) is a standardized tool for assessing manual dexterity in daily activities [30]. It includes 
seven timed tasks simulating ADLs such as writing and object manipulation [30]. The test 
shows strong internal consistency (α ≥ 0.92), and good validity compared to other upper limb 
motor function measures in post-stroke adults [30]. The Box and Block Test (BBT) is a valid and 
reliable tool for assessing manual dexterity [31]. Participants move as many blocks as possible, 
one at a time, from one compartment to another within 1 minute, using each hand separately, 
with the total number of transferred blocks reflecting hand function [31]. The BBT is widely 
used to monitor motor recovery in both clinical and research settings [31].

To minimize potential sources of bias in the data, the protocol was standardized for 
all participants, using assessment instruments validated for the study population. 
The procedures were consistently applied in the same environment, strictly adhering to the 
specific instructions of each instrument.
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Statistical analysis
Variables included shoulder pain severity and interference, muscle tone, hand strength, and 
manual dexterity as determinants of upper limb functionality. Non-modifiable factors (age, 
sex, time since stroke, stroke type, lesion side), vascular risk factors, and sociodemographic 
characteristics were also considered for contextual interpretation. Age, functional and motor 
scores, increased muscle tone and pain measures were analyzed as continuous variables. 
Time since stroke (≤ 2 vs. > 2 years), stroke type (ischemic vs. hemorrhagic) and sex (male vs. 
female) were grouped for clinical interpretability.

Statistical analyses were performed using SPSS version 29 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics summarized sample characteristics. The Shapiro-Wilk tests were 
applied to assess the normality of quantitative variables. Between-group differences were 
analyzed using the Mann–Whitney U test. Correlations between pain, motor, and functional 
measures were examined using Spearman’s rho coefficient. For correlation analyses, effect 
sizes (Spearman’s rho) are presented together with 95% confidence intervals (CIs) calculated 
using Fisher’s z transformation. For non-parametric group comparisons, median differences 
with 95% CIs are reported for statistically significant results. Statistical significance 
was p < 0.05 [16].

RESULTS

Of the 44 patients screened for eligibility, 15 were excluded for not meeting inclusion criteria 
(Fig. 1). Thus, 29 patients were included in the final analysis in which consists in most men, 
with a mean age of 58,7 years. There were more participants with stroke with more than two 
years, more with ischemic stroke and more with the non-dominant hand affected, according 
to the data in Table 1.

Regarding risk factors, the most reported was hypertension and a sedentary lifestyle (Table 2).

Examining the data on Table 3, the mean FIM score was 113.3 (standard deviation [SD] = 16.2), 
indicating moderate functional independence. Upper limb motor function assessed by the 
FMA-UE had a mean score of 41.4 (SD = 16.4), meanwhile pain severity had a mean value of 
4.82 (SD = 1.72) and pain interference averaged 4.43 (SD = 2.19). Dexterity in the affected hand 
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Excluded (n = 15)
- Global aphasia (n = 5)
- Neglect (n = 3)
- Pre-stroke shoulder pain (n = 3)
- Somatosensorial deficits (n = 4)

Patients screened
(n = 44)

Eligible participants
(n = 29)

Included in final analysis
(n = 29)

Fig. 1. Participants eligibility.



was reduced, with a mean JTHFT performance of 30.7 (SD = 17.2) and a Box and Blocks mean 
of 35.8 (SD = 12.4). Participants with a MAS score of 3 or higher were excluded from the BBT, 
grip strength assessment, and the JTHFT, as increased muscle tone prevented adequate motor 
performance. Consequently, these analyses were conducted on a reduced subsample (n = 24).

In the analysis of the correlations between pain, motor function and functional independence, 
pain severity correlated strongly with pain interference (ρ = 0.626; 95% CI, 0.337 to 
0.807; p < 0.001), but no significant associations were observed between pain and 
functional outcomes. In contrast, motor and functional measures were interrelated. The 
BBT correlated positively with grip strength (ρ = 0.442; 95% CI, 0.047 to 0.717; p = 0.030) 
and FMA-UE (ρ = 0.707; 95% CI, 0.425 to 0.864; p < 0.001), and negatively with 
JTHFT (ρ = –0.588; 95% CI, −0.801 to −0.242; p = 0.003). JTHFT scores correlated negatively 
with FMA-UE (ρ = –0.622; 95% CI, −0.820 to −0.292; p = 0.001) and FIM (ρ = –0.471; 

5/11https://doi.org/10.12786/bn.2026.19.e5

Shoulder Pain and Upper Limb Function in Stroke Brain & NeuroRehabilitation

02

https://e-bnr.org

Table 1. Sociodemographic characterization of the sample
Sociodemographic variables Values
Age (yr) 58.7 ± 9.90
Sex

Male 22 (75.90)
Female 7 (24.10)

Education level (yr) 6.62 ± 4.20
Time of stroke

Less than 2 yr 13 (44.80)
More than 2 yr 16 (55.20)

Type of stroke
Ischemic 21 (72.40)
Hemorrhagic 8 (27.60)

Local of lesion
Right hemisphere 16 (55.20)
Left hemisphere 13 (44.80)

Affected hand dominance
Dominant hand affected 14 (48.30)
Non-dominant hand affected 15 (51.70)

Values are presented as mean ± standard deviation or number (%).

Table 2. Sample characterization of vascular risk factors
Vascular risk factors Values
Obesity 5 (17.20)
Hypertension 25 (86.20)
Sedentariness 20 (69.00)
Hypercholesterolemia 19 (65.50)
Smoking 8 (27.60)
Diabetes 13 (44.80)
Values are presented as number (%).

Table 3. Functional and pain characterization of the sample
Functional/pain variable No. Mean ± SD Min–max
MAS 29 1.10 ± 1.24 0.00–4.00
FIM 29 113.28 ± 16.17 56.00–126.00
FMA-UE 29 41.41 ± 16.42 7.00–65.00
Pain severity (BPI) 29 4.82 ± 1.72 0.75–7.25
Pain interference (BPI) 29 4.43 ± 2.19 0.29–9.14
BBT 24 35.83 ± 12.39 14.00–57.00
Grip strength 24 12.01 ± 8.17 0.00–30.80
JTHFT 24 30.74 ± 17.16 11.40–66.20
No., sample size; SD, standard deviation; Min–max, minimum and maximum; MAS, The Modified Ashworth Scale; 
FIM, The Functional Independence Measure; FMA-UE, Fugl-Meyer Assessment of Upper Extremity; BPI, The Brief 
Pain Inventory; BBT, The Box and Block Test; JTHFT, The Jebsen-Taylor Hand Function Test.



95% CI, −0.735 to −0.083; p = 0.020), and positively with MAS (ρ = 0.599; 95% CI, 
0.258–0.807; p = 0.002). Moreover, FMA-UE correlated positively with FIM (ρ = 0.394; 
95% CI, 0.032 to 0.665; p = 0.034) and negatively with MAS (ρ = –0.794; 95% CI, −0.899 to 
−0.603; p < 0.001) (Table 4).

Furthermore, group comparisons were made by analyzing the time between stroke, 
the stroke type and sex differences. Significant differences were observed according to 
time since stroke, with worse scores in patients with more than two years since onset in 
JTHFT (U = 21.0, p = 0.003), FMA-UE (U = 41.5, p = 0.006), FIM (U = 43.5, p = 0.008), and 
MAS (U = 37.5, p = 0.002). No differences were observed in pain severity or interference. 
Stroke type also influenced pain outcomes: pain interference was significantly higher 
in ischemic compared to hemorrhagic patients (U = 37.0, p = 0.022), while pain severity 
showed a non-significant trend towards higher scores in the ischemic group (U = 46.0, p = 
0.062). No differences were found for functional outcomes between stroke types (p > 0.05). 
Finally, no significant sex differences were observed in pain severity (U = 45.5, p = 0.106) 
or pain interference (U = 73.0, p = 0.838), although women tended to report higher pain 
severity. Median differences with 95% CIs for statistically significant results are reported in 
Table 5. Additional exploratory analyses considering sex, hand dominance, and vascular risk 
factors did not reveal significant associations with pain or functional outcomes (all p > 0.05) 
(data no present in table).

DISCUSSION

This study aimed to analyze the impact of shoulder pain on upper limb functionality in 
individuals after stroke. The results showed that, although pain severity and pain interference 
were not significantly associated with motor or functional outcomes, motor and functional 
measures were strongly interrelated.

In contrast, previous literature consistently reports a negative relationship, with higher pain 
levels being linked to poorer functionality [32-34] and some studies have even identified 
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Table 4. Spearman’s rho correlations (ρ) with 95% CIs between pain, motor function, and functional independence
Variable Pain severity Pain interference BBT JTHFT Grip strength FMA-UE FIM MAS
Pain severity - 0.626** (0.337  

to 0.807)
−0.044 (−0.403  

to 0.328)
−0.067 (−0.423  

to 0.300)
−0.306 (−0.609  

to 0.081)
−0.134 (−0.478  

to 0.239)
0.062 (−0.309  

to 0.417)
−0.031 (−0.388  

to 0.335)
Pain interference 0.626** (0.337  

to 0.807)
- −0.351 (−0.649  

to 0.062)
0.221 (−0.171  

to 0.558)
−0.318 (−0.618  

to 0.067)
−0.113 (−0.459  

to 0.258)
−0.121 (−0.464  

to 0.249)
−0.117 (−0.462  

to 0.253)
BBT −0.044 (−0.403  

to 0.328)
−0.351 (−0.649  

to 0.062)
- −0.588** (−0.801  

to −0.242)
0.442* (0.047  

to 0.717)
0.707** (0.425  

to 0.864)
0.163 (−0.239  

to 0.517)
−0.333 (−0.629  

to 0.052)
JTHFT −0.067 (−0.423  

to 0.300)
0.221 (−0.171  

to 0.558)
−0.588** (−0.801  

to −0.242)
- −0.020 (−0.414  

to 0.379)
−0.622** (−0.820  

to −0.292)
−0.471* (−0.735  

to −0.083)
0.599** (0.258  

to 0.807)
Grip strength −0.306 (−0.609  

to 0.081)
−0.318 (−0.618  

to 0.067)
0.442* (0.047  

to 0.717)
−0.020 (−0.414  

to 0.379)
- 0.472* (0.085  

to 0.735)
0.138 (−0.265  

to 0.498)
−0.393 (−0.677  

to 0.002)
FMA-UE −0.134 (−0.478  

to 0.239)
−0.113 (−0.459  

to 0.258)
0.707** (0.425  

to 0.864)
−0.622** (−0.820  

to −0.292)
0.472* (0.085  

to 0.735)
- 0.394* (0.032  

to 0.665)
−0.794** (−0.899  

to −0.603)
FIM 0.062 (−0.309  

to 0.417)
−0.121 (−0.464  

to 0.249)
0.163 (−0.239  

to 0.517)
−0.471* (−0.735  

to −0.083)
0.138 (−0.265  

to 0.498)
0.394* (0.032  

to 0.665)
- −0.499** (−0.732  

to −0.162)
MAS −0.031 (−0.388  

to 0.335)
−0.117 (−0.462  

to 0.253)
−0.333 (−0.629  

to 0.052)
0.599** (0.258  

to 0.807)
−0.393 (−0.677  

to 0.002)
−0.794** (−0.899  

to −0.603)
−0.499** (−0.732  

to −0.162)
-

Values are presented as Spearman’s rho (ρ) with 95% CIs.
CI, confidence interval; BBT, The Box and Block Test; JTHFT, The Jebsen-Taylor Hand Function Test; FMA-UE, Fugl-Meyer Assessment of Upper Extremity; FIM, 
The Functional Independence Measure; MAS, The Modified Ashworth Scale.
*p < 0.05, **p < 0.01.



shoulder pain as a major barrier to rehabilitation [14,35,36]. A possible explanation for 
this discrepancy lies in the characteristics of the present sample, which consisted mainly 
of individuals with motor deficits, while those with somatosensory deficits were excluded. 
Somatosensory impairments are not only recognized as predictors of post-stroke shoulder 
pain but may also influence pain perception and contribute negatively to upper limb 
functionality [37-40]. Therefore, by excluding participants with such deficits, the sample 
was more homogeneous and more specifically representative of motor function, which may 
account for the absence of a significant relationship between shoulder pain and functional 
outcomes in this study.

Increase muscle tone, emerged as a key determinant of functional impairment, showing 
strong negative correlations with motor function and functional independence. This was 
further supported by the fact that participants with MAS scores greater than 3 were unable 
to complete functional assessments such as the BBT, the grip strength test and the JTHFT. 
These results are consistent with previous studies reporting that individuals with higher 
muscle tone present reduced motor function and, consequently, greater limitations in 
ADLs [41,42]. According to some authors, spasticity may reduce daily functioning and quality 
of life in approximately 10%–12% of chronic stroke survivors [43]. Moreover, increased 
muscle tone has been identified as a risk factor for the development of shoulder pain, 
although in the present study this association was not statistically significant, with variability 
observed in both pain severity and interference [33,44].

Time since stroke was also a significant factor, with patients more than two years post-stroke 
presenting worse motor and functional outcomes compared to those in the earlier phase. 
It is well established in the literature that the critical window for stroke recovery is within 
the first six months post-event [45]. However, evidence demonstrates that neuroplasticity 
and rehabilitation potential may extend beyond one year [46]. Recent findings even suggest 
cortical plasticity and functional gains up to 7,5 years after stroke, following aerobic exercise 
and neural stimulation [47]. This highlights the importance of sustained rehabilitation 
efforts. In the present study, participants were categorized into two groups (≤ 2 years vs. > 2 
years since stroke) to better capture the influence of time on functional outcomes.

Stroke type influenced pain outcomes, with patients with ischemic stroke reporting higher 
pain interference. This is consistent with previous literature indicating that the incidence of 
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Table 5. Group comparisons (Mann–Whitney U test) with effect estimates
Grouping variable Outcome U Median difference (95% CI) p value Result
Time since stroke JTHFT 21.00 12.4 (5.10 to 21.3) 0.003** Worse in > 2 yr

FMA-UE 41.50 −14.0 (−24.60 to −4.30) 0.006** Worse in > 2 yr
FIM 43.50 −18.00 (−31.20 to −5.40) 0.008** Worse in > 2 yr
MAS 37.50 1.00 (0.40 to 1.80) 0.002** Worse in > 2 yr

Pain severity - - > 0.05 n.s.
Pain interference - - > 0.05 n.s.

Stroke type Pain interference 37.00 1.90 (0.30 to 3.60) 0.022* ↑ Ischemic
Pain severity 46.00 - 0.062 Trend ↑ ischemic

Functional outcomes - - > 0.05 n.s.
Sex Pain severity 45.50 - 0.106 Trend ↑ female

Pain interference 73.00 - 0.838 n.s.
Values are presented as median differences with 95% CIs for statistically significant results.
U, Mann–Whitney test statistic; CI, confidence interval; JTHFT, The Jebsen-Taylor Hand Function Test; FMA-UE, 
Fugl-Meyer Assessment of Upper Extremity; FIM, The Functional Independence Measure; MAS, The Modified 
Ashworth Scale; n.s., not significant.
*p < 0.05, **p < 0.01.



post-stroke pain is higher among individuals with ischemic stroke compared to those with 
hemorrhagic stroke [48,49].

Other variables such as sex, hand dominance, and vascular risk factors were not significantly 
associated with pain or functionality. However, pain severity tended to be higher among 
female participants, a finding that has also been reported in previous studies, where female 
sex has been identified as a predictor of greater post-stroke pain severity [50-52].

These findings reinforce the notion that motor impairment, rather than pain alone, is the 
main determinant of functional independence. Clinically, this suggests that rehabilitation 
should prioritize motor recovery and strength training, while also addressing pain 
as a relevant factor [51,53].

Further studies with larger samples and longitudinal designs are needed to clarify whether 
shoulder pain contributes to long-term disability. Participants were recruited from a single 
rehabilitation setting, therefore extrapolation to populations with severe disability, different 
rehabilitation contexts, or other cultural backgrounds is limited.

This study has several limitations. The small sample size reduces statistical power and may 
have limited the detection of subtle associations. The cross-sectional design also precludes 
causal inferences regarding the relationship between shoulder pain and functionality. 
As mentioned above, participants were recruited from a single rehabilitation center, and 
therefore the generalizability of these findings to other settings or populations may be 
limited, which represents another limitation. These factors together may have biased the 
results, potentially underestimating the true impact of shoulder pain on functionality.

In this observational study of post-stroke individuals, shoulder pain severity and 
interference were not significantly associated with motor or functional outcomes, whereas 
motor performance measures were strongly interrelated and identified as the primary 
determinants of functional independence. Increased muscle tone emerged as a key factor 
negatively affecting functionality, reinforcing its clinical relevance in rehabilitation. Time 
since stroke also influenced outcomes, with poorer performance observed in participants 
more than two years post-event. Overall, these findings suggest that rehabilitation should 
mainly focus on motor recovery and muscle tone management, with pain control included 
as a complementary approach to support independence and quality of life.

ACKNOWLEDGMENT

The authors thank the Rehabilitation Department where this study was conducted for their 
contributions. Written permission to be acknowledged has been obtained from all persons 
named and consent forms for the participants.

REFERENCES

	 1.	 Feigin VL, Brainin M, Norrving B, Martins S, Sacco RL, Hacke W, Fisher M, Pandian J, Lindsay P. World 
Stroke Organization (WSO): Global Stroke Fact Sheet 2022. Int J Stroke 2022;17:18-29.    PUBMED | CROSSREF

	 2.	 Hilkens NA, Casolla B, Leung TW, de Leeuw FE. Stroke. Lancet 2024;403:2820-2836.    PUBMED | CROSSREF

8/11https://doi.org/10.12786/bn.2026.19.e5

Shoulder Pain and Upper Limb Function in Stroke Brain & NeuroRehabilitation

02

https://e-bnr.org



	 3.	 Kim J, Olaiya MT, De Silva DA, Norrving B, Bosch J, De Sousa DA, Christensen HK, Ranta A, Donnan 
GA, Feigin V, Martins S, Schwamm LH, Werring DJ, Howard G, Owolabi M, Pandian J, Mikulik R, 
Thayabaranathan T, Cadilhac DA. Global stroke statistics 2023: availability of reperfusion services around 
the world. Int J Stroke 2024;19:253-270.    PUBMED | CROSSREF

	 4.	 Dusenbury W, Alexandrov AW. Clinical localization of stroke. Crit Care Nurs Clin North Am 2020;32:1-19.    
PUBMED | CROSSREF

	 5.	 Jaber AF, Sabata D, Radel JD. Self-perceived occupational performance of community-dwelling adults 
living with stroke. Can J Occup Ther 2018;85:378-385.    PUBMED | CROSSREF

	 6.	 Zakel J, Chae J, Wilson RD. Innovations in stroke recovery and rehabilitation: poststroke pain. Phys Med 
Rehabil Clin N Am 2024;35:445-462.    PUBMED | CROSSREF

	 7.	 Souza IG, Souza RF, Barbosa FDS, Scipioni KRDDS, Aidar FJ, Zanona AF. Protocols used by occupational 
therapists on shoulder pain after stroke: systematic review and meta-analysis. Occup Ther Int 
2021;2021:8811721.    PUBMED | CROSSREF

	 8.	 Hao N, Zhang M, Li Y, Guo Y. Risk factors for shoulder pain after stroke: a clinical study. Pak J Med Sci 
2022;38:145-149.    PUBMED | CROSSREF

	 9.	 Lindgren I, Gard G, Brogårdh C. Shoulder pain after stroke - experiences, consequences in daily life and 
effects of interventions: a qualitative study. Disabil Rehabil 2018;40:1176-1182.    PUBMED | CROSSREF

	10.	 Kumar P. Hemiplegic shoulder pain in people with stroke: present and the future. Pain Manag (Lond) 
2019;9:107-110.    PUBMED | CROSSREF

	11.	 Anwer S, Alghadir A. Incidence, prevalence, and risk factors of hemiplegic shoulder pain: a systematic 
review. Int J Environ Res Public Health 2020;17:1-21.    PUBMED | CROSSREF

	12.	 de Sire A, Moggio L, Demeco A, Fortunato F, Spanò R, Aiello V, Marotta N, Ammendolia A. Efficacy of 
rehabilitative techniques in reducing hemiplegic shoulder pain in stroke: systematic review and meta-
analysis. Ann Phys Rehabil Med 2022;65:101602.    PUBMED | CROSSREF

	13.	 Wang Y, Li X, Sun C, Xu R. Effectiveness of kinesiology taping on the functions of upper limbs in patients 
with stroke: a meta-analysis of randomized trial. Neurol Sci 2022;43:4145-4156.    PUBMED | CROSSREF

	14.	 Dyer S, Mordaunt DA, Adey-Wakeling Z. Interventions for post-stroke shoulder pain: an overview of 
systematic reviews. Int J Gen Med 2020;13:1411-1426.    PUBMED | CROSSREF

	15.	 Watson R. Quantitative research. Nurs Stand 2015;29:44-48.    PUBMED | CROSSREF

	16.	 Marôco J. Análise estatística com o SPSS Statistics (8th ed). Available at https://www.bertrand.pt/livro/
analise-estatistica-com-o-spss-statistics-joao-maroco/24699154 [accessed on 16 July 2025].

	17.	 Depoy E, Gitlin LN. Introducing to research: understanding and applying multiple strategies. Maryland 
Heights, MO: Mosby; 2016.

	18.	 World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for 
medical research involving human subjects. JAMA 2013;310:2191-2194.    PUBMED | CROSSREF

	19.	 Harb A, Margetis K, Kishner S. Modified Ashworth Scale. In: StatPearls [Internet]. Treasure Island, FL: 
StatPearls Publishing; 2025.

	20.	 Vidmar T, Goljar Kregar N, Puh U. Reliability of the modified Ashworth Scale after stroke for 13 muscle 
groups. Arch Phys Med Rehabil 2023;104:1606-1611.    PUBMED | CROSSREF

	21.	 Meseguer-Henarejos AB, Sánchez-Meca J, López-Pina JA, Carles-Hernández R. Inter- and intra-rater 
reliability of the Modified Ashworth Scale: a systematic review and meta-analysis. Eur J Phys Rehabil Med 
2018;54:576-590.    PUBMED | CROSSREF

	22.	 Poquet N, Lin C. The Brief Pain Inventory (BPI). J Physiother 2016;62:52.    PUBMED | CROSSREF

	23.	 Law C, Wang S, Mani R, Chapple CM, Zeng J, Ribeiro DC. Reliability and validity of the Brief 
Pain Inventory-short form in individuals with rotator cuff-related shoulder pain. Disabil Rehabil 
2025;47:1854-1860.    PUBMED | CROSSREF

	24.	 Kawamura K, Murayama K, Takamura J, Minegishi S. Effect of a weekly functional independence 
measure scale on the recovery of patient with acute stroke: a retrospective study. Medicine (Baltimore) 
2022;101:e28974.    PUBMED | CROSSREF

	25.	 Lee EY, Sohn MK, Lee JM, Kim DY, Shin YI, Oh GJ, Lee YS, Lee SY, Song MK, Han JH, Ahn JH, Lee YH, 
Chang WH, Choi SM, Lee SK, Joo MC, Kim YH. Changes in long-term functional independence in 
patients with moderate and severe ischemic stroke: comparison of the responsiveness of the modified 
Barthel Index and the Functional Independence Measure. Int J Environ Res Public Health 2022;19:9612.    
PUBMED | CROSSREF

	26.	 Andrews AW, Bohannon RW. Functional Independence predicts patients with stroke more likely to 
be discharged to the community after inpatient rehabilitation. Top Stroke Rehabil 2023;30:393-401.    
PUBMED | CROSSREF

9/11https://doi.org/10.12786/bn.2026.19.e5

Shoulder Pain and Upper Limb Function in Stroke Brain & NeuroRehabilitation

02

https://e-bnr.org



	27.	 Hernández ED, Galeano CP, Barbosa NE, Forero SM, Nordin Å, Sunnerhagen KSMP, Alt Murphy M. 
Intra- and inter-rater reliability of Fugl-Meyer Assessment of Upper Extremity in stroke. J Rehabil Med 
2019;51:652-659.    PUBMED | CROSSREF

	28.	 Bertrand AM, Fournier K, Wick Brasey MG, Kaiser ML, Frischknecht R, Diserens K. Reliability of maximal 
grip strength measurements and grip strength recovery following a stroke. J Hand Ther 2015;28:356-362.    
PUBMED | CROSSREF

	29.	 Pino-Ortega J, Carvajal-Espinoza R, Becerra-Patiño BA. Evaluation of hand muscle strength using manual 
dynamometry: a reliability and validity study of the Activ5 instrument. Appl Sci 2024;14:8775.    CROSSREF

	30.	 Berardi A, Saffioti M, Tofani M, Nobilia M, Culicchia G, Valente D, Servadio A, Galeoto G. Internal 
consistency and validity of the Jebsen-Taylor hand function test in an Italian population with hemiparesis. 
NeuroRehabilitation 2019;45:331-339.    PUBMED | CROSSREF

	31.	 Everard G, Burton Q, Van de Sype V, Bibentyo TN, Auvinet E, Edwards MG, Batcho CS, Lejeune T. 
Extended reality to assess post-stroke manual dexterity: contrasts between the classic box and block test, 
immersive virtual reality with controllers, with hand-tracking, and mixed-reality tests. J Neuroeng Rehabil 
2024;21:36.    PUBMED | CROSSREF

	32.	 Gandolfi M, Donisi V, Battista S, Picelli A, Valè N, Del Piccolo L, Smania N. Health-related quality of life 
and psychological features in post-stroke patients with chronic pain: a cross-sectional study in the neuro-
rehabilitation context of care. Int J Environ Res Public Health 2021;18:3089.    PUBMED | CROSSREF

	33.	 Khatooni M, Dehghankar L, Samiei Siboni F, Bahrami M, Shafaei M, Panahi R, Amerzadeh M. 
Association of post-stroke hemiplegic shoulder pain with sleep quality, mood, and quality of life. Health 
Qual Life Outcomes 2025;23:32.    PUBMED | CROSSREF

	34.	 Westerlind E, Singh R, Persson HC, Sunnerhagen KS. Experienced pain after stroke: a cross-sectional 
5-year follow-up study. BMC Neurol 2020;20:4.    PUBMED | CROSSREF

	35.	 Ateş Sari Y, Aldeges W, Ünlüer NÖ. An investigation of upper extremity function, sleep quality, and 
functional independence in patients with poststroke shoulder pain: a cross-sectional study. Physiother 
Theory Pract 2024;40:2472-2479.    PUBMED | CROSSREF

	36.	 Nickel R, Lange M, Stoffel DP, Navarro EJ, Zetola VF. Upper limb function and functional independence 
in patients with shoulder pain after stroke. Arq Neuropsiquiatr 2017;75:103-106.    PUBMED | CROSSREF

	37.	 Haslam BS, Butler DS, Kim AS, Carey LM. Somatosensory impairment and chronic pain following stroke: 
an observational study. Int J Environ Res Public Health 2023;20:906.    PUBMED | CROSSREF

	38.	 Senadheera I, Larssen BC, Mak-Yuen YYK, Steinfort S, Carey LM, Alahakoon D. Profiling somatosensory 
impairment after stroke: characterizing common “fingerprints” of impairment using unsupervised 
machine learning-based cluster analysis of quantitative measures of the upper limb. Brain Sci 
2023;13:1253.    PUBMED | CROSSREF

	39.	 Igawa Y, Osumi M, Takamura Y, Uchisawa H, Iki S, Fuchigami T, Uragami S, Nishi Y, Mori N, Hosomi 
K, Morioka S. Pathological features of post-stroke pain: a comprehensive analysis for subtypes. Brain 
Commun 2025;7:fcaf128.    PUBMED | CROSSREF

	40.	 Zhang YH, Xu HR, Wang YC, Hu GW, Ding XQ, Shen XH, Yang H, Rong JF, Wang XQ. Pressure pain 
threshold and somatosensory abnormalities in different ages and functional conditions of post-stroke 
elderly. BMC Geriatr 2022;22:830.    PUBMED | CROSSREF

	41.	 Schinwelski MJ, Sitek EJ, Wąż P, Sławek JW. Prevalence and predictors of post-stroke spasticity and its 
impact on daily living and quality of life. Neurol Neurochir Pol 2019;53:449-457.    PUBMED | CROSSREF

	42.	 Li S, Francisco GE, Rymer WZ. A new definition of poststroke spasticity and the interference of spasticity 
with motor recovery from acute to chronic stages. Neurorehabil Neural Repair 2021;35:601-610.    PUBMED | 
CROSSREF

	43.	 Francisco GE, Wissel J, Platz T, Li S. Post-stroke spasticity. In: Platz T, ed. Clinical pathways in stroke 
rehabilitation: evidence-based clinical practice recommendations. Cham, CH: Springer; 2021:149-173.

	44.	 Menoux D, Jousse M, Quintaine V, Tlili L, Yelnik AP. Decrease in post-stroke spasticity and shoulder pain 
prevalence over the last 15 years. Ann Phys Rehabil Med 2019;62:403-408.    PUBMED | CROSSREF

	45.	 Stinear CM, Lang CE, Zeiler S, Byblow WD. Advances and challenges in stroke rehabilitation. Lancet 
Neurol 2020;19:348-360.    PUBMED | CROSSREF

	46.	 Ballester BR, Maier M, Duff A, Cameirão M, Bermúdez S, Duarte E, Cuxart A, Rodríguez S, San Segundo 
Mozo RM, Verschure PFMJ. A critical time window for recovery extends beyond one-year post-stroke. J 
Neurophysiol 2019;122:350-357.    PUBMED | CROSSREF

	47.	 Hill G, Johnson F, Uy J, Serrada I, Benyamin B, Van Den Berg M, Hordacre B. Moderate intensity aerobic 
exercise may enhance neuroplasticity of the contralesional hemisphere after stroke: a randomised 
controlled study. Sci Rep 2023;13:14440.    PUBMED | CROSSREF

10/11https://doi.org/10.12786/bn.2026.19.e5

Shoulder Pain and Upper Limb Function in Stroke Brain & NeuroRehabilitation

02

https://e-bnr.org



	48.	 El-Sonbaty HAE, Abou Elmaaty AA, Zarad CA, El-Bahnasawy AS. Clinical and radiological assessment of 
hemiplegic shoulder pain in stroke patients. Egypt J Neurol Psychiat Neurosurg 2022;58:1-15.    CROSSREF

	49.	 Treister AK, Hatch MN, Cramer SC, Chang EY. Demystifying post-stroke pain: from etiology to treatment. 
PM R 2017;9:63-75.    PUBMED | CROSSREF

	50.	 Naveed H, Almasri M, Kazani B, Nauman A, Akhtar N, Singh R, Kamran S, Al Jerdi S, Thermalingem 
S, Shuaib A. Women and stroke: disparities in clinical presentation, severity, and short- and long-term 
outcomes. Front Neurol 2023;14:1147858.    PUBMED | CROSSREF

	51.	 Li Y, Yang S, Cui L, Bao Y, Gu L, Pan H, Wang J, Xie Q. Prevalence, risk factor and outcome in middle-
aged and elderly population affected by hemiplegic shoulder pain: an observational study. Front Neurol 
2023;13:1041263.    PUBMED | CROSSREF

	52.	 Haslam BS, Butler DS, Kim AS, Carey LM. Neuropathic symptoms and frequency of chronic pain in 
an international online sample of individuals with sub-acute and chronic stroke. Healthcare (Basel) 
2025;13:455.    PUBMED | CROSSREF

	53.	 González-Santos J, Rodríguez-Fernández P, Pardo-Hernández R, González-Bernal JJ, Fernández-Solana 
J, Santamaría-Peláez M. A cross-sectional study: determining factors of functional independence and 
quality of life of patients one month after having suffered a stroke. Int J Environ Res Public Health 
2023;20:995.    PUBMED | CROSSREF

11/11https://doi.org/10.12786/bn.2026.19.e5

Shoulder Pain and Upper Limb Function in Stroke Brain & NeuroRehabilitation

02

https://e-bnr.org


