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Abstract:

Background: Shoulder pain is a prevalent complication following stroke that can reduce
recovery and reduce quality of life. Objective: This review aimed to give a general back-
ground of stroke, describe causes of hemiplegic shoulder pain and factors contributing to
its development and to illustrate the role of different physical therapy modalities and tech-
niques on shoulder pain after stroke. Methods: A comprehensive search of Science Direct,
PubMed, and Goggle Scholar was conducted using Keywords such as stroke, hemiplegic
shoulder pain, and physical therapy modalities. The authors also reviewed references
from pertinent literature, however only the most recent or comprehensive studies from
April 2010 to March 2024 were included, and only English-language studies were re-
viewed due to lack of translation-related sources. Papers such as oral presentations, con-
ference abstracts, unpublished manuscripts and dissertations that were not part of larger
scientific studies were excluded. Conclusions: A review of the current literature con-
cluded that shoulder pain after stroke is a common impairment, positive results were ob-
served when various physical therapy modalities and techniques were used to treat hem-
iplegic shoulder pain.
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1. Introduction

Stroke or cerebrovascular accident (CVA) is a medical condition represented by the quick emergence of clinical
manifestations of global or focal disturbance in brain function. It persists longer than twenty-four hours. It results in

death with no apparent reason other than a vascular —brain-origin [1]. About 15 million people worldwide are estimated
to have a stroke yearly, making it among the main causes of death and disability, which places a considerable burden
on social health care system [2]. Stroke is regarded the world’s second most common cause of death. The annual mor-
tality rate is approximately 5.5 million and the disability rate of about 50% of survivors being chronically impaired [3].

When an artery to the brain is occluded or bursts, the blood supply to the brain is impaired. So, it may result in
death of brain tissue caused by the diminution of oxygen [4]. The two main processes that cause stroke-related brain
injury are hemorrhage and ischemia. Among all strokes, ischemic stroke accounts for 87%, intracranial hemorrhage for
10%, and subarachnoid hemorrhage for 3% [5].
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The results of ischemia are rather quick because glucose, “the primary energy substrate” cannot be stored by the
brain and is unable to do anaerobic metabolism. The reduced cerebral blood supply to the brain causes neuronal injury
and ultimately neuronal death [6]. More often, hemorrhagic stroke is caused by hypertensive small vessel disease. It
results in the development of tiny micro aneurysms (Charcot-Bouchard aneurysms) that burst after causing lipohya-
linosis of the small artery wall. Thrombosis, following embolic blockage of arteries of the brain most often originating
from the heart or atherosclerotic plaques in the carotid artery and aortic arch, or by hypoperfusion (hemodynamic
stroke) can all result in atherothrombotic stroke [7].

Epidemiological risk factors and etiologies of each subtype vary, including those based on modifiable and non-
modifiable risk variables (such as age, sex, race/ethnicity). Hyperlipidemia, comorbid cardiac conditions and physical
inactivity, diabetes mellitus are correlated to ischemic not to hemorrhagic strokes [8]. After the age of 55, The occurrence
of stroke doubles with every decade. However, this has been changing as more risk factors have been developed. This
neurological condition is increasingly affecting young people [9].

Shoulder pain after stroke is among the most prevalent cerebrovascular-related impairments [10]. It may have
an impact on quality of life [11]. Cerebrovascular accident results in upper motor neuron impairments resulting in a
wide range of muscle paralysis around the shoulder joint, subsequent soft tissue changes, alterations in muscle tone
[10].

Causes and factors contributing to shoulder pain following stroke:

Among the four most prevalent consequences after cerebrovascular accident is hemiplegic shoulder pain (HSP).
Depending on the people studied and the method of assessment used, the incidence of HSP ranged between 30% and
65%. One third of stroke patients experienced shoulder pain within six months following their stroke and 65% of these
patients still had this issue months later. A reduction in functional arm usage, difficulties with rehabilitation, increased
prevalence of depression and lowering quality of life are all linked to shoulder pain after stroke [12].

Shoulder pain following a cerebrovascular accident has been described as a collection of complicated issues. The
source of shoulder pain is used to make a clinical diagnosis. It includes pain sensitivity changes, shoulder-hand syn-
drome, and misaligned joints or shortened muscles. Since both shoulder pain and central pain post-stroke can develop
in stroke patients. Hemiplegic shoulder pain is complicated as it is challenging to distinguish shoulder pain from central
pain post-stroke [13].

Hemiplegic shoulder pain is frequently multifactorial. It can be categorized into two types: mechanical and
neurological factors. Mechanical causes such as shoulder subluxation, glenohumeral joint disorders, rotator cuff inju-
ries, frozen shoulder, and direct trauma to shoulder joint. On the other hand, spasticity, shoulder hand syndrome, bra-
chial plexus damage, and central sensitization are examples of neurological causes. And may involve both neurologic
and mechanical components [14].

During the flaccid stage, the long head of biceps, deltoid, supraspinatus and triceps muscles lose their muscular
support for the glenohumeral joint. As a consequence, the humeral head subluxes downward and outward, with the
joint capsule serves as the only support. The shoulder capsule is made up of two very tiny tissue layers. As the innermost
layer of synovial membrane, which known as “the stratum synovium”, is densely vascularized but inadequately inner-
vated; so, pain receptors are susceptible to stretch. In flaccid shoulders, increasing length of the capsule puts the shoul-
der at risk for pain and permanent injury [15].

Shoulder subluxation and joint instability may result from flaccidity. It can cause serious soft tissue and nerve
dysfunction such as traction damage to the brachial plexus, peripheral nerve entrapment, adhesive changes in related
tendons [16]. Shoulder subluxation is a common cause of HSP in the early stages of post-stroke. It is characterized by
presence of a sulcus sign which “a clinical gap between the acromion and the humeral head”. Because of weakness of
shoulder muscles in stroke patients in flaccid stage, the shoulder joint is less stable and more vulnerable to traction-
induced shoulder damage. It is frequently explained using finger breadths [14]. Although it is obvious that these path-
ologic changes would result in pain, it is still unknown how exactly shoulder subluxation and hemiplegic shoulder pain
(HSP) are related [16].

Increases the tone of the muscles that control scapular mobility. It could lead to irregular scapulohumeral rhythm.
As a result, the rotator cuff, especially the tendon of supraspinatus muscle or other structures may impinge in the sub-
acromial space [16]. Upper trapezius muscular activity was higher in patients with shoulder pain, while lower trapezius
and serratus anterior muscle activity was lower, and infraspinatus muscle activity was either delayed or limited. The
frequent post-stroke muscular imbalance in the scapula area might contribute to develop HSP [17]. In addition, there is
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a significant association between HSP and various pain sources, soft tissue injuries to passive structures of shoulder
such as tendinitis of supraspinatus and the long head of the biceps [12].

“Frozen shoulder” characterizes a shoulder with reduced range of motion. Its cause may be unknown. Significant
restriction in passive and active shoulder mobility in absence of intrinsic shoulder disorder, is a distinguishing charac-
teristic [14]. It may be the cause of HSP and its result. Hemiplegic shoulder pain may precipitate the development of
frozen shoulder as a result of contracture, disuse atrophy or immobility of the affected limb. On the other hand HSP
can be caused by frozen shoulders since it extremely painful in its acute stage [18]. Structural damage, bad posturing of
the hemiplegic shoulder and consequent damage to surrounding tissues lead to reduction in arm function, rehabilitation
is challenging, and quality of life is negatively impacted [19].

Another cause of hemiplegic shoulder pain is Complex regional pain syndrome (CRPS). The two types of CRPS are
type I which is also called shoulder-hand syndrome, or reflex sympathetic dystrophy, and type II, previously known as
“causalgia”. Dystrophic changes to a limb following a traumatic injury, peripheral and/or central autonomic dysfunc-
tions, and pain that is excessive for the pathologic condition are characteristics of both types [20].

The role of physical therapy on shoulder pain post stroke:

For the management of HSP, some approaches have been suggested. Hemiplegic shoulder pain can be treated with
physiotherapy. Two major approaches to therapy: those that view the issue as a localized mechanical one, and those
which view the issue as a neurological one. Local treatments such as heat and cold therapy have been used. Slings and
shoulder braces were also used. Bobath, Brunnstrom, and proprioceptive neuromuscular facilitation (°PNF) are major
approaches for treating HSP [14].

A therapeutic exercise technique called proprioceptive neuromuscular facilitation (PNF) uses neuromuscular fa-
cilitation techniques in conjunction with functionally based diagonal movement patterns in order to enhance neuro-
muscular control and function and elicit motor responses. According to research by Joshi et al. [21] Scapular PNF can
improve range of motion ROM and shoulder pain after a stroke. It also strengthens the proximal muscles of upper
extremity (UE) and increases stroke patient’s UE function by readjusting scapular alignment. Exercises performed in
PNF patterns have been shown to have a favorable effect on both function and pain, as demonstrated by Lee et al. [22].
Proprioceptive neuromuscular facilitation techniques can improve blood circulation and normalize tone.

Kinesio taping is one of the most common utilized non-invasive therapeutic treatments for people with musculo-
skeletal disorders [23]. It has various uses, it is used to control spasticity, stabilize joints, promote muscle function by
stimulating more cutaneous mechanoreceptors. And reducing inflammation and pain by enhancing blood and lym-
phatic circulation [24].

Electrical stimulation has been shown in a few recent studies to be effective for patients with HSP. Bilateral arm
training combined with electromyography- triggered electrical were found to have a role in lowering pain in both sub-
acute and chronic stroke patients [25]. Similar findings were documented by another study, which showed that after
applying electrical stimulation to stroke patients, their upper limb function, daily living activities and range of motion
(ROM) have not changed but their pain is improved [26].

Transcutaneous electrical stimulation (TENS) gives an external electrical stimulus to the affected limb. Its effective-
ness is relying on the gate control hypothesis. At high intensity, electrical impulses can also stimulate the muscles to
preserve muscular mass. Transcutaneous electrical nerve stimulation can be applied at low intensity stimulation which
is sufficient to be felt on the skin or at high intensity which can cause visible muscular contraction and almost painful
skin sensation [14]. It stimulates the sensory nerves and is frequently used specially as an analgesic physical therapy
modality for masking the pain by stimulating cutaneous peripheral nerves at a higher frequency, with less intensity
without producing muscular contraction [27].

Recently, using extracorporeal shock wave therapy (ESWT) has emerged as a safe and simple intervention, with
notable benefits in the management of pain. The ESWT is defined “a group of mechanical pulsed waves usually at a

frequency from 16 to 20 MHz, characterized by a high peak pressure (approximately from 50 to 80 MPa, sometimes >100
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MPa), rapid pressure build-up (<10 ns), and short pulse period (10us)” [28]. Previous research has demonstrated the
beneficial impact of rESWT on pain relief. This is explained by the direct inhibition of nociceptors by shock wave, the
reduction of substance P levels in the target tissue, and the hyper- stimulation process that inhibits the gate control
process [29].

Research by Khalifa et al. [30] demonstrated that rESWT significantly reduced shoulder structural dysfunction and
as a result, pain and impairment in subacute stroke patients when combined with designed physical therapy program.

The noninvasive and painless laser therapy is used to treat a variety of clinical conditions. Carpal tunnel syndrome,
rheumatoid arthritis, chronic osteoarthritis, fibromyalgia, shoulder pain, knee injuries and post-operative pain are
among the acute and chronic pain conditions that reduced by using laser therapy [31]. It has been found that there is an
association between the effect of laser on pain to its effect on inflammation, tissue repair, nerves guidance and secretion
of endorphine [32].

Many studies suggested that High intensity laser therapy (HILT) can be used in the treatment of shoulder pain. It
is highly beneficial for a number of shoulder joint conditions, such as frozen shoulder, rotator cuff tendinopathy and
sub-acromial impingement syndrome. This is due to its photochemical, thermal, electrical, and bio-stimulation impacts
on deep tissues. It can increase microcirculation, accelerate tissue repair, decrease edema, pain, and inflammation [33].

There are studies that have supported that HILT has an effect on improving pain and enhancing function in pa-
tients with musculoskeletal disorders, particularly those with shoulder pain problems such as subacromial impinge-
ment syndrome (SAIS) and adhesive capsulitis. Nevertheless, studies demonstrating the effectiveness of HILT on hem-
iplegic shoulder pain (HSP) remains limited. The significant effect of HILT usage was shown in research by Abdel-
hakiemet et al. [33] particularly in stroke patients. Another study by Korkmaz et al. [34] indicated that using HILT in
conjunction with designed physical therapy exercises were more advantageous than using therapeutic exercises alone
in the short term in terms of enhancing pain, function and quality of life for hemiplegic patients with shoulder pain and

partial thickness tear of rotator cuff.

2. Conclusions:
Hemiplegic shoulder pain (HSP) is among the most prevalent problems after stroke. It can affect patients in a neg-
ative way as it can result in withdrawal from rehabilitation programs, longer hospital stays and impaired quality of life.

Using different physical therapy modalities has a positive effect on improving it.

Conflicts of Interest:
No conflicts of interest exist.

References:

1. Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ, Culebras A, Elkind MS, George MG, Hamdan AD,
Higashida RT, Hoh BL. An updated definition of stroke for the 21st century: a statement for healthcare profession-
als from the American Heart Association/American Stroke Association. Stroke. 2013 Jul;44(7):2064-89.

2. Hao N, Zhang M, Li Y, Guo Y. Risk factors for shoulder pain after stroke: A clinical study. Pakistan Journal of
Medical Sciences. 2022 Jan;38(1):145.

Katan M, Luft A. Global burden of stroke. Semin Neurol. 2018 Apr;38(2):208-211.

Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, Chamberlain AM, Chang AR, Cheng
S, Delling FN, Djousse L. Heart disease and stroke statistics —2020 update: a report from the American Heart As-
sociation. Circulation. 2020 Mar 3;141(9): e139-596.

5. Saini V, Guada L, Yavagal DR. Global epidemiology of stroke and access to acute ischemic stroke interventions.
Neurology. 2021 Nov 16;97(20_Supplement_2): S6-16.

11



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Jackson CA, Hutchison A, Dennis MS, Wardlaw JM, Lindgren A, Norrving B, Anderson CS, Hankey GJ, Jamrozik
K, Appelros P, Sudlow CL. Differing risk factor profiles of ischemic stroke subtypes: evidence for a distinct lacunar
arteriopathy? Stroke. 2010 Apr 1;41(4):624-9.

Sierra C, Coca A, Schiffrin El. Vascular mechanisms in the pathogenesis of stroke. Current hypertension reports.
2011 June 1; 13:200-7.

Ananth CV, Brandt JS, Keyes KM, Graham HL, Kostis JB, Kostis W]. Epidemiology and trends in stroke mortality
in the USA, 1975-2019. International journal of epidemiology. Jun 1;52(3):858-66.

Teles MS, Gusmao C. Functional evaluation of patients with stroke using the protocol of Fugl-Meyer. Rev Neuro-
cienc. 2012; 20:42-9.

Marciniak C. Poststroke hypertonicity: upper limb assessment and treatment. Topics in stroke rehabilitation. 2011
May 1;18(3):179-94.

de Sire A, Moggio L, Demeco A, Fortunato F, Spano R, Aiello V, Marotta N, Ammendolia A. Efficacy of rehabilita-
tive techniques in reducing hemiplegic shoulder pain in stroke: Systematic review and meta-analysis. Annals of
Physical and Rehabilitation Medicine. 2022 Sep 1;65(5):101602.

Kumar P. Hemiplegic shoulder pain in people with stroke: present and the future. Pain management. 2019
Mar;9(2):107-10.

Kalichman L, Ratmansky M. Underlying pathology and associated factors of hemiplegic shoulder pain. American
journal of physical medicine & rehabilitation. 2011 Sep 1;90(9):768-80.

Vasudevan JM, Browne B]. Hemiplegic shoulder pain: an approach to diagnosis and management. Physical Med-
icine and Rehabilitation Clinics. 2014 May 1;25(2):411-37.

Veerbeek JM, van Wegen E, van Peppen R, Van der Wees PJ, Hendriks E, Rietberg M, Kwakkel G. What is the
evidence for physical therapy poststroke? A systematic review and meta-analysis. PloS one. 2014 Feb 4;9(2): e87987.
Maxwell AM, Nguyen VQ. Management of hemiplegic shoulder pain. Current Physical Medicine and Rehabilita-
tion Reports. 2013 Mar; 1:1-8.

De Baets L, Jaspers E, Janssens L, Van Deun S. Characteristics of neuromuscular control of the scapula after stroke:
a first exploration. Frontiers in human neuroscience. 2014 Nov 17; 8:933.

Kumar P, Fernando C, Mendoza D, Shah R. Risk and associated factors for hemiplegic shoulder pain in people
with stroke: a systematic literature review. Physical Therapy Reviews. 2022 Aug 15;27(3):191204.

El-Sonbaty HA, Abou Elmaaty AA, Zarad CA, El-Bahnasawy AS. Clinical and radiological assessment of hemiple-
gic shoulder pain in stroke patients. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery. 2022 Apr
15;58(1):41.

Chae ]. Poststroke complex regional pain syndrome. Topics in stroke rehabilitation. 2010 May 1;17(3):151-62.
Joshi D, Chitra J. Effect of scapular proprioceptive neuromuscular facilitation on shoulder pain, range of motion,
and upper extremity function in hemiplegic patients: A randomized controlled trial. Indian Journal of Health Sci-
ences and Biomedical Research KLEU. 2017 Sep 1;10(3):276-82.

Lee JH, Park SJ, Na SS. The effect of proprioceptive neuromuscular facilitation therapy on pain and function. Jour-
nal of physical therapy science. 2013 Jun 25;25(6):713-6.

Deng P, Zhao Z, Zhang S, Xiao T, Li Y. Effect of kinesio taping on hemiplegic shoulder pain: a systematic review
and meta-analysis of randomized controlled trials. Clinical Rehabilitation. 2021 Mar;35(3):317-31.

Vanti C, Bertozzi L, Gardenghi I, Turoni F, Guccione AA, Pillastrini P. Effect of taping on spinal pain and disability:
systematic review and meta-analysis of randomized trials. Physical therapy. 2015 Apr 1;95(4):493-506.

12



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chuang LL, Chen YL, Chen CC, Li YC, Wong AM, Hsu AL, Chang Y]J. Effect of EMG-triggered neuromuscular
electrical stimulation with bilateral arm training on hemiplegic shoulder pain and arm function after stroke: a ran-
domized controlled trial. Journal of neuroengineering and rehabilitation. 2017 Dec; 14:1-2.

Zhou M, Li F, Lu W, Wu ], Pei S. Efficiency of neuromuscular electrical stimulation and transcutaneous nerve
stimulation on hemiplegic shoulder pain: a randomized controlled trial. Archives of physical medicine and reha-
bilitation. 2018 Sep 1;99(9):1730-9.

LiZ, Alexander SA. Current evidence in the management of poststroke hemiplegic shoulder pain: a review. Journal
Of Neuroscience Nursing. 2015 Feb 1;47(1):10-9.

Zhang T, Zhang C. Extracorporeal shock wave therapy for shoulder pain after stroke: A systematic review and
meta-analysis. Clinical Rehabilitation. 2023 Jun;37(6:774-90.

Simplicio CL, Purita J, Murrell W, Santos GS, Dos Santos RG, Lana JF. Extracorporeal shock wave therapy mecha-
nisms in musculoskeletal regenerative medicine. Journal of Clinical Orthopaedics and Trauma. 2020 May 1;11:
5309-18.

Khalifa HA, Darwish MH, El-Tamawy MS, Elazizy HM, Ella IA, AboZaid NA, Abdelkhalek MM, Moustafa EB.
The influence of radial extracorporeal shock wave therapy on shoulder pain and structural abnormalities in stroke
patients. Archives of Medical Science: AMS.2023;19(6):1731.

Alayat MS, Mohamed AA, Helal OF, Khaled OA. Efficacy of highintensity laser therapy in the treatment of chronic
neck pain: a randomized double-blind placebo-control trial. Lasers in medical science. 2016 May; 31:687-94.

Fekri L, Rezvani A, Karimi N, Ezzati K. The Effect of Low-Power and High-Power Laser Therapy on Pain, Tender-
ness and Grip Force of The Patients with Tennis Elbow. Pharmacophore. 2019;10(3-2019):89-95.

Abdelhakiem NM, Mustafa Saleh MS, Shabana MM, Abd EL Wahaab HA, Saleh HM. Effectiveness of a high-in-
tensity laser for improving hemiplegic shoulder dysfunction: a randomized controlled trial. Scientific Reports. 2024
Mar 28;14(1):7346.

Korkmaz N, Gurcay E, Demir Y, Tezen O, Korkmaz I, Atar MO, Yasar E. The effectiveness of high-intensity laser
therapy in the treatment of post-stroke patients with hemiplegic shoulder pain: a prospective randomized con-
trolled study. Lasers in Medical Science. 2022 Feb;37(1):645-53.

13



