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Introduction: Hemiplegic shoulder pain (HSP) is the most common pain disorder after stroke with incidence estimates of 30–70% and associated with reductions in function, interference with rehabilitation, and a reduced quality of life. Onset may occur as soon as a week after stroke in 17% of patients. Management of HSP represents a complex treatment pathway with a lack of evidence to support one treatment. The pain has heterogeneous causes. In the acute setting, decreased range of motion in the shoulder can be due to early-onset spasticity, capsular pattern stiffness, glenohumeral pathology, or complex regional pain syndrome (CRPS). As contracture can form in up to 50% of patients after stroke, effective management of the painful shoulder and upper limb with decreased range of motion requires assessment of each possible contributor for effective treatment. The anesthetic diagnostic nerve block (DNB) is known to differentiate spasticity from contracture and other disorders of immobility and can be useful in determining an appropriate treatment pathway.

Objective: To create a diagnostic algorithm to differentiate between the causes of HSP in the stiff, painful shoulder in the subacute setting using diagnostic techniques including the Budapest Criteria for CRPS and DNB for spasticity and pain generators.

Results: Examination of each joint in the upper extremity with HSP may differentiate each diagnosis with the use of an algorithm. Pain and stiffness isolated to the shoulder may be differentiated as primary shoulder pathology; sensory suprascapular DNB or intra-articular/subacromial injection can assist in differentiating adhesive capsulitis, arthritis, or rotator cuff injury. CRPS may affect the shoulder, elbow, wrist, and hand and can be evaluated with the Budapest Criteria. Spasticity can be differentiated with the use of motor DNB. A combination of these disorders may cause HSP, and the proposed treatment algorithm may offer assistance in selecting a systematic treatment pathway.
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INTRODUCTION

Hemiplegic shoulder pain (HSP) is the most common pain disorder after stroke and one of the four most common complications. The estimated incidence ranges from of 30–70% (1–3). HSP is associated with reductions in function, interference with rehabilitation efforts (4), and a reduced quality of life (5). Onset of HSP is rapid, occurring as soon as a week after stroke in 17% of patients (6). While HSP is ubiquitous (1, 7), the management of HSP represents a complex treatment pathway with insufficient evidence supporting one particular treatment (8). It is known that permanent loss of range of motion (ROM) can occur within 3–6 weeks, and according to the 2019 Canadian Stroke Best Practice Recommendations (CSBPR), there is a lack of evidence supporting individual treatments (9).

The pain associated with HSP may be due to heterogeneous causes. In the acute setting, decreased ROM in the shoulder may represent several processes including the early onset of spasticity, capsular pattern stiffness, glenohumeral pathology, or a component of complex regional pain syndrome (CRPS) known as the post-stroke shoulder hand syndrome. Effective management of the HSP with decreased ROM requires assessment of each possible contributor (3). Multiple factors contribute to normal shoulder positioning and function. Proper shoulder positioning involves a stabilized glenohumeral joint (actively and passively), appropriate glenoid fossa angle, and correct scapular and vertebral column alignment (10). The suprascapular nerve is not only vital to motor function, it provides up to 70% of the sensory fibers to the shoulder (11, 12), and pain transmitted by the suprascapular nerve represents another potential underlying cause of HSP (13).

The pathology attributed to HSP includes a variety of neurological and mechanical factors, and effective treatment is heavily influenced by accurate and early detection of these factors. The lack of early recognition of the causative pathology of HSP can lead to worsening limb function and increased pain and may impair the rehabilitation and recovery process, as the pain may peak at up to 4 months (3, 14, 15). Early intervention may reduce the risk and onset of contracture, which can lead to significant impairments and a reduced quality of life (15–17). The incidence of developing at least one contracture in stroke patients within 6 months of their stroke is estimated at 52% (18). Contractures are a source of pain and limited ROM, limit function (18, 19), and require intensive treatment, as stretching has not shown to be clinically effective (20). Patients with contractures and limited volitional control of their shoulder muscles, adduction, or internal rotation can experience maceration, skin dehiscence, impaired axillary hygiene, and difficulty dressing (21, 22). For these patients, relief of the contracture and an improvement of passive function may require surgery (shoulder tenotomies) to release the pectoralis major, latissimus dorsi, teres major, and subscapularis muscles (21).

The use of diagnostic nerve blocks (DNBs) in the assessment of spasticity has gained renewed attention. Sensory DNB may increase ROM and reduce spasticity through the reduction of pain (23, 24), while motor DNB has a more direct impact on temporarily reducing spasticity by paralyzing the targeted nerve branch to a muscle (25). Tardieu and Hariga (26) first described the use of DNB for spasticity in 1964. DNBs have proven to be effective at differentiating between spastic hypertonia, joint stiffness, and contracture (27). DNBs can be used to predict how a patient will respond to local chemodenervation with botulinum toxin (BoNT) or phenol/alcohol. A DNB will cause a spastic muscle to relax to its maximal length, whereas a contracture will have minimal or no change.

Despite the importance of early diagnosis and intervention, few guidelines exist to systematically direct early care. There is a lack of validated and reliable instruments to assess pain associated with arm spasticity (28). Management of HSP has been proposed in many review articles, which includes management of the flaccid or subluxed shoulder. Guidelines, such as the CSBPR, present the evidence for treating the individual pathologies that result in HSP; however, there is no current clinical pathway to assist the clinician in identifying the causative pathologies and how to treat the contribution of each pathologic process. The new onset of HSP presents additional diagnostic challenges due to patient-specific factors, such as decreased levels of arousal, language disorders, weakness, limited exercise tolerance, medical comorbidities, and sensory and visual–spatial neglect. Furthermore, HSP with reduced ROM may not be isolated and may be accompanied by stiffness, pain, and reduced ROM in the distal upper extremity joints. Thus, the ability to accurately differentiate between the causes of painful reduced ROM, including isolated shoulder pain, CRPS, spasticity, and contracture requires a method to differentiate the etiologies.

In the absence of an established clinical pathway, we have drawn on our own use of the clinical evidence, such as prednisone for the treatment of CRPS (29), the use of motor DNB for spasticity assessment, suprascapular DNB for isolated shoulder pain (13, 30, 31), and early intervention for spasticity (32). We propose an algorithm to assist in the assessment and management of new-onset HSP in shoulders with stiffness and a reduced ROM built from our own clinical experience in treating this condition. We propose a clinical and interventional pathway, the ViVe Algorithm, to assess each component and guide the treatment of each condition.



METHODS

The development of the ViVe Algorithm involved a pathway created from knowledge gained through routine clinical care of HSP at one site in Canada and one in Italy. Both senior authors have extensive clinical experience in treating new-onset HSP. This includes international collaboration in early assessment and treatment of spasticity (32). Both clinicians have experience and publications in ultrasound-guided DNB. Additionally, the authors have a routine clinical practice and publications in either suprascapular DNB or the assessment and treatment of CRPS. The algorithm is thus a joint collaboration of our routine care that recognizes the clinical challenges in the treatment of new-onset HSP. Development of the algorithm required the involvement of the multidisciplinary rehabilitation teams. It is essential to underscore that nursing, physical, and occupational therapists are key players who continually assess and report on the development of HSP. The foundation for the algorithm is in the assessment and feedback from the therapy teams that report on pain, ROM, and presence of symptoms of CRPS, spasticity, and contracture. In turn, the components of the ViVe Algorithm were created based on the signs and symptoms identified by the therapy teams and the diagnostic uncertainties that arose in consultation with the physician/therapy teams. In contrast to the traditional approach, our algorithm was created through collaborative assessment of each joint in the upper extremity to assess the etiology of its limited and painful ROM. The DNB facilitates that differentiation.

A literature review of the anatomy, assessment, and treatment of isolated shoulder pain, CPRS, and spasticity was conducted. Sample illustrative case studies were created to illustrate the pathways of the algorithm, with a guide to the clinical examination and diagnostic procedures.

When it is unclear if decreased ROM is due to isolated shoulder pain, CRPS, or spastic muscle overactivity, DNBs are implemented. Suprascapular sensory nerve blocks are performed for isolated shoulder pain along with intra-articular injections (Figure 2).

The presence of CRPS is assessed using the Budapest Criteria with guidance from the CSBPR. Treatment with prednisone was offered for the CRPS using recommended doses (29, 33).

To assess the contribution of spastic muscle overactivity, we implemented the lateral pectoral nerve (LPN) block as the primary DNB for the adducted shoulder (Figure 3). Musculocutaneous (MSCN) DNBs to the brachialis, biceps, and the radial nerve to the brachioradialis are utilized for the spastic flexed elbow (25). Radial and median nerve blocks are for the wrist and fingers.

The DNB is performed by the infiltration of small volumes (1–4 ml) of a 2% lidocaine around a nerve or nerve fascicle to select the most responsible muscles in a spastic deformity (25, 34, 35). To assist localization, we recommend that they are performed in combination with e-stimulation and ultrasound (30, 31).

Isolated pain in the shoulder or other joints is assessed, and other causes of joint inflammation, arthropathy, or heterotopic ossification are ruled out by clinical judgment and testing, including diagnostic imaging of the shoulder as indicated.

The patient's active range of motion (AROM) and passive range of motion (PROM) are evaluated for spasticity and measured using the Modified Ashworth Scale (MAS) and Modified Tardieu Scale (MTS). For CRPS, the presence or absence of the signs and symptoms of the Budapest Criteria is utilized.



RESULTS

The ViVe Algorithm was developed to allow characterization of the stiff hemiplegic shoulder with and without involvement of the distal upper extremity joints (Figure 1). It was designed for the post-acute state when spasticity, CRPS, and capsulitis typically first develop. When HSP is first identified, the algorithm next asks if elbow, wrist, or fingers are involved. If not involved, isolated shoulder pain, such as capsulitis is suspected. In the absence of apparent spasticity or pectoral contracture, treatment is for isolated shoulder pain, including capsulitis; suprascapular DNB and intra-articular injections are offered. If capsulitis is uncertain, then a DNB of the LPN to assess for spasticity is performed. If ROM improves, then spasticity is presumed present and treated as such. If not, capsulitis is again suspected, but joint pathology, heterotopic ossification, and contracture should be ruled out through medical imaging and palpation of contracted tendons.


[image: Figure 1]
FIGURE 1. ViVe treatment algorithm.


If the elbow, wrist, or fingers are involved, an assessment with the Budapest Criteria for CRPS is performed as well as an assessment for the presence of spasticity. If the criteria are met, treatment with oral prednisone is recommended initially. If differentiation between spasticity and CRPS is uncertain, a DNB of the MSCN and/or radial nerves is performed for the elbow and potentially the median and/or ulnar for the wrist and fingers. Significant improvements in ROM after the DNBs suggest that the cause of the restricted ROM is spasticity. If there is no improvement, early contracture, joint deformity, and heterotopic ossification are to be ruled out. The algorithm is designed to be revisited after each treatment.


Illustrative Composite Cases
 
Case 1

A patient in their 80s presented with dense right hemiplegia due to a left frontal subcortical infarct. The right arm was flaccid initially. There was no history of prior shoulder pain. At 2 weeks post-stroke assessment, the algorithm found reduced painful PROM involving the shoulder, elbow, wrist, and fingers. At 3 weeks, the therapy team noted that the left hand and wrist were swollen and painful with brawny skin; they were shiny and warm. The limb met the Budapest Criteria for CRPS in the wrist and hand with minimal joint movement in the painful wrist and fingers. The presence of spasticity was assessed. The elbow had reduced extension with an initial fast spastic catch or V3 at 90° and maximal slow ROM or V1 of 160° on the MTS and a MAS grade of 2. The shoulder abduction was up to 90°, limited by pain, thus spasticity could not be properly assessed, though a taut band was felt in the pectoralis muscles with abduction. A decision to first treat the CRPS was made due to the whole limb involvement. Here, 60 mg of prednisone was started with a daily taper (33). Within 5 days, the swelling in the hand resolved, passive manipulation was possible due to reduced pain. The temperature and discoloration normalized. There was mild stiffness, but no spasticity in the hand or wrist. The algorithm was re-implemented to assess the ongoing elbow and shoulder reduced ROM. The MAS remained 2 at the elbow and was now 2 with shoulder abduction. A DNB was performed to both the LPN and MSCN branch to the brachialis. This resulted in full PROM in both elbow and shoulder and a drop in MAS grade to 1+. The cause of the reduced ROM was determined to be due to spasticity. Then, 150 units of onabotulinum A (BoNT) were injected (50 units to the pectoralis, 60 units to the brachialis, and 40 units to the brachioradialis with ultrasound guidance). At 2 weeks' follow-up, there was no reported pain and increased PROM in the wrist and fingers. At 3 months, PROM was full in the elbow and shoulder with some active antigravity movements. There was no active movement in the fingers, but they were pain-free with full ROM.



Case 2

A patient in their 70s suffered a large subarachnoid bleed. There was no known prior history of shoulder pain. At 3 weeks, the examination found a painful capsular pattern to the shoulder, with passive abduction to 70°. A MAS grade of 2 was noted in the elbow flexors, which had a V3 of 110° and V1 of 170°. There was a spastic catch and release in the limited shoulder ROM, with a taut band in the pectoralis muscle noted, but the presence of pain made it challenging to measure. There were no features of CRPS. Using the algorithm, a diagnosis of isolated shoulder pain, with early capsulitis, was made in the presence of spasticity. A glenohumeral cortisone injection with 40 mg of Depo-Medrol and 4 cc of 2% lidocaine with ultrasound guidance was performed, as well as a guided suprascapular DNB with 2 cc of lidocaine. At 15 min, the shoulder pain was significantly diminished, and PROM had improved by 30°, but spasticity was unmasked to reveal MAS of 2 in the shoulder. On day 4, the pain was improved but spasticity remained. Using the algorithm, 150 units of BoNT were administered to the elbow flexors and shoulder adductors (brachialis, brachioradialis, and pectoralis muscles). Muscle tone continually improved over the course of 1 month, and there was full PROM of the shoulder and elbow with MAS grade of 1. No further treatment was required long-term.



Case 3

A patient in their 50s presented with left hemiplegia due to a right frontal lobe infarct. Within 5 days, there was left arm weakness with spasticity of MAS grade of 3 isolated to only the elbow flexors. There was no reported shoulder pain. There were active movements with gravity eliminated in the elbow and strong finger flexors. Treatment was offered with a total of 125 units BoNT to the brachialis and brachioradialis. At 1 month, ROM at the elbow had greatly improved, both actively and passively with a MAS of 1, with no V3, and a full V1 of 180°. At 3 months, as an outpatient, there was now a painful stiffness in the shoulder, limiting abduction and external rotation to <90°. Using the algorithm, it was notable that elbow flexor tone was normal, and the wrist and hand remained unaffected. No taut band was felt in the pectoralis muscle when the shoulder was passively abducted. There were no features of CRPS. It remained unclear if this was isolated shoulder pain or spasticity. A DNB of the LPN was performed. The pectoral muscles went flaccid post-injection, but no change in ROM occurred. Using the algorithm, a glenohumeral cortisone injection with a suprascapular DNB was performed, and the pain immediately improved, but minimal improvement in shoulder ROM was noted. An intra-articular cortisone injection was declined by the patient. A diagnosis of adhesive capsulitis was made. At 1 year post-stroke, active movements in the whole limb were graded from 4 to 5 (MRC), and spasticity was not detectable in the limb. The left shoulder ROM was improved with little pain, but there remained a mild capsular restriction.





DISCUSSION

The ideal management of HSP remains elusive. Patients typically receive focal intensive therapies in the initial months after a stroke, along with inpatient and outpatient therapies. A 2021 review found that 9.4% of patients with paresis will develop severe or disabling spasticity (36). Hefter et al. (37) noted that four of the five most common spasticity patterns in the upper extremity include adduction and internal rotation of the shoulder. Kwah et al. (18) demonstrated that of 200 consecutive patients, 25% of all stroke patients and 38% of moderate to severe stroke patients developed a shoulder contracture within 6 months (22 and 35% for elbows, 13 and 29% for wrists, respectively). Early intervention to prevent contracture development and disuse is the goal of post-stroke spasticity (PSS) care. Deltombe et al. (35) demonstrated the role of DNBs in differentiating spasticity from contracture in the foot and offered an elegant algorithm to guide the clinician. The post-acute HSP offers an additional diagnostic challenge due to frequency of CRPS and capsulitis in addition to the spasticity. Accurate assessment is additionally complicated by the possibility that CRPS, adhesive capsulitis, and spasticity may all be actively developing. Hence, the need for an algorithm to reflect this time dependence and heterogeneity.

The shoulder hand syndrome after stroke is a well-described variant of CRPS (38, 39), with an estimated incidence of up to 48.8% in the first 28 weeks (14). Risk factors include motor disability and trauma related to altered shoulder biomechanics. The two major types of CRPS (CRPS types I and II) are characterized by the presence or absence of an identifiable nerve injury. CRPS type I is not limited to an individual peripheral nerve and is associated with edema, skin blood flow abnormalities, and sudomotor activity in the region of the pain in the form of both allodynia and hyperalgesia. CRPS type II occurs after injury to a nerve or a major nerve branch innervating a particular region and causes a characteristic burning sensation in addition to allodynia and hyperpathia within the region. Clinical diagnosis is assisted by the patient's medical history and assessed by clinical examination using the Budapest Criteria (40, 41). Kalita et al. (42) proposed an assessment of post-stroke CRPS based on the work of Braus et al. (43).

The CSBPR offer that the diagnosis should be based on clinical findings including pain and tenderness of the metacarpophalangeal and proximal interphalangeal joints and can be associated with edema over the dorsum of the fingers, trophic skin changes, hyperesthesia, and limited ROM as level C evidence (9). When clinical diagnosis is unclear, the most commonly used imaging modalities to assist diagnosis are triple-phase bone scans, which detect the characteristic increased periarticular uptake in the distal joints (44, 45).

Altas et al. (46) examined the risk factors and clinical treatment parameters associated with post-stroke CRPS and concluded that the nociceptive and neuropathic pain etiologies encompassed by CRPS complicate treatment, and optimal treatment often requires a combination of treatment modalities. These can include pharmacological, orthotic, biomechanical, and electrophysiological therapies. In a review of the current CRPS literature, Van Eijs et al. (47) emphasized prioritization of pharmacological pain management and physical rehabilitation of limb function, noting they should be started as early as possible, while interventional pain management techniques are only considered when there is no improvement to limb function or pain.

A number of analgesic and anti-inflammatory pharmacological treatments have been assessed for efficacy in managing CRPS, including bisphosphonates, calcitonin, and corticosteroids. Corticosteroids are commonly used to treat CRPS post-stroke; a 1994 study showed 31 out of 34 post-stoke patients who developed CRPS achieved near-total relief within an average of 10 days following corticosteroids (43). Two studies by Kalita et al. (29, 42) demonstrated the viability of prednisolone (40 mg), as 89.7% of patients with post-stroke CRPS experienced an improvement in their symptoms following 1–2 months of treatment. Continuation of a lower dose of prednisolone (10 mg) for an additional 2 more months resulted in no recurrence of CRPS and continual improvement, whereas 50% had a recurrence when prednisolone treatment was stopped. Patients who discontinued treatment after 2 weeks had deterioration at 1 month and required reinstitution of prednisolone, following which 77% of them saw CRPS improvement within the next month, emphasizing the importance of monitoring the patients for resolution (29). The CSBPR affords prednisone as a treatment of CRPS as Level B evidence (9). The presence of CRPS severely compromises clinical assessment of spastic muscle overactivity due to the effects of pain with the movement of multiple joints; therefore, CRPS should be rapidly assessed and treated.

Post-stroke HSP has been attributed to rotator cuff disease, adhesive capsulitis, and spasticity subluxation (1, 7). It is important to rule out preexisting causes or common causes such as rotator cuff tendinopathy or osteoarthritis, as well as acquired plexus or lower motor traction injuries from the handling of the hemiplegic shoulder (48, 49). There is evidence showing that swollen suprascapular nerves might be related to painful shoulders in the aging population (50). Resistance to movement commonly coincides most with both capsulitis and spastic muscle overactivity.

Both the suprascapular DNB and intra-articular corticosteroids are shown to decrease pain and improve ROM in HSP (1, 7, 13, 51, 52) (Figure 2). Either intervention is readily accessible to clinicians providing care and may assist in distinguishing the contributions of pain vs. spastic muscle overactivity. Intra-articular injections with anesthetics and DNB allow one to immediately assess if capsular or joint pain is contributing to decreased ROM, as PROM and, if possibly, AROM are reassessed within minutes. A successful reduction of pain with a DNB also allows the implementation of longer-lasting nerve procedures with techniques that include phenol (53, 54) or pulsed radiofrequency (52, 55).


[image: Figure 2]
FIGURE 2. Suprascapular nerve block.


Upper extremity spastic muscle overactivity has been identified as one of the most common causes of HSP and may appear in the acute phase (56). Regardless of the pathology, a review found that HSP is higher than normal in patients with PSS (57). HSP patients showed significantly more spasticity in affected limbs compared to limbs that are pain-free (58). Reported prevalence of PSS, most commonly assessed using the MAS (59), ranges from 4 to 27% during the first 6 weeks after stroke (60).

Early treatment includes physical modalities, bracing, oral agents, and focal chemodenervation with BoNT or phenol/alcohol. While few studies have addressed early treatment with BoNT, the few available note that a trend of successful early treatment is possible with reduced doses (61–63). The most commonly targeted muscles for spasticity of the shoulder include the pectoralis and subscapularis muscles (53, 64–66), although consensus on which muscle to treat with BoNT varies widely (66). Treatments of PSS related to HSP are centered around improving arm abduction and external rotation. In the presence of pain, the assessment of spastic muscle overactivity may be compromised due to inability to completely range a joint, thus as addressed previously, pain reduction is a key first step and clinical assessment and treatment of CRPS and isolated shoulder pain should precede assessment of spastic muscle overactivity.

The development of PSS related to HSP may impair ROM. The pectoralis and subscapularis muscles contribute largely to the abduction and internal rotation of the shoulder. The pectoralis major muscle (PMM) is primarily innervated by branches of the brachial plexus; the MPN's role is supplementary, whereas the LPN's increased thickness and muscle innervation make it vital to proper function (67), and injury can result in total denervation, atrophy, and fibrosis of the PMM (68). Spasticity in the subscapularis muscles can limit shoulder abduction, flexion, and external rotation (23). Scapular rotation can also be impaired due to increased tone in the muscles attached to the scapular surface (latissimus dorsi, levator scapulae, rhomboid). These muscles surround the scapula and assist with abduction and the external and internal rotation of the glenohumeral joint.

As the adducted shoulder is a common painful pattern, pectoral DNB remains a key option to distinguish between spastic muscle overactivity and capsulitis. The PMM is the dominant and largest muscle with clavicular, sternal, and abdominal portions (69). The course of the nerve has been found to be consistent in anatomical studies that demonstrate that the LPN was found to course alongside the pectoral branches of the thoracoacromial blood vessels on the undersurface of the PMM in 100 consecutive patients (68) (Figure 3). The LPN was shown to innervate both heads of the PMM (32). Targeting the LPN may also have an effect on the pectoralis minor muscle, as it gives innervation to this muscle through the communicating ansa pectoralis (70). We have used the LPN in our algorithm, as the MPN is less consistent and deeper to access and has numerous branches (69). Unlike, the pectoral muscles, the subscapularis cannot be palpated and has numerous innervations; thus, DNB is not practical (71). The thoracodorsal nerve is highly consistent in its course. The nerve can be targeted after it enters the latissimus dorsi at a point midway along the thorax (72).


[image: Figure 3]
FIGURE 3. Lateral pectoral nerve block.


For the elbow, the recommended targets for nerve blocks are the branches of the MSCN nerve to the brachialis and biceps and the radial nerve to the brachioradialis (25, 31). For the wrist and fingers, median and ulnar nerve DNBs are performed.

Changes after motor DNB are documented by measuring changes to the fast catch V3 and slow stretch V1 ROM on the MTS (73). Filipetti and Decq (74) demonstrated the value of incorporating DNBs into the treatment approach of a cohort of 566 patients. Functional assessment was carried out using the MTS and MAS before and after DNB administration and determined that DNBs assisted in determining the relative contribution of the muscle or muscles contributing to overactivity and spasticity and muscle shortening leading to pathologic posture. They concluded that the method's ability in predicting new functional balance and treatment effectiveness is particularly valuable, and DNBs represent a necessary stage to patient assessment (74).

This algorithm has numerous limitations. The CSBPR notes the lack of evidence to evaluate and support any treatment pathway for HSP. Accepted outcomes for CRPS and spasticity are equally elusive, and there is no accepted universal outcome yet to validate the ViVe Algorithm. In the acute to subacute phase, weakness, flaccidity, visual and sensory neglect, and cognitive and language deficits preclude the use of most outcome tools. Lastly, the DNB is not universally practiced and requires knowledge of anatomy and technique. We note that the most up-to-date guide on DNB determined that Ultrasound (US) has not yet been sufficiently noted be superior to anatomical landmark, based on a paucity of literature (27). This literature is growing (30, 34, 75).



CONCLUSION

We believe this to be the first proposed algorithm to assess the early-phase HSP based on the presentation of a painful limb with reduced ROM, to distinguish from cases of flaccidity and subluxation. This algorithm is a proposal to guide clinicians into selecting the most appropriate diagnosis of the etiology of pain and reduction in ROM. Each of the conditions, CRPS, capsulitis, and spasticity, has existing treatment protocols that can used alone or in combination. The goal of the algorithm is to ultimately prevent irreversible contracture formation and pain from impairing recovery in the subacute phase when patients typically receive their most intense phase of rehabilitation. The ViVe Algorithm allows for collaboration between physiotherapists, occupational therapists, and spasticity physicians to develop a treatment pathway that allows all providers to produce optimal medical interventions.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

PW was responsible for the initial concept to create this paper and algorithm and created the illustrative case examples. JF performed the literature review and manuscript preparation. AP offered guidance, expert opinion, and contributed to the development of the algorithm and the manuscript. All authors contributed to the article and approved the submitted version.



REFERENCES

 1. Allen ZA, Shanahan EM, Crotty M. Does suprascapular nerve block reduce shoulder pain following stroke: a double-blind randomised controlled trial with masked outcome assessment. BMC Neurol. (2010) 10:83. doi: 10.1186/1471-2377-10-83

 2. Bohannon RW, Larkin PA, Smith MB, Horton MG. Shoulder pain in hemiplegia: statistical relationship with five variables. Arch Phys Med Rehabil. (1986) 67:514–6.

 3. Adey-Wakeling Z, Arima H, Crotty M, Leyden J, Kleinig T, Anderson CS, et al. Incidence and associations of hemiplegic shoulder pain poststroke: prospective population-based study. Arch Phys Med Rehabil. (2015) 96:241–7. doi: 10.1016/j.apmr.2014.09.007

 4. Huang YC, Liang PJ, Pong YP, Leong CP, Tseng CH. Physical findings and sonography of hemiplegic shoulder in patients after acute stroke during rehabilitation. J Rehabil Med. (2010) 42:21–6. doi: 10.2340/16501977-0488

 5. Roy CW, Sands MR, Hill LD. Shoulder pain in acutely admitted hemiplegics. Clin Rehabil. (1994) 8:334–40. doi: 10.1177/026921559400800410

 6. Ratnasabapathy Y, Broad J, Baskett J, Pledger M, Marshall J, Bonita R. Shoulder pain in people with a stroke: a population-based study. Clin Rehabil. (2003) 17:304–11. doi: 10.1191/0269215503cr612oa

 7. Yasar E, Vural D, Safaz I, Balaban B, Yilmaz B, Goktepe AS, et al. Which treatment approach is better for hemiplegic shoulder pain in stroke patients: intra-articular steroid or suprascapular nerve block? A randomized controlled trial. Clin Rehabil. (2011) 25:60–8. doi: 10.1177/0269215510380827

 8. Treister AK, Hatch MN, Cramer SC, Chang EY. Demystifying poststroke pain: from etiology to treatment. PM R. (2017) 9:63–75. doi: 10.1016/j.pmrj.2016.05.015

 9. Teasell R, Salbach NM, Foley N, Mountain A, Cameron JI, Jong A, et al. Canadian stroke best practice recommendations: Rehabilitation, recovery, and community participation following stroke. Part one: Rehabilitation and recovery following stroke; 6th Edition update 2019. Int J Stroke. (2020) 15:763–88. doi: 10.1177/1747493019897843

 10. Wilk KE, Arrigo CA, Andrews JR. Current concepts: the stabilizing structures of the glenohumeral joint. J Orthop Sports Phys Ther. (1997) 25:364–79. doi: 10.2519/jospt.1997.25.6.364

 11. Vorster W, Lange CP, Briët RJ, Labuschagne BC, du Toit DF, Muller CJ, et al. The sensory branch distribution of the suprascapular nerve: an anatomic study. J Shoulder Elbow Surg. (2008) 17:500–2. doi: 10.1016/j.jse.2007.10.008

 12. Vangsness CT Jr, Ennis M, Taylor JG, Atkinson R. Neural anatomy of the glenohumeral ligaments, labrum, and subacromial bursa. Arthroscopy. (1995) 11:180–4. doi: 10.1016/0749-8063(95)90064-0

 13. Picelli A, Bonazza S, Lobba D, Parolini M, Martini A, Chemello E, et al. Suprascapular nerve block for the treatment of hemiplegic shoulder pain in patients with long-term chronic stroke: a pilot study. Neurol Sci. (2017) 38:1697–701. doi: 10.1007/s10072-017-3057-8

 14. Kocabas H, Levendoglu F, Ozerbil OM, Yuruten B. Complex regional pain syndrome in stroke patients. Int J Rehabil Res. (2007) 30:33–8. doi: 10.1097/MRR.0b013e3280146f57

 15. Gracies JM. Pathophysiology of spastic paresis. I: paresis and soft tissue changes. Muscle Nerve. (2005) 31:535–51. doi: 10.1002/mus.20284

 16. Zorowitz RD, Gillard PJ, Brainin M. Poststroke spasticity: sequelae and burden on stroke survivors and caregivers. Neurology. (2013) 80:S45–52. doi: 10.1212/WNL.0b013e3182764c86

 17. Brainin M, Norrving B, Sunnerhagen KS, Goldstein LB, Cramer SC, Donnan GA, et al. Poststroke chronic disease management: towards improved identification and interventions for poststroke spasticity-related complications. Int J Stroke. (2011) 6:42–6. doi: 10.1111/j.1747-4949.2010.00539.x

 18. Kwah LK, Harvey LA, Diong JH, Herbert RD. Half of the adults who present to hospital with stroke develop at least one contracture within six months: an observational study. J Physiother. (2012) 58:41–7. doi: 10.1016/S1836-9553(12)70071-1

 19. Ada L, O'Dwyer N, O'Neill E. Relation between spasticity, weakness and contracture of the elbow flexors and upper limb activity after stroke: an observational study. Disabil Rehabil. (2006) 28:891–7. doi: 10.1080/09638280500535165

 20. Harvey LA, Katalinic OM, Herbert RD, Moseley AM, Lannin NA, Schurr K. Stretch for the treatment and prevention of contracture: an abridged republication of a cochrane systematic review. J Physiother. (2017) 63:67–75. doi: 10.1016/j.jphys.2017.02.014

 21. Namdari S, Alosh H, Baldwin K, Mehta S, Keenan MA. Shoulder tenotomies to improve passive motion and relieve pain in patients with spastic hemiplegia after upper motor neuron injury. J Shoulder Elbow Surg. (2011) 20:802–6. doi: 10.1016/j.jse.2010.10.023

 22. Namdari S, Alosh H, Baldwin K, Mehta S, Keenan MA. Outcomes of tendon fractional lengthenings to improve shoulder function in patients with spastic hemiparesis. J Shoulder Elbow Surg. (2012) 21:691–8. doi: 10.1016/j.jse.2011.03.026

 23. Murie-Fernández M, Carmona Iragui M, Gnanakumar V, Meyer M, Foley N, Teasell R. Painful hemiplegic shoulder in stroke patients: causes and management. Neurologia. (2012) 27:234–44. doi: 10.1016/j.nrleng.2012.05.002

 24. Price CI, Rodgers H, Franklin P, Curless RH, Johnson GR. Glenohumeral subluxation, scapula resting position, and scapula rotation after stroke: a noninvasive evaluation. Arch Phys Med Rehabil. (2001) 82:955–60. doi: 10.1053/apmr.2001.23826

 25. Genet F, Schnitzler A, Droz-Bartholet F, Salga M, Tatu L, Debaud C, et al. Successive motor nerve blocks to identify the muscles causing a spasticity pattern: example of the arm flexion pattern. J Anat. (2017) 230:106–16. doi: 10.1111/joa.12538

 26. Tardieu G, Hariga J. Treatment of muscular rigidity of cerebral origin by infiltration of diluited alcohol. (Results of 500 injections). Arch Fr Pediatr. (1964) 21:25–41.

 27. Yelnik AP, Hentzen C, Cuvillon P, Allart E, Bonan IV, Boyer FC, et al. French clinical guidelines for peripheral motor nerve blocks in a PRM setting. Ann Phys Rehabil Med. (2019) 62:252–64. doi: 10.1016/j.rehab.2019.06.001

 28. Fheodoroff K, Kossmehl P, Wissel J. Validity and reliability of the spasticity-associated arm pain scale. J Pain Manage Med. (2017) 3:127. doi: 10.35248/2684-1320.17.3.127

 29. Kalita J, Misra U, Kumar A, Bhoi SK. Long-term Prednisolone in post-stroke complex regional pain syndrome. Pain Physician. (2016) 19:565–74. doi: 10.36076/ppj/2016.19.565

 30. Picelli A, Chemello E, Verzini E, Ferrari F, Brugnera A, Gandolfi M, et al. Anatomical landmarks for tibial nerve motor branches in the management of spastic equinovarus foot after stroke: an ultrasonographic study. J Rehabil Med. (2019) 51:380–4. doi: 10.2340/16501977-2543 

 31. Winston P, Mills PB, Reebye R, Vincent D. Cryoneurotomy as a percutaneous mini-invasive therapy for the treatment of the spastic limb: case presentation, review of the literature, and proposed approach for use. Arch Rehabil Res Clin Transl. (2019) 1:100030. doi: 10.1016/j.arrct.2019.100030

 32. Wissel J, Bavikatte G, Matilde de Mello Sposito M, Picelli A, Winston P, Zuzek A. Development of an early identification tool in post-stroke spasticity (PSS): the PSS risk classification system. Arch Phys Med Rehabil. (2020) 101:e35. doi: 10.1016/j.apmr.2020.09.101

 33. Jamroz A, Berger M, Winston P. Prednisone for acute complex regional pain syndrome: a retrospective cohort study. Pain Res Manag. (2020) 2020:8182569. doi: 10.1155/2020/8182569

 34. Winston P, Mills P, Ganzert C, Reebye R, Vincent D. Cryoneurotomy as a novel adjunct to botulinum toxin treatment for the spastic elbow: a case study. Toxicon. (2019) 156:S114–5. doi: 10.1016/j.toxicon.2018.11.275

 35. Deltombe T, Wautier D, De Cloedt P, Fostier M, Gustin T. Assessment and treatment of spastic equinovarus foot after stroke: guidance from the Mont-Godinne interdisciplinary group. J Rehabil Med. (2017) 49:461–8. doi: 10.2340/16501977-2226

 36. Zeng H, Chen J, Guo Y, Tan S. Prevalence and risk factors for spasticity after stroke: a systematic review and meta-analysis. Front Neurol. (2021) 11:616097. doi: 10.3389/fneur.2020.616097

 37. Hefter H, Jost WH, Reissig A, Zakine B, Bakheit AM, Wissel J. Classification of posture in poststroke upper limb spasticity: a potential decision tool for botulinum toxin A treatment? Int J Rehabil Res. (2012) 35:227–33. doi: 10.1097/MRR.0b013e328353e3d4

 38. Aras MD, Gokkaya NK, Comert D, Kaya A, Cakci A. Shoulder pain in hemiplegia: results from a national rehabilitation hospital in Turkey. Am J Phys Med Rehabil. (2004) 83:713–9. doi: 10.1097/01.PHM.0000138739.18844.88

 39. Gokkaya NK, Aras M, Yesiltepe E, Koseoglu F. Reflex sympathetic dystrophy in hemiplegia. Int J Rehabil Res. (2006) 29:275–9. doi: 10.1097/MRR.0b013e328010b961

 40. Harden RN, Bruehl S, Stanton-Hicks M, Wilson PR. Proposed new diagnostic criteria for complex regional pain syndrome. Pain Med. (2007) 8:326–31. doi: 10.1111/j.1526-4637.2006.00169.x

 41. Bruehl S, Maihöfner C, Stanton-Hicks M, Perez RS, Vatine JJ, Brunner F, et al. Complex regional pain syndrome: evidence for warm and cold subtypes in a large prospective clinical sample. Pain. (2016) 157:1674–81. doi: 10.1097/j.pain.0000000000000569

 42. Kalita J, Vajpayee A, Misra UK. Comparison of prednisolone with piroxicam in complex regional pain syndrome following stroke: a randomized controlled trial. QJM. (2006) 99:89–95. doi: 10.1093/qjmed/hcl004

 43. Braus DF, Krauss JK, Strobel J. The shoulder-hand syndrome after stroke: a prospective clinical trial. Ann Neurol. (1994) 36:728–33. doi: 10.1002/ana.410360507

 44. Duong S, Bravo D, Todd KJ, Finlayson RJ, Tran Q. Treatment of complex regional pain syndrome: an updated systematic review and narrative synthesis. Can J Anaesth. (2018) 65:658–84. doi: 10.1007/s12630-018-1091-5

 45. Kwon HW, Paeng JC, Nahm FS, Kim SG, Zehra T, Oh SW, et al. Diagnostic performance of three-phase bone scan for complex regional pain syndrome type 1 with optimally modified image criteria. Nucl Med Mol Imaging. (2011) 45:261–7. doi: 10.1007/s13139-011-0104-x

 46. Altas EU, Onat SS, Konak HE, Polat CS. Post-stroke complex regional pain syndrome and related factors: experiences from a tertiary rehabilitation center. J Stroke Cerebrovasc Dis. (2020) 29:104995. doi: 10.1016/j.jstrokecerebrovasdis.2020.104995

 47. Van Eijs F, Stanton-Hicks M, Van Zundert J, Faber CG, Lubenow TR, Mekhail N, et al. Complex regional pain syndrome. Pain Pract. (2011) 1:70–87. doi: 10.1002/9781119968375.ch16

 48. Vasudevan JM, Browne BJ. Hemiplegic shoulder pain: an approach to diagnosis and management. Phys Med Rehabil Clin N Am. (2014) 25:411–37. doi: 10.1016/j.pmr.2014.01.010

 49. Kalichman L, Ratmansky M. Underlying pathology and associated factors of hemiplegic shoulder pain. Am J Phys Med Rehabil. (2011) 90:768–80. doi: 10.1097/PHM.0b013e318214e976

 50. Wu WT, Chen LR, Chang HC, Chang KV, Özçakar L. Quantitative ultrasonographic analysis of changes of the suprascapular nerve in the aging population with shoulder pain. Front Bioeng Biotechnol. (2021) 9:640747. doi: 10.3389/fbioe.2021.640747

 51. Hecht JS. Subscapular nerve block in the painful hemiplegic shoulder. Arch Phys Med Rehabil. (1992) 73:1036–9.

 52. Picelli A, Lobba D, Vendramin P, Castellano G, Chemello E, Schweiger V, et al. A retrospective case series of ultrasound-guided suprascapular nerve pulsed radiofrequency treatment for hemiplegic shoulder pain in patients with chronic stroke. J Pain Res. (2018) 11:1115–20. doi: 10.2147/JPR.S160622

 53. Botte MJ, Keenan MA. Percutaneous phenol blocks of the pectoralis major muscle to treat spastic deformities. J Hand Surg Am. (1988) 13:147–9. doi: 10.1016/0363-5023(88)90220-1

 54. Chironna RL, Hecht JS. Subscapularis motor point block for the painful hemiplegic shoulder. Arch Phys Med Rehabil. (1990) 71:428–9.

 55. Esparza-Miñana JM, Mazzinari G. Adaptation of an ultrasound-guided technique for pulsed radiofrequency on axillary and suprascapular nerves in the treatment of shoulder pain. Pain Med. (2019) 20:1547–50. doi: 10.1093/pm/pny311

 56. Van Ouwenaller C, Laplace PM, Chantraine A. Painful shoulder in hemiplegia. Arch Phys Med Rehabil. (1986) 67:23–6.

 57. Maxwell AMW, Nguyen VQC. Management of hemiplegic shoulder pain. Curr Phys Med Rehabil Rep. (2013) 1:1–8. doi: 10.1007/s40141-012-0001-y

 58. Poulin de Courval L, Barsauskas A, Berenbaum B, Dehaut F, Dussault R, Fontaine FS, et al. Painful shoulder in the hemiplegic and unilateral neglect. Arch Phys Med Rehabil. (1990) 71:673–6.

 59. Bohannon RW, Smith MB. Interrater reliability of a modified Ashworth scale of muscle spasticity. Phys Ther. (1987) 67:206–7. doi: 10.1093/ptj/67.2.206

 60. Wissel J, Verrier M, Simpson DM, Charles D, Guinto P, Papapetropoulos S, et al. Post-stroke spasticity: predictors of early development and considerations for therapeutic intervention. PM R. (2015) 7:60–7. doi: 10.1016/j.pmrj.2014.08.946

 61. Hesse S, Mach H, Fröhlich S, Behrend S, Werner C, Melzer I. The early Botulinum Toxin A injection may prevent a disabling finger flexor stiffness six months later in subacute stroke patients. Neurol Rehabil. (2011) 17:233–38.

 62. Rosales RL, Efendy F, Teleg ES, Delos Santos MM, Rosales MC, Ostrea M, et al. Botulinum toxin as early intervention for spasticity after stroke or non-progressive brain lesion: a meta-analysis. J Neurol Sci. (2016) 371:6–14. doi: 10.1016/j.jns.2016.10.005

 63. Fietzek UM, Kossmehl P, Schelosky L, Ebersbach G, Wissel J. Early botulinum toxin treatment for spastic pes equinovarus-a randomized double-blind placebo-controlled study. Eur J Neurol. (2014) 21:1089–95. doi: 10.1111/ene.12381

 64. Yelnik AP, Colle FM, Bonan IV, Vicaut E. Treatment of shoulder pain in spastic hemiplegia by reducing spasticity of the subscapular muscle: a randomised, double blind, placebo controlled study of botulinum toxin A. J Neurol Neurosurg Psychiatry. (2007) 78:845–8. doi: 10.1136/jnnp.2006.103341

 65. Kong KH, Neo JJ, Chua KS. A randomized controlled study of botulinum toxin A in the treatment of hemiplegic shoulder pain associated with spasticity. Clin Rehabil. (2007) 21:28–35. doi: 10.1177/0269215506072082

 66. Simpson DM, Patel AT, Alfaro A, Ayyoub Z, Charles D, Dashtipour K, et al. OnabotulinumtoxinA injection for poststroke upper-limb spasticity: guidance for early injectors from a Delphi panel process. PM R. (2017) 9:136–48. doi: 10.1016/j.pmrj.2016.06.016

 67. Beheiry EE. Innervation of the pectoralis major muscle: anatomical study. Ann Plast Surg. (2012) 68:209–14. doi: 10.1097/SAP.0b013e318212f3d9

 68. Hoffman GW, Elliott LF. The anatomy of the pectoral nerves and its significance to the general and plastic surgeon. Ann Surg. (1987) 205:504–7. doi: 10.1097/00000658-198705000-00008

 69. Haładaj R, Wysiadecki G, Clarke E, Polguj M, Topol M. Anatomical variations of the pectoralis major muscle: notes on their impact on pectoral nerve innervation patterns and discussion on their clinical relevance. Biomed Res Int. (2019) 2019:6212039. doi: 10.1155/2019/6212039

 70. Creze M, Peltier J, Havet E, Potier A, Lefranc M, Foulon P, et al. Anatomy and surgical landmarks for the ansa pectoralis: application to pectoralis major nerve selective neurotomy. Surg Radiol Anat. (2012) 34:943–51. doi: 10.1007/s00276-012-0990-3

 71. McCann PD, Cordasco FA, Ticker JB, Kadaba MP, Wootten ME, April EW, et al. An anatomic study of the subscapular nerves: a guide for electromyographic analysis of the subscapularis muscle. J Shoulder Elbow Surg. (1994) 3:94–9. doi: 10.1016/S1058-2746(09)80116-X

 72. Tubbs RS, Jones VL, Loukas M, Cömert A, Shoja MM, Wellons JC 3rd, et al. Anatomy and landmarks for branches of the brachial plexus: a vade mecum. Surg Radiol Anat. (2010) 32:261–70. doi: 10.1007/s00276-010-0620-x

 73. Gracies JM, Bayle N, Vinti M, Alkandari S, Vu P, Loche CM, et al. Five-step clinical assessment in spastic paresis. Eur J Phys Rehabil Med. (2010) 46:411–21.

 74. Filipetti P, Decq P. Interest of anesthetic blocks for assessment of the spastic patient. A series of 815 motor blocks. Neurochirurgie. (2003) 49:226–38.

 75. Matsumoto ME, Berry J, Yung H, Matsumoto M, Munin MC. Comparing electrical stimulation with and without ultrasound guidance for phenol neurolysis to the musculocutaneous nerve. PM R. (2018) 10:357–64. doi: 10.1016/j.pmrj.2017.09.006

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Fitterer, Picelli and Winston. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-12-668370-g003.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A Novel Approach to New-Onset Hemiplegic Shoulder Pain With Decreased Range of Motion Using Targeted Diagnostic Nerve Blocks: The ViVe Algorithm



		Introduction



		Methods



		Results



		Illustrative Composite Cases



		Case 1



		Case 2



		Case 3













		Discussion



		Conclusion



		Data Availability Statement



		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

A Novel Approach to New-Onset
Hemiplegic Shoulder Pain With
Decreased Range of Motion Using
Targeted Diagnostic Nerve Blocks:
The ViVe Algorithm





OPS/images/fneur-12-668370-g001.gif





OPS/images/fneur-12-668370-g002.gif
Suprasprsts










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





