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Background: Spasticity is a known complication to the hemiplegic shoulder following acquired brain injury. However, there is a current discrepancy between the diagnosis of arm spasticity and the subsequent assessment and treatment of spasticity in people with shoulder involvement.

Objective: An expert panel aimed to establish a consensus and provide a simple structured approach to identifying and assessing people with spasticity of the hemiplegic shoulder.

Methods: A consensus group of six spasticity experts were interviewed individually via 1-h video calls to ascertain how they assess people with arm spasticity for shoulder involvement. During an in-person meeting in March 2023, a consensus-building process was used to discuss four topics: a checklist/tool to identify shoulder involvement in upper limb spasticity, measurements/scales for assessing shoulder spasticity, ‘red flags’ for other conditions affecting the shoulder, and assessment limitations and practicalities.

Results: Where there was full agreement on a topic, recommendations to overcome challenges for initial and ongoing assessment of shoulder spasticity and goal-setting were developed, and categorized as Posture, Purposeful activity and Pain (‘the three Ps’). Posture should be observed when sitting and walking, as appropriate for the person, and compared to published shoulder spasticity patterns. Purposeful activity should be assessed using a systematic approach. The presence and nature of shoulder pain should be ascertained. Recommendations on impairment- and function-related measures are given.

Conclusion: This consensus guidance provides practical recommendations on identifying shoulder spasticity to support clinicians in their management of people with neurological shoulder dysfunction.
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1 Introduction

The hemiplegic shoulder following acquired brain injury restricts movement and can cause pain; impacts negatively on mobility, hygiene, sleep, carer burden and social interaction; and affects quality of life (1–3). Clinicians must be able to identify and treat all contributing and interacting components of the hemiplegic shoulder, including consequences of impaired motor control, musculoskeletal changes, nociceptive and neuropathic pain drivers, and abnormal muscle tone (1–3).

Spasticity is a common symptom impacting the hemiplegic shoulder (1, 4, 5). Spasticity is a positive feature of the upper motor neuron syndrome, characterized by a velocity-dependent increase in muscle tone (6, 7). Disrupted control of the tonic stretch reflex results in abnormal muscle tone with movement (8). Spastic dystonia represents a spontaneous involuntary muscle activation of antagonistic muscles (7), is not velocity dependent and is characterized by the inability of the muscle to relax at rest (9, 10). It can result in pathological postures associated with pain, both at rest and when moving the arm. Furthermore, spastic co-contraction alters normal movement independent of any stretch (11). Spastic dystonia influences posture and can limit passive and active movements (12). Without effective intervention, pathological postures as a result of spastic dystonia and spasticity are then likely to contribute to soft-tissue changes and possible contracture development (11, 13). Potential differential diagnoses that should be considered when assessing patients for potential spasticity involving shoulder muscles are summarized in Table 1 and include adhesive capsulitis and complex regional pain syndrome.



TABLE 1 Differential diagnoses to consider when assessing a patient for potential spasticity affecting shoulder muscles.
[image: Table1]

Traditionally, several factors have limited clinician confidence in identifying and treating shoulder spasticity. In our opinion, assessment is often perceived as complicated; muscle targets for therapeutic botulinum toxin injection may be unfamiliar and injectors may be concerned about causing instability. A structured approach can provide confidence in incorporating multi-patterned botulinum toxin type A (BoNT-A) injections into the treatment plan for people with spastic hemiplegic shoulder. This is suggested as first-line treatment in the Royal College of Physicians and Toxnet guidelines (3, 14) and is the rationale for this work. However, it should also be noted that shoulder spasticity is almost never addressed in isolation and, as with any spasticity management, it is always about supporting wider management or rehabilitation. Since underlying musculoskeletal pathologies, present before or occurring simultaneously with the neurological impairment, could also trigger and perpetuate spasticity and spastic dystonia, these factors should additionally be assessed and addressed before treating the spasticity.

Unmet need is illustrated by real-world data on post-stroke arm spasticity from the Upper Limb International Spasticity Study-II (ULIS-II). This study found that 56% of people had shoulder spasticity on examination, contrasted with only 32% treated with BoNT-A injections to shoulder muscles (15). A survey of Canadian physicians in 2021 found that the injection technique and location of intramuscular BoNT-A for shoulder spasticity is highly variable among physicians and clinics (16). A clinical trial allowing clinicians treating post-stroke spasticity a choice of dose and target of BoNT-A across a range of upper limb muscles in successive treatment cycles reported only 11% of people had shoulder muscles injected in the first cycle of treatment (17), increasing to 41% of people in the fourth cycle of treatment (18). The increase was driven by the need for more effective treatment to achieve goals and was associated with improved outcomes. Such evidence highlights the need to develop a more structured approach in assessment and treatment of the shoulder.

Representative clinical trials have demonstrated the benefit of BoNT-A injections to range of shoulder movement (17, 18) and reduction of shoulder spasticity and associated pain (19, 20). Observational studies demonstrate the suitability of a pattern-based approach. In a study of 665 people with post-stroke arm spasticity, 90% of people presented with internal rotation and shoulder adduction, a characteristic of all five different arm position patterns classified in arm spasticity by Hefter et al. (21) and the two shoulder patterns subsequently described by Jacinto et al. (22).

Despite research and clinical evidence supporting use of BoNT-A in shoulder muscles for arm spasticity, shoulder involvement remains under-diagnosed and under-treated. Recent publications provide guidance on shoulder management with BoNT-A, including spasticity patterns and recommendations on muscle selection and injection techniques (14, 22–24). For details of target muscles, suggested doses for the three available BoNT-A products, and injection points, the reader is referred to Appendix 2 of the Royal College of Physicians guidelines (3). Here we build on this with additional pragmatic guidance on identification of shoulder involvement in the clinic.

An expert panel was established to address the discrepancy between identification of arm spasticity and the evaluation and treatment of spasticity in shoulder muscles. The objective was to establish consensus and provide practical guidance to ensure that clinicians treating people with arm spasticity also consider and are confident identifying shoulder involvement. As such, this work is intended to be a simple and practical introductory guide for less experienced injectors to apply in clinic, and it is beyond the scope of this article to provide a detailed diagnostic and management approach. Detailed recommendations are provided concerning the initial assessment of the shoulder for spasticity involvement, while the reader is referred to useful publications that are already available concerning the treatment and management of shoulder spasticity.



2 Materials and methods

A consensus group was convened through invitation based on credentials of expertise evidenced as involvement in publication or national level teaching on use of botulinum toxin for the management of shoulder spasticity. This comprised six spasticity experts with a median of 20 years’ (range 14–40 years) experience in spasticity management as well as involvement in arm spasticity studies and publications. There were two neurologists (JW and RF), two physiotherapists (SA and AR) and two rehabilitation doctors (DH and GB). Five were based in the UK and one was based in Germany. Experts were interviewed individually by the sponsor (Merz Therapeutics GmbH) via 1-h video calls to understand how they assess people with arm spasticity for shoulder involvement. Each expert was provided with the same series of open-ended questions ahead of their interview, as shown in Supplementary Table 1.

Manual transcription edited all verbal responses into distinct outputs. These were collated and deductively mapped to the structure of the four main topics that were covered: (i) development of a checklist and tool for the identification of spasticity requiring treatment in hemiplegic shoulder impairment, (ii) recommended measurements and scales for assessing shoulder spasticity, (iii) ‘red flags’ for conditions other than spasticity affecting the shoulder, and (iv) assessment limitations and practicalities.

Responses were discussed with a consensus-building process during a 6-h face-to-face focus group meeting in March 2023. The expert group were reminded of background and goals followed by facilitated discussion and consensus-building on the four main topics, chaired by a member of the expert panel. Audio and video of the meeting were recorded. Consolidated outcomes following the consensus meeting were extracted from transcripts and used to form the basis of this report.



3 Results

Following the consensus process, 100% agreement between the expert panel on the topics discussed during the consensus-building process was achieved, with any disagreements resolved during the consensus discussions. This resulted in the development of recommendations to overcome the challenges for initial and ongoing assessment of shoulder spasticity, in addition to strategies for goal-setting.


3.1 Initial assessment – ‘the three Ps’

The recommendations for initial assessment were grouped into three categories: Pain, Posture and Purposeful activity (‘the three Ps’). We recommend that the shoulder should always be included in the initial assessment of a person with arm spasticity and propose a checklist to guide the initial assessment process, as shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Recommendations for identifying shoulder involvement in arm spasticity.


Pain in the shoulder should be explored with the person to understand when it is present and the nature of that pain (e.g., specific pain on movement and when in the movement it occurs). Spasticity-associated pain is usually characterized by stretch-induced or stretch-accelerated nociceptive pain (20, 25). Impingement is another reason for nociceptive pain when moving a shoulder, but impingement-related pain is usually not velocity dependent (25). It is important to always observe for pain behaviors (26, 27), and objective measures of these may be useful when assessing non-verbal patients (e.g., items of the Pain Behavioral Scale). Where a passive range of movement allows, the position of movement triggering pain may be informative or it may be possible to apply specific tests to localize musculoskeletal pain to a specific tendon (e.g., in supraspinatus tendinopathy). Osteoarthritic joint pain can be non-specific but may be worse after inactivity, with repetitive use or at the end of the day, and movements may be associated with crepitus. In a patient without voluntary active movement and pathological postures, pain approaching the end of passive range associated with harder ‘end-feel’ is likely to be related to contracture. Neuropathic pain may be associated with descriptors such as burning or needling, or there may be associated hypersensitivity or neurotrophic change.

Posture should be observed when sitting and, if the person is able to, when walking, or standing/assisted standing position. Posture can be compared with published patterns of shoulder spasticity; for example, the two shoulder-specific patterns reported by Jacinto et al. (22) and reproduced in Figure 2, which are the most common patterns encountered in clinical practice.

[image: Figure 2]

FIGURE 2
 Two most common shoulder spasticity patterns. (A) Adduction, elevation, flexion and internal rotation of shoulder. (B) Abduction or adduction, extension and internal rotation of shoulder. Figure modified from Jacinto et al. (22) under a CC BY 4.0 copyright license.


Purposeful activity should be assessed using a systematic approach, first testing passive glenohumeral flexion/extension, external rotation and passive abduction. Clinicians should feel for subluxation and, if present, should try to reduce (support) it with upward pressure before checking passive and active movement to reduce the risk of further injury during the assessment process. Care should be taken with abduction above 90 degrees to reduce risk to commonly injured rotator cuff muscles and tendons (e.g., supraspinatus and infraspinatus). If the person can move the affected limb, they should be asked to attempt functional activity that involves moving their hand into a specific position to complete a task (i.e., involving the whole arm where possible). The person and their carer should be asked about which activities they have difficulty with, including carer-assisted washing and dressing if applicable, to fully understand the impact of shoulder impairment.

In addition to ‘the three Ps’, the expert panel recommended considering alternative pathologies to enable differential diagnosis between any contribution of spasticity to shoulder impairment and the more common factors (e.g., weakness, rotator cuff damage, etc.) causing shoulder pain and dysfunction. In many cases, shoulder dysfunction and pain will be multifactorial, and the different elements (including spasticity) will need to be addressed.



3.2 Resulting treatment: goal-setting

A goal-setting discussion between the person with a neurological shoulder condition, their carer and the clinical team is recommended to set goals that are measurable, achievable and tailored to that person. The goals should consider specific activities that the person with a neurological condition and resulting shoulder impairment would like to be able to perform as well as the observed limitations experienced by the individual. Clinicians should be aware that nearly every upper limb goal will involve the shoulder. For example, a goal focussing on finger function is dependent on the individual being able to move their shoulder to get their hand into position.

Clinicians should be aware of the goal categories from Royal College of Physicians (RCP) guidelines in the United Kingdom and the Goal-Oriented Facilitated Approach to Spasticity Treatment (GO-FAST) tool and based on that knowledge the team should discuss individual goals with the patient and the caregiver. We recommend use of the common goal categories from the RCP guidelines (3) to aid goal-setting: (i) active function, (ii) passive function, (iii) pain relief, (iv) reduction of involuntary movements, (v) prevention of contractures/deformity, and (vi) mobility. The GO-FAST tool can be used by clinicians to provide guided assistance with goal-setting and target muscle selection for BoNT-A treatment (28). Spasticity-related goals should be set considering the three ‘P’ categories: Pain, Posture and Purposeful activity, using Goal Attainment Scaling (GAS) (29, 30) to assess the achievement of goals.

For treated individuals, we recommend looking at which goals have been set previously, and whether they were achieved or not. If they were not achieved and treatment was focused on the hand, then it is important to consider whether shoulder treatment could help to achieve their goal.



3.3 Relevant measures

In keeping with RCP guidelines (3), the authors acknowledge the usefulness of the Focal Spasticity Index measures. This comprehensive approach to measuring extent and impacts of shoulder spasticity uses a battery of relevant measures. The different elements provide measures across a range of impairment and activity frequently involved in upper limb spasticity treatment plans. Measures cover passive and active function, associated reactions, pain and quality of life. The most frequently used measures are captured in Figure 3.
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FIGURE 3
 Recommended measures for managing shoulder spasticity.


Impairment-related measurements include the Modified Ashworth Scale (MAS) (31), passive and active range of motion assessments, and a numeric graphic rating scale for pain (3). Items measured may overlap with goals identified for scoring with GAS, allowing efficiency in clinic. Measuring function with the Arm Activity Measure (ArmA) (32) is particularly useful in this regard as it has the advantage of covering passive and active function, is suitable for use in spasticity and can be scored by the patient or their carers. An additional measure the authors find useful for monitoring response of pain to treatment is the Spasticity-Associated Arm Pain Scale. This records pain with shoulder abduction and external rotation, elbow, wrist and finger movements (27). It has the advantage of being quick to apply and can be used for people without verbal communication.



3.4 Useful management resources

The following publications provide further guidance for the clinician on managing spasticity in neurological shoulder dysfunction: (i) details on hemiplegic shoulder assessment and management by Lakra et al. (33), (ii) a framework to manage hemiplegic shoulder impairment (including pain) by Walsh et al. (34), an integrated care pathway for the management of hemiplegic shoulder pain (35), (iii) management of spasticity at the shoulder by Jacinto et al. (22) and (iv) the ViVe Algorithm, which provides a useful approach to considering diagnostic nerve blocks in the assessment and management of hemiplegic shoulder pain when spasticity first develops, by Fitterer et al. (36).




4 Discussion

Shoulder movement is important to nearly all upper limb treatment goals, therefore shoulder spasticity should always be considered in the management plan where shoulder impairment is identified. According to published studies (15, 17, 18) and the clinical experience of this expert panel, shoulder involvement in arm spasticity is currently underdiagnosed and undertreated. This may be due to a lack of guidance on how to identify shoulder involvement and a lack of awareness of the prevalence of shoulder spasticity following acquired brain injury. Licensed indications, muscles and total doses of BoNT-A may also play a role as well as a lack of training in localisation and guided injection of the shoulder muscles.

For the initial assessment of shoulder spasticity, ‘the three Ps’ provides a useful grouping of the consensus recommendations. Observation of posture at rest, in standing and walking will alert to commonly encountered patterns of spasticity involving shoulder muscles. Observation of pain responses during systematic examination of the shoulder will alert to spasticity-associated pain, or other contributing musculoskeletal pathologies. Passive elevation of the arm in the scapular plane should be considered, and attention should be given to external rotation and abduction, with extra care taken to avoid injuring the individual when external rotation and abduction are limited. To observe spasticity impact on purposeful activity, if the individual can move the affected limb, they should be asked to attempt actions that involve moving their hand into a specific position to complete a task. The individual and their carer should be asked about which activities they have difficulty with, including carer-assisted washing and dressing, if applicable, to help in identifying shoulder impairment.

This guidance alerts the reader to the importance of identifying shoulder spasticity when setting upper limb treatment goals and provides a simplified practical approach for first steps in embedding this into clinical practice. As the clinician’s confidence builds, they will begin to refine their examination, learning to apply specific tests for the various musculoskeletal and neuropathic processes that overlap. Detailed discussion of these is beyond the scope of this introductory approach, but frequently encountered co-existing pathologies affecting the shoulder are highlighted, and direction is given to useful resources to develop ability in diagnosis and management.

Service design is an important part of being able to deliver effective treatment plans. Limitations of staff time and clinic resources may put pressure on detailed assessment and treatment of the shoulder at the expense of the most appropriately targeted treatment. Initial telephone or virtual consultations (or pre-clinic questionnaires) can help to plan effective use of clinic time.

Neurologic shoulder dysfunction is complicated and multifactorial and consequently any successful treatment plan will likely require multiple treatment interventions (Table 2). Multi-patterned BoNT-A injections are the suggested first-line treatment for people with spastic hemiplegic shoulder (3, 14). However, treatment may be limited when the necessary equipment for guiding injections (24, 37–43) is not available.



TABLE 2 Overview of management options for spasticity affecting neurological shoulder dysfunction.
[image: Table2]

In recognition of these limitations, a simple structure has been developed by the expert panel to assist clinicians with assessment of the shoulder for spasticity involvement, and subsequent treatment, where indicated. The recommendations are designed to be applicable in a busy clinical environment, where time with the person with a neurological shoulder condition may be limited.



5 Conclusion

Inclusion of the shoulder in management of arm spasticity is inconsistent. A simple structure has been developed to assist clinicians with assessment of the shoulder for spasticity involvement. Shoulder movement is important to nearly all arm treatment goals; therefore, shoulder spasticity should always be considered in (or excluded from) the management plan. These consensus recommendations provide clinicians with practical guidance on identifying spasticity of the shoulder associated with stroke or other neurological conditions and support them in their approach to managing people with neurological shoulder dysfunction.
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0 Ask or observe whether the person experiences shoulder pain
— on movement (passive, and active if possible)?
— atrest?
— at night?

0 Ask the person about the ‘quality’ of the pain —e.g., is there a sensation of
pressure, itching or burning?

0 Ask the person whether they can position their arm so it's comfortable. Do they
need arm support to protect the shoulder?

0 Check for other related symptoms, e.g., headache, as part of a holistic assessment

0 As part of a holistic assessment observe posture of the arm, shoulder and trunk,
considering the two most common arm spasticity patterns:
(A) adduction, elevation, flexion and internal rotation of shoulder
(B) abduction or adduction, extension and internal rotation of shoulder

— Look for visual indicators relating to sitting position and arm position

— For people able to walk, observe their arm and shoulder for spasticity impact on
gait

" Purposeful Activity

0 Use a systematic approach to assessment
1. Test passive glenohumeral joint flexion
2. Test external rotation
— Compare extemal rotation on both sides as this is often limited
— If external rotation is limited, proceed with caution with further external rotation or abduction
3. Test passive abduction then back to resting position
O If they are able to move, assess the person for the following actions:
— Can they put their hand on a table in front of them?
— Can they reach to shoulder height?

— Are they able to stabilise their shoulder for a dexterous task, e.g., picking up a pen from a
table?

0 Ask the person/carer which activities are currently difficult
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