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Timing of referral for consideration of surgery
to the upper limb in patients with spasticity after
stroke
Conceptual paper

Stroke may result in significant disability to the affected individual.
Each year there are 152,000 strokes in the UK resulting in 1.2million
stroke survivors? Stroke survivors may have a disability of the lower
limb and/or the upper limb leaving one third of subjects dependent on
others (Stroke association) resulting in a significant burden to families
and social care systems.
The upper motor neuron lesion may cause spasticity in the affected
limbs. The pathophysiological processes causing spasticity are not
fully understood, however there is muscle imbalance, impaired
movement, abnormal joint posture and functional impairment. The
altered function of the upper limb may result in limitations in the
activities of daily living.
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At the acute phase (minutes to hours) after a stroke the treatment
is focused on minimizing the extent of the neurological damage
by restoring and enhancing blood supply to the affected area of
the central nervous system. The sub-acute phase of stroke (days to
weeks) treatment is focused on helping the patient to recover from
the cerebrovascular event and prevention of further episodes. During
this phase the limb priority is the prevention of deformity due to joint
contractures from spasticity and recruitment of the affected limb
for functional tasks using techniques including constraint-induced
movement therapy. Static preventative splinting techniques and
chemo-denervation are the main treatment interventions introduced
at this stage to assist in upper limb rehabilitation in patients with
hypertonia. Treatment is individualized and depends on the degree
of physical and cognitive impairment the functional potential and the
general medical condition of the patient.

musculocutaneous nerve can improve elbow position, reduce pain,
improve hygiene and ease of dressing. Satisfactory outcomes have
been described.2,3

Neurologic recovery is not expected to continue for more than
5months following the cerebrovascular event (Jørgensen HS et al,
1995). Functional recovery may continue to improve with therapy
interventions but there is no significant change in the patient’s
neurological status.

When the affected joint is the shoulder and there is adduction
contracture with painful inferior glenohumeral subluxation, tenotomy
of the pectoralis major, lattisimus dorsi and teres major can be
supplemented by a biceps suspension procedure. Pain is reduced and
passive range of motion is improved.9 Elbow contractures may require
release of the brachioradialis, biceps and brachialis. A lateral incision
avoids the elbow flexor crease where the skin quality may be poor and
scar contractors may result in recurrent deformity. The results of elbow
releases are reported by Keenan4 demonstrating good correction of the
deformity with high patient and care satisfaction rates. Neurectomy of
the musculocutaneous nerve has also been described in patients with
non-functional upper limbs with satisfactory results in 29/30 (97%)
of the patients.2,3 When the forearm is involved and spastic pronation
needs to be improved, release of the pronator teres is performed from
its insertion onto the radius shaft.

In the non-functional limb with no volitional control hygiene and
difficulties in dressing are common problems facing patients and
carers. Surgical intervention may help in the non-functional spastic
limb either in the prevention of contractures or in the correction of
contractures. Procedures aimed at reducing deforming forces across
joints include muscle-tendon lengthening, tendon transfers, and
neurectomies.
In the non-functional shoulder the spastic pectoralis major,
latissimus dorsi, teres major and subscapularis muscles can be
released1 reducing pain, improving passive range of motion, axillary
hygiene and ease of washing and dressing. Upper limb tone reduction
may improve lower limb function with improved gait cadence and
reduced energy expenditure of walking. Selective motor neurectomies
in the infra-clavicular brachial plexus may achieve the same result in
patients with no contractures or can be supplemented with splinting
in mild contractures. In the non-functional elbow, neurectomy of the
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In the nonfunctional wrist transfer of the flexor digitorum
superficialis to the flexor digitorum profundus (STP tendon transfer)
combined with lengthening of the wrist flexors and the flexor policies
longus4,5 or neurectomy of the ulnar nerve6,7 have provided satisfactory
results.
Longstanding, severe or poorly managed spasticity may result in
the development of joint contractures.8 Fixed joint deformities may
be treated with serial casting but are generally resistant to therapy
interventions. Washing, dressing and hygiene difficulties may be
addressed surgically. Severe contractures will always require muscletendon releases to improve passive range of motion.

If the wrist is involved and the deformity is not passively
correctable, tendon releases are unlikely to fully correct the postural
deformity. A corrective wrist fusion is indicated in such cases10
and may be combined with a proximal row carpectomy or capitate
recession into the distal radius with arthrodesis as described by Louis
et al.11
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When the small finger joints are stiff causing a clenched fist
deformity and a soft tissue procedure (STP transfer) fails to correct the
posture, metacarpal head excision through a dorsal transverse incision
is a useful strategy to improve finger position and to improve palmar
hygiene.12

In the post-stroke functional upper limb earlier consideration of
surgical intervention may provide a more permanent and consistent
reduction in spasticity, maintain or enhance the functional status of the
limb, reduce care dependence and the disruption of frequent hospital
visits for chemo-denervation interventions.

In a functional limb with some volitional control rehabilitation
strategies are aimed at improving the functional status of the limb.
Operative interventions are sometimes indicated and are aimed at
enhancing conservative interventions through rebalancing forces
across joints. Chemo-denervation in targeted muscles can usually
achieve this rebalancing without surgery. Repeated use of chemodenervation is frequently beneficial however patients may experience
weakness, incomplete spasticity correction and have periods of high
tone between treatments after the chemo-denervating agent has worn
off. The resulting variable functional outcomes are frustrating for
the functional patient. In such cases a surgical denervation may be
considered. Joint deformity and high tone may also be managed with
tendon lengthening, albeit at a cost of reduced strength.

The timing of referral for surgical assessment and the role of early
surgical intervention was debated by multi-professional delegated at
the recent UK Upper Limb Spasticity Meeting at the Birmingham
Hand Centre in October 2017 “Pathways of care for the post-stroke
patient with upper limb spasticity”. The conclusion of the meeting
was that earlier involvement of the surgical team is essential to
optimize functional recovery and to prevent deterioration due to joint
imbalances and the development of contractures.

If the shoulder is functional and spasticity needs to be reduced
fractional lengthening of pectoralis major, latissimus dorsi and teres
major have been described.13 Patients were reported to have reduced
pain and significant improvement in active and passive shoulder
motion with 92% of patients satisfied with the results of surgery.
In the functional elbow, z-lengthening of the biceps, fractional
lengthening of the brachialis tendon and release of the origin of the
brachioradialis4 has been the most common intervention. Satisfactory
results were reported by Landi et al.14 Musculocutaneous neurectomy
may provide patients with better control of elbow function, satisfactory
pain relief and reduction of spasticity as demonstrated by the modified
Ashworth scale and patient reported satisfaction.15
If spasticity of the pronator teres is causing pronation deformity of
the forearm, fractional lengthening of the pronator teres has proved
beneficial in functional limbs.
When spasticity involves the wrist and finger flexors tendon
lengthening (either fractional lengthening or Z-lengthening) of the
involved wrist and finger flexor muscles can improve the function of
the involved hand. Active extension of the digits has to be assessed
individually and may be augmented if needed using tendon transfer.4
Spasticity of the intrinsic muscles may require intervention and
treatment should be tailored to the individual.
Although there are surgical options for the functional and nonfunctional upper limb after stroke, the optimum timing for surgical
intervention has not been established. Traditionally operative
treatment was considered when non-operative measures failed to
prevent contracture formation and the aim was to improve joint
position and hygiene. Unfortunately, many patients have early
limited function for simple activities in the early post stroke period
but because of hypertonia they lose critical parts of their range of
movement and develop contractors and the limb may become nonfunctional. Judicious early surgical intervention in such cases may
preserve or improve the functional status of the limb.
In the severely impaired upper limb, prolonged physiotherapy
does not provide the patient with long-term functional gain.16
Prolonged hypertonia and muscle imbalance cause contractures that
can be detrimental for the patient.8 In these patients earlier surgical
intervention can facilitate nursing care, reduce pain and improve
hygiene.

Predictive factors for severe upper limb impairment were
presented.17 Careful and standardized assessment of patients in the
early post stroke phase highlights those that are at risk of contractures
and should prompt surgical referral. The results of a trial exploring
the role of early administration of botulinum toxin was presented
demonstrating reduced elbow joint contracture development18 and
the results of non-operative treatment modalities were reviewed.
The optimum timing of referral for surgical management was
debated with presentations from both physiotherapists and surgeons.
Consensus was achieved and the conclusion of the meeting was that
standardizing assessment parameters, early interventions and earlier
multi-professional review would enhance the outcome for the poststoke patient.
All delegates were invited to contribute to a post-meeting survey
regarding timing of referral for surgical intervention in the poststroke patient. The respondents included hand, orthopedic and plastic
surgeons, neurorehabilitation consultants, physiotherapists, hand
therapists and stroke physicians. There were 38 survey respondents.
Delegates were able to give more than one answer to the question
on timing of referral for surgical assessment: 24/38 thought optimum
surgical assessment timing was 6months post-stroke; 4/38 at
12months; 8/38 after failed non-operative management; 8/38 after the
development of joint contractures and 5/38 felt that the request for
surgical assessment should be initiated by the patient.
The majority of delegates (63.1%) agreeing that the optimum
time for operative intervention should be at 6 months post-stroke
matches the point at which further spontaneous neurological recovery
is unlikely. This view is different to what the authors report from
their own practices where typically referral for a surgical opinion is
more than 3 years post-stroke with established joint contractors and
attendant complications.
The adoption of the multi-professional consensus surgical
assessment trigger at 6months post-stroke could reduce the onset of
joint contractures in the non-functional limb. In the functional upper
limb an early assessment can provide the patient with strategies to
optimize function and to prevent the loss of function that frequently
accompanies contracture development.
These assessments should be in a multidisciplinary setting
because the management of hypertonia with chemo-denervation
and the evaluation of the response to intervention form an essential
component of the surgical assessment pathway.8 Following chemodenervation assessment of weak antagonist muscle function and
strengthening with targeted physiotherapy interventions can delay
contracture formation and guide the surgical planning.19,20
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Conclusion
The result of the survey reflects the opinion of the delegates
following a session reviewing treatment options and timing of surgical
intervention and as such may not reflect the wider opinion of all
involved in the management of the post-stroke upper limb. However
closer multi-disciplinary co-operation can ensure a standardised
approach to the post-stroke upper limb and provide an opportunity for
earlier surgical intervention when conservative strategies are failing to
prevent joint contractures.
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