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        Introduction 

 Spasticity is characterized by muscle hypertonia, 
caused by a hyperactive stretch refl ex mecha-
nism. It is linked to a central neurological impair-
ment involving the pyramidal tract. 

 It may occur in several circumstances:
•    in children,  cerebral palsy  is usually second-

ary to foetal or perinatal encephalopathy, and 
occurs less frequently than brain damage dur-
ing childhood.  

•   in adults, it is usually related to  hemiplegia , 
whether vascular (stroke) or traumatic (head 
injury)  

•    tetraplegia  is often associated with spasticity 
of the lower limbs. Spastic involvement of the 
upper limbs is rare and is most frequently 
associated with incomplete tetraplegia.    
 Spasticity is rarely an isolated feature. The clini-

cal picture generally includes other neurological 
and orthopaedic impairments which need to be 
carefully assessed together with the spasticity.  

    Cerebral Palsy 

 Cerebral palsy is a general term that includes all 
the sequelae of infantile encephalopathies 
occurring during the perinatal period, or during 
infancy. 

 In 2007, a group of experts in the fi eld of CP 
gathered for an International Workshop on 
Defi nition and Classifi cation of CP, and published 
the following defi nition of CP [ 1 ]: “Cerebral palsy 
describes a group of permanent disorders of the 
development of movement and posture, causing 
activity limitation, that are attributed to non-pro-
gressive disturbances that occurred in the devel-
oping foetal or infant brain. The motor disorders 
of cerebral palsy are often accompanied by distur-
bances of sensation, perception, cognition, com-
munication and behaviour, by epilepsy, and by 
secondary musculoskeletal problems” 

 Since Little [ 2 ], it was thought to be mostly 
linked to perinatal asphyxia, although recent 
studies indicate that this factor is responsible for 
only 5–10 % cases of cerebral palsy. Other causes 
may be related to the foetus itself (gestational age 
at birth, birth weight, growth restriction), or to 
the mother (neurologic disorders, infertility treat-
ment, antepartum infection, thyroid disease) [ 3 ]. 
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 Postnatal acquired cerebral palsy accounts for 
15 % cases, and is mostly due to meningoencepha-
litis, head injury, and cerebro-vascular accidents. 

 Infantile cerebral hemiplegia is the main type 
of cerebral palsy. It is characterized by unilateral 
cortical and subcortical involvement, particularly 
in the pyramidal tract, which causes various 
degrees of spasticity and motor defi cit in the con-
tralateral limbs. It can be associated with epi-
lepsy; mental retardation; and speech, vision or 
hearing defi cits. It manifests progressively during 
growth, but once established, follows a non pro-
gressive course, which makes it amenable to sur-
gical treatment in selected cases.  

    Clinical Examination 

 The clinical picture may vary greatly from one 
individual patient to the other, depending on the 
amount and location of the initial brain insult. 

 Clinical examination is a critical part of the 
assessment. Its goal is fourfold:
•    Evaluate spasticity.  
•   Evaluate possible muscle contracture and joint 

deformity  
•   Evaluate motor and sensory impairment in the 

upper limb.  
•   Evaluate existing function, and functional 

needs of the upper limb.    
 It is completed by a general examination in 

order to seek associated neurological disorders, 
and potential contraindications to surgery. 

 The data are recorded on standardised charts, 
which will allow intra- and inter-comparisons of 
the results of surgical treatment. 

 This examination is lengthy, and requires 
detailed knowledge of neurology, paediatrics, 
and orthopaedics. 

 It is best performed as a team, including all the 
specialists involved in the child’s care (physical 
therapist, occupational therapist, paediatrician 
and surgeon). This should ideally be done in a 
warm, quiet, and friendly environment, ensuring 
that the child is comfortable and confi dent. If 
painful procedures (i.e. injections) are necessary, 
they should be performed last. This is of para-
mount importance since the child’s cooperation 
is essential for sensory and motor evaluation, and 
because spasticity may increase considerably if 
the child is frightened or recalcitrant. 

 Generally speaking, the clinical picture may 
vary greatly with the child’s emotional state and 
fatigue level. Some of these children also have 
limited concentration capacities, and cannot coop-
erate throughout the entire examination. Therefore 
it is not wise to decide on surgery after a single 
session, and assessment should be repeated before 
any decision making. 

 Video recording of each clinical session is most 
helpful, both for initial evaluation, for decision- 
making, and for evaluation of surgical outcome. 

    Resting Posture of the Upper Limb 
 Inspecting the limb at rest prior to examination 
provides much information on spasticity. It usu-
ally predominates in the adductor, fl exor and pro-
nator muscles, leading to a typical resting posture 
in shoulder adduction and internal rotation, elbow 
fl exion, forearm pronation and wrist fl exion and 
ulnar deviation (Figs.  13.1  and  13.2 ).

    The fi ngers may assume varied positions. 
Most frequently they are clenched into a tight fi st, 
as a result of spasticity of the fi nger fl exor mus-
cles. Less typically they assume a swan-neck 
deformity, resulting either from excessive trac-
tion on the extensor tendons due to excessive 
wrist fl exion (extrinsic swan-neck), from spastic-
ity of the interossei muscles (intrinsic swan- 
neck), or a combination of both. 

 The fi ngers may also occasionally assume an 
“intrinsic plus” deformity with fl exion of the 
metaphalangeal (MP) joints and hyperextension 
of the interphalangeal (IP) joints, which is due to 

 Clinical Pearl 

    Cerebal palsy encompasses a group of con-
ditions which have resulted in the perma-
nent disorder of the development of 
movement and posture, resulting in a dimi-
nution of function. They are non-progres-
sive, but can also be associated with 
disturbances of sensation, perception, cog-
nition and communication, as well as 
behaviour.    
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spasticity or contracture of the intrinsic muscles 
both (Fig.  13.3 ), or the opposite “intrinsic minus”, 
or claw-type deformity, with the MP joints hyper-
extended and the proximal interphalangeal (PIP) 
joints fl exed, due to a combination of excessive 
traction on the extensor tendons and paralysis of 
the intrinsic muscles. A boutonniere deformity is 
less common.

   The thumb can assume either an adducted 
posture or an adducted and fl exed posture. The 
adducted thumb is tightly clenched to the lateral 
aspect of the index or even the middle fi nger, 
with the MP and IP joint extended (Fig.  13.4 ). 
The ‘fl exus-adductus’ thumb, often referred to as 
“thumb-in-palm”, is embedded in the palm with 
full opposition and full fl exion of both MP and IP 
joints. Often the clenched fi ngers are curled 
around the thumb.

   Any factor that aggravates spasticity will 
increase these deformities.  

    Evaluation of Spasticity 
 Spasticity is a muscle hypertonia, characterised 
by fi ve classic clinical features:
    1.    It is selective. Predominantly involving the 

fl exor, adductor and pronator muscles and 

  Fig. 13.1    Usual deformity of the spastic upper limb 
involving adduction and internal rotation of the shoulder, 
and fl exion of the elbow, wrist an fi ngers       

  Fig. 13.2    Flexion and marked ulnar deviation of a spas-
tic wrist       

  Fig. 13.3    Spasticity of the interossei muscles: the 
“intrinsic-plus” deformity       

  Fig. 13.4    Spastic adducted thumb       
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responsible for the characteristic ‘fl exion- 
pronation’ deformity of the upper limb 
described above.   

   2.    It is elastic. Attempts at reducing the defor-
mity meet with a resistance, which increases 
with the strength applied. Unlike ‘plastic’ 
contractures, the limb returns to its initial 
position as soon as the attempt is stopped. 
However if the opposing force is maintained 
long enough, the deformity usually yields, 
sometimes abruptly.   

   3.    It is present at rest, and exaggerated with vol-
untary movement, emotion, fatigue, and pain.   

   4.    Osteotendinous refl exes are exaggerated, 
brisk, diffuse and polykinetic. Clonus is less 
frequent in the upper limb.   

   5.    There may be an associated synkineses, 
described as ‘the phenomenon whereby para-
lysed muscles incapable of a certain voluntary 
movement, execute this movement in a volun-
tary fashion by accompanying intact muscles’ 
(Lhermitte sign). For example active shoulder 
abduction may be accompanied by synkineses 
of the fi ngers extensors and abductors 
(Souques synkinesis).     
 It is assessed for each muscle or muscle group 

and is infrequent around the shoulder. At the 
elbow, it usually involves predominantly the 
biceps and brachialis muscles, but also the bra-
chioradialis to a lesser degree. The triceps, classi-
cally spared, can occasionally be spastic. 

 Wrist fl exors and forearm pronators are most 
frequently involved, leading sometimes to an 
extremely hyperfl exed (100°) and hyperpronated 
(150°) position. 

 Spasticity is not easy to assess in the fi ngers 
because of the wrist deformity. It usually involves 
the fi nger fl exors, and to a various degree, the 
interossei muscles. 

 In the fi rst web space and the thumb, spasticity 
involves not only the thumb adductor, but also 
frequently the fi rst dorsal interosseous and the 
fl exor pollicis brevis. Associated spasticity of the 
fl exor pollicis longus leads to the classical 
“thumb in palm” deformity. 

 Spastic involvement is recorded on the standard 
chart for each muscle or muscle group. Its impor-
tance is assessed on a 0–5 scale [ 4 ] (Table  13.1 ).

       Muscle Contracture 
 Muscle contracture may involve spastic muscles. 
Unlike spasticity, it is permanent and cannot be 
overcome, although shortening the involved 
articular segment can alleviate it. For example 
posturing the wrist in fl exion relieves contracture 
of the fi nger fl exors. This is assessed by 
Volkmann’s angle, which is the degree of wrist 
fl exion required to obtain full passive fi nger 
extension. Contracture of the intrinsic muscles of 
the fi ngers is assessed by the Finochietto test 
(Fig.  13.5a, b ).

   Clinical distinction between contracture 
and spasticity may be diffi cult to establish. 
In such cases nerve blocks with lidocaine are 
useful [ 5 ]. The anaesthetic may be injected 
either in the nerve trunk or in the motor point 
of the involved muscle(s). Spasticity yields 
completely whereas contracture persists [ 6 ]. 
Botulinum toxin yields the same result, with a 
much longer lasting effect.  

   Joint Deformity 
 Passive motion of the involved joints may be dif-
fi cult to assess, not so much because of spasticity 
but because of muscle contractures. It can only be 
tested with the involved muscles fully relaxed. 
Motor blocks are not very helpful here, as they do 
not alleviate muscle contracture. Sometimes 
assessment is so diffi cult that it is not until 

   Table 13.1    Modifi ed Ashworth scale (from Bohannon 
and Smith D)   

 Grade  Description 

 0  No increase in muscle tone. 
 1  Slight increase in muscle tone, manifested by a 

catch and release, or by minimal resistance at 
the end of the range of motion (ROM) when 
the affected part(s) is moved in fl exion or 
extension. 

 2  Slight increase in muscle tone, manifested by a 
catch, followed by minimal resistance 
throughout the remainder (less than half) of the 
ROM. 

 3  More marked increase in muscle tone through 
most of ROM, but affected part(s) easily 
moved. 

 4  Considerable increase in muscle tone, passive 
movement diffi cult. 

 5  Affected part(s) rigid in fl exion or extension 

C. Leclercq



237

 immediate preoperative examination under 
anaesthesia that the actual range of passive 
motion can be evaluated. 

 Some joints of the fi ngers and thumb may 
have increased passive extension, resulting 
in joint instability. This occurs mainly at the 
thumb MP joint, and at the fi nger MP and PIP 
joints which can lead to a swan neck deformity 
(Fig.  13.6 ).

      Motor Assessment 
 Motor examination of the upper limb is not easy 
in children, especially under 5 years of age. The 
child should be provided with toys of different 
forms and colours, and be observed at play. Video 
recording is extremely helpful at this stage, as it 
avoids lengthy repetitions of tasks. Rather than 
individual muscles, it is easier to evaluate muscle 
groups contributing to the same function. 

   Paralysed Muscles 
 The palsy (or ‘pseudo palsy’) usually predomi-
nates in the distal part of the upper limb, and 
involves the extensor and supinator muscles, 

aa b

  Fig. 13.5    Finochietto’s test. ( a ) The PIP and DIP joints cannot be passively fl exed when the MP joint is maintained in 
extension. ( b ) Flexion of the MP joint allows full passive fl exion of the distal joints       

  Fig. 13.6    Spastic swan-neck deformity of the fi ngers       
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namely the wrist and fi nger extensors, abductor 
pollicis longus, extensor pollicis longus and bre-
vis, and supinator muscle. Motor examination of 
these muscles may be diffi cult when the antago-
nist fl exors and pronators are severely spastic. 

 Actually, rather than really paralysed, these 
muscles may be present, but made ineffective by 
the spastic antagonists. 

 Botulinum toxin has proved very helpful in 
assessing these muscles: when injected in the 
spastic antagonist muscles, it reduces dramatically 
their tone for several months, making it possible to 
evaluate and exercise the ‘paralysed’ muscles, 
which may end up demonstrating, in a number of 
cases, a satisfactory voluntary control. 

 This lack of control may also vary with limb 
position. For instance, voluntary movement of 
the thenar muscles is often facilitated by elbow 
extension.  

   Active Muscles 
 The fl exor, adductor, and pronator muscles, 
mostly spastic, usually retain some voluntary 
control. However, their examination is made dif-
fi cult when severe deformities are present. For 
example, extreme fl exion deformity of the wrist 
prevents evaluation of the strength of the fi nger 
fl exors, which are mechanically shortened. If the 
deformity is spastic, botulin toxin may again be 
helpful in these cases. Synkineses and co- 
contractures, when present, may also complicate 
the motor examination. We have not found elec-
tromyographic (EMG) studies to be very helpful 
in evaluating either the pseudo-paralytic or the 
spastic muscles (see below). 

 Finally a  general motor assessment  is per-
formed, in order to evaluate the global motor 
control of the upper limb. 

 Spontaneous involuntary movements are 
recorded: they usually indicate athetosis, which 
is generally a contra-indication to surgery. 

 Dystonia is an unadapted muscular response 
to command in which intermittent muscle con-
tractions cause repetitive movements and/or 
abnormal postures. Again it is also usually a 
contra- indication to surgery. 

 Standard tests are performed such as the 
“head-to-knee” test where the patient is asked to 

place his hand on his head, then to move it to the 
controlateral knee. The speed and precision of 
the movement are recorded. These non-specifi c 
tests involve many of the elements susceptible to 
perturbation (hypertonia and muscle contracture, 
ataxia, apraxia, and extrapyramidal lesions). 

 Primitive refl exes are also sought. They are 
due to an abnormal sensory motor development, 
and may greatly impair the functional capacity of 
the limb. The classical “asymmetric neck refl ex” 
is triggered when the head is turned actively or 
passively to one side, this produces abduction of 
the shoulder, and extension of the elbow, wrist 
and fi ngers of the ipsilateral upper limb while the 
controlateral limb all the joints fl exed. 

 Once the motor examination has been completed, 
an attempt at classifi cation can be made, using, for 
example, Zancolli’s classifi cation [ 7 ] where:
•    Type I includes the spastic ‘intrinsic-plus’ 

hands, in which spasticity of the intrinsic mus-
cles causes fl exion of the MP joints and exten-
sion of the IP joints, sometimes associated 
with a swan-neck deformity. In this type a 
wrist fl exion deformity is rare.  

•   Type II includes the spastic ‘fl exion- pronation’ 
hands with (hyper) fl exion of the wrist and 
pronation of the forearm. Within type II there 
are three sub-groups classifi ed by the degree 
of active fi nger fl exion.

 –    In Group 1, there is full active extension of 
the fi ngers with the wrist in neutral or near 
neutral.  

 –   In Group 2 there is nearly complete active 
extension of the fi ngers, but with some 
degree of wrist fl exion. This group is fur-
ther subdivided based on the presence 
(subgroup A) or absence (subgroup B) of 
an active wrist extension.  

 –   In Group 3 there is no active fi nger exten-
sion, even with maximum wrist fl exion.       

 Goldner [ 8 ] has produced another classifi cation 
in group I, the wrist and MP joint can be extended 
at least to neutral. There is active grasp and release. 
The main defi ciencies are delayed speed, slow 
coordination, and minimal dexterity; in group II, 
there is weakness of wrist and fi nger extension, 
with a mild contracture of the wrist, fi ngers, and 
thumb fl exors. The thumb remains in the palm 
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during hand extension. The hand is used only as an 
assist and a stabiliser; in group III, the wrist and 
fi nger fl exors are severely contracted. The primary 
goal of surgery is to improve cosmesis; in group 
IV, the hands are both spastic and athetoid. 

 Tonkin [ 9 ] has described for the thumb defor-
mities, a classifi cation of three types, modifi ed 
from House [ 10 ]:
•    type I (intrinsic deformity) where spasticity of 

the medial thenar muscles (AP, FPB, and fi rst 
DIO) associated with paresis of the thumb 
abductor and extensor muscles cause adduc-
tion of the fi rst metacarpal, fl exion of the MP 
joint and extension of the IP joint.  

•   type II (extrinsic deformity), where the domi-
nant deforming force is the FPL, opposing a 
weak EPL. Metacarpal adduction is less 
marked, but there is hyperfl exion of the IP joint.  

•   type III (combined deformity), where there is 
a combination of spasticity of the adductor 
muscles and of the FPL, with weakness of the 
abductor and extensor muscles. This results in 
the typical “thumb in palm” deformity, with 
adduction of the thumb metacarpal and fl exion 
of the thumb MP and IP joints.    
 Aside from Tonkin’s classifi cation, we have 

not found any of the available classifi cations easy 
to utilise, since there is such a wide range of clin-
ical pictures, depending on the amount and extent 
of the initial brain damage. There are no two 
identical cases and many of them do not fi t accu-
rately into any of the described categories. 
Moreover these classifi cations are not very help-
ful in the process of decision-making.   

   Sensory Examination 
 Sensory examination is practically impossible 
before the age of 4–5 (and two-point discrimina-
tion before age 6–7). Furthermore, besides the 
child’s cooperation, it requires a certain level of 
intellectual capacities and language ability [ 11 ]. In 
cerebral palsy the basic sensory functions (light 
touch, pain, temperature) are essentially intact, 
while complex sensations (fi ne sensibility, proprio-
ception, stereognosis) are more readily affected. 

 Light touch is explored using a smooth point 
or a fi nger, pain with a needle, and temperature 
with tubes of hot and cold water. 

 Fine sensibility is explored with two-point 
discrimination. 

 Proprioception is tested by vibration (tuning 
fork) and by the sense of position of the limb: the 
patient is blindfolded, the unaffected limb is 
placed in one position, and he is asked to repro-
duce it with the affected limb. Proprioception is 
usually more disturbed in the distal part of the 
limb than in the proximal part. 

 Gnoses are the most affected. Stereognosis is 
tested by placing an object in the child’s hand and 
asking him to identify it. Graphesthesia is tested 
by drawing fi gures or forms in the patient’s palm. 

 On the whole, sensation is considered satis-
factory when the child identifi es at least three out 
of fi ve objects, can recognise large fi gures drawn 
in the palm, and has a two-point discrimination 
of no greater than 5–10 mn [ 12 ]. 

 It has been shown [ 13 ] that severely impaired 
sensation often goes along with upper limb dis-
crepancy in hemiplegic CP children. 

 Pain may be present, but is diffi cult to evaluate, 
especially in children, who may not report it, and 
may not know how to describe it. It may be linked 
to severe contractures, or to a deformed joint, or, 
occasionally at the wrist to a Kienböck disease 
secondary to a severe fl exion deformity [ 14 ].  

   Functional Assessment 
 A large variety of tools are utilised to assess the 
functional value of the spastic upper limb. 

 Whichever tools are used, the assessment 
should be video-recorded, as the videos can be 
viewed as many times as necessary, thus shorten-
ing the actual duration of the test. 

 The same tests will be repeated and recorded 
after surgery, and will then serve as a comparison 
for evaluation of the results of surgical procedures. 

   Functional Tests 
 A great diversity of functional tests are available. 
Some tests are analytic, assessing a single func-
tion, other are purely functional, assessing the 
use of the upper limb in ecologic situations 
(AHA).
•    The pick-up and release test evaluates not only 

hand prehension, but also the contribution of 
the whole limb to that function. Objects of 
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 different sizes and volumes are placed in front 
of the child. Him/her are asked to pick them 
up, and then to move them to a different place. 
Computerised systems have been used more 
recently in an attempt to quantify hand grasp 
and release. They allow three dimensional 
analysis of the movement, and provide a 
repeatable protocol for objective evaluation of 
upper limb motor performance [ 15 ,  16 ].  

•   In the “box and block test”, the patient is 
asked to move as many wooden blocks as pos-
sible from one compartment of a box to 
another in 1 min.  

•   Bimanual activities (such as carrying a con-
tainer with two handles, cutting meat, holding 
one object into which another one should be 
placed, or holding a ruler while drawing a line 
with the unaffected hand) give accurate infor-
mation on the child’s actual functional ability.     

   Questionnaires 
 The child and family are also asked to describe 
precisely how the hand is used in activities of 
daily living such as dressing, self-care, and eat-
ing. Questionnaires are adapted to the child’s 
age, and can be completed during the session, or 
at home (self-questionnaire). 

 In a number of cases the child neglects the 
upper extremity in spite of some potential func-
tional capacity. In these cases, the child may per-
sist in ignoring it even when functional ability 
can be improved through surgery. 

 There are several validated non-specifi c ques-
tionnaires evaluating hand function. To the best 
of our knowledge, currently there is no validated 
questionnaire adapted to the cerebral palsied 
child. 

   Grading Scales 
 Many scales have been designed to quantify the 
functional value of the upper limb, although few 
are specifi cally designed for the spastic upper 
limb [ 8 ,  11 ]. Among them :
•    Hoffer [ 12 ] tests dressing, personal hygiene, 

feeding, bimanual activities, grasp and release, 
as well as the lateral pinch.  

•   House provides an eight grade classifi cation, 
based both on the grasping capacities, and on 

the contribution of the hand to bimanual 
activities.  

•   The Shuue [ 17 ] scoring system mixes analytic 
measurements, and functional measurements 
(grasp and release, spontaneous functional 
analysis, and dynamic positional analysis), 
adding up to a numerical scoring.  

•   The MACS score is designed for quadriplegic 
patients       

   General Preoperative Assessment 
 The aim of this general examination is to evaluate 
the real benefi t the child could gain from surgery, 
taking into account other neurological impair-
ments, the patient’s age, intelligence, motivation 
and environment. 

   Other Neurological Impairments 
 As these children are usually hemiplegic, the lower 
limb defi cit must also be assessed, and it is espe-
cially important to evaluate the child’s walking 
ability, and the possible need for walking aids 
(wheelchair, crutch). If operations are necessary for 
improvement of the lower limbs, they are usually 
undertaken before any upper extremity surgery. 

 Associated extrapyramidal signs should also 
be detected. These include the following:
•    Athethosis, which is characterised by unex-

pected, non-voluntary movements causing a 
slow oscillation of the limbs. It is reduced at 
rest, abolished at sleep, and increased by 
noise, fatigue, and emotions.  

•   Chorea is made of brisk rapid and anarchic 
non-voluntary movements, of variable ampli-
tude, which can involve all territories. In the 
upper limb, these contortions of the forearm, 
hand, and fi ngers often make activities of 
daily living impossible.  

•   Parkinson syndrome is characterised by the 
classic triad: resting tremor, plastic hypertonia 
(predominant in the proximal muscles) with 
the cogwheel sign, and akinesia.    
 If these extrapyramidal signs are predominant, 

they preclude surgery, as the child is unable to 
use his hand because of these non voluntary 
movements. 

 The capacity of the child to communicate 
must be evaluated, seeking for visual, hearing 
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and language problems. Behavioural problems 
such as irritability, inability to concentrate, and 
emotional instability may also constitute contra-
indications to surgical treatment if they 
predominate. 

 Intelligence is evaluated through the intelli-
gence quotient (IQ). It is usually stated that func-
tional surgery is not indicated when the IQ is 
lower than 70, although this is not an absolute 
rule, as a number of surgical procedures aimed at 
improving comfort, cosmesis and personal 
hygiene are still indicated [ 18 ].  

   Age 
 Because the neurological defi cit in cerebral palsy 
does not evolve, early surgery can be undertaken. 
Sometimes it is necessary to operate very early 
because of an increasing deformity. However, in 
most cases one prefers to wait until the child is 
old enough that their motor and sensory capaci-
ties can be evaluated accurately and he or she can 
cooperate with surgery and more importantly 
postoperative rehabilitation. 

 In the adult, the surgeon should be more cau-
tious when recommending surgical interven-
tion, as many of these patients have often 
adapted functionally and socially to the handi-
cap and surgery may be a bit more detrimental 
than benefi cial.  

   Motivation and Environment 
 Any assessment of motivation should take into 
account the patient’s ability to understand the 
goal, the modalities and the expected benefi t of 
the proposed treatment, and to participate actively 
in the postoperative regimen. Understanding and 
motivation from the child’s parents are also man-
datory. Environmental factors during the surgical 
period are also important, such as a rehabilitation 
centre with an integrated school system and 
access to physiotherapists experienced in treating 
children with cerebral palsy. 

 According to Tonkin [ 19 ], “the ideal candi-
date is a cooperative 6-year-old child, with stable 
family support, who has a predominantly spastic 
upper limb deformity, with satisfactory hand sen-
sibility, hemiplegic or monoplegic and without 
signifi cant neurological defi cits”.    

    X Rays and Electromyography 

 X-rays are part of the preoperative evaluation. 
They are aimed at assessing any growth distur-
bance and joint deformity linked to the spasticity, 
although satisfactory views may not always be 
obtained when there is a severe deformity such as 
wrist hyperfl exion. Contralateral views in the 
same position may be helpful. 

 They may reveal growth disturbances of the distal 
radius, ulna, carpus and occasionally avascularity of 
the lunate [ 14 ], or dislocation of the radial head [ 20 ]. 

 EMG studies provide information on the spas-
tic muscles (voluntary control, phasic control), as 
well as on possible co-contractures of the antago-
nist muscles. In pseudo-paralytic muscles, they 
may identify voluntary control that is not clini-
cally detectable (because of spastic and/or 
retracted antagonists, joint deformity and/or stiff-
ness). However, they do not provide quantitative 
information on the power of the tested muscle. 

 Dynamic EMG studies, although diffi cult to per-
form in young children, may be particularly useful 
in determining the most appropriate donor muscles 
when planning a tendon transfer. Most of the poten-
tial donors are spastic to some degree. They can be 
utilised only if they are capable of relaxation at rest 
or during the antagonist movement (phasic control). 
A muscle that fi res continuously is not a good can-
didate for use as a transfer [ 21 ,  22 ].    

 Clinical Pearl 

    Surgical intervention should only be under-
taken after a thorough and if necessary 
sequential evaluation by all clinicians, 
including the surgeons, occupational and 
physiotherapists, neurologists, etc. The 
use of video recording is often helpful.  

  The use of dynamic EMG’s and particu-
larly botox as a diagnostic tool can be 
extremely useful.  

  The ideal candidate is a cooperative 6 year 
old child, who has a predominantly 
spastic upper limb deformity, with satis-
factory hand sensibility and with little 
other signifi cant neurological defi cit.    
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    Stroke 

 In adult hemiplegia related to a vascular stroke, 
the clinical picture is quite different. 

 Patients are usually relatively old. Spasticity 
occurs after a few weeks and follows a fl accid 
phase. There are usually few active muscles, and 
the wrist is often paralytic, both in fl exion and in 
extension. Sensation is often severely impaired in 
the hand, involving mainly deep sensation and 
stereognosis. It can persist despite dramatic 
motor improvement, thus improving functional 
recovery. Trophic changes, such as refl ex sympa-
thetic dystrophy and vaso-motor changes, are fre-
quently associated. These features, are, usually a 
contraindication to surgery. However, procedures 
aiming at reducing spastic contractures, and 
improving hygiene and nursing may be helpful in 
some cases.  

    Head Injury 

 The initial trauma may have involved various 
portions of the brain and cerebral trunk and the 
clinical features will vary accordingly. Thus the 
clinical picture is extremely varied in head injury 
patients. Motor impairment depends upon the 
extent of brain damage. It may regress rapidly in 
some patients, or remain in others. 

 Other neurologic disorders are often predomi-
nant, e.g., cerebellar syndrome or frontal impair-
ment. Many of which contra-indicate surgical 
attempts at improving function to the upper limb.  

    Tetraplegia 

 Spasticity in tetraplegic patients usually occurs in 
the lower limbs. According to Zancolli [ 7 ], it 
affects the upper limbs in 15 % of patients only, 
mainly those with an incomplete tetraplegia. In 
such patients, it involves mostly the wrist and fi n-
ger fl exors. It can be extremely useful to the 
patient, who by triggering the stretch refl ex can 
initiate a pinch or a grasp [ 23 ] 

 Spasticity, when moderate, does not interfere 
with surgical rehabilitation of the tetraplegic 

upper limb. When it is signifi cant, it causes defor-
mities which must be corrected prior surgery. 
When it is predominant, tendon transfers may be 
impossible [ 24 ]. 

    Treatment 

 Surgery has a limited place in the treatment of 
spasticity of the upper limb. It is only one element 
of the rehabilitative care, which consists primarily 
of physiotherapy and splinting, occupational ther-
apy, and pharmacological treatment as needed. 

 Any decision-making should include the patient 
and his/her family, as well as all the physicians and 
care-givers involved in the treatment, typically 
after several assessment sessions and video-record-
ing of the patient’s functional achievements. 

 As mentioned earlier, surgery seems more 
effective if performed earlier in the patient’s life, 
preferably during childhood [ 19 ]. Later on, the 
patient can develop ‘actions or tricks’ allowing 
them to undertake various activities. Any surgery 
whilst undertaken with the best intention can 
result in deterioration in function. Another advan-
tage of performing surgery in children is that 
there is some evidence that improved use of an 
extremity can improve cortical representation of 
the extremity and hopefully decrease the devel-
opment of neglect. Beach et al. evaluated 40 
patients with CP who underwent a tendon trans-
fer to improve wrist extension (FCU to ECRB) 
with an average follow-up of 5.2 years, and found 
that the best results were seen in patients who had 
the transfer between the ages of 7 and 12 years 
[ 25 ]. In addition, early surgery may decrease the 
formation of contractures. 

   Rebalancing the Forces 
 The goals of surgical treatment can vary greatly, 
depending on the extent of the initial cerebral 
trauma. Whenever possible, it is to improve func-
tion. In some cases, however, it will be limited to 
improving nursing and comfort, or to correct a 
severe deformity. 

 In any case, the surgery will have to address 
all the deforming causes, in order to rebalance 
the forces exerted around the involved joint. 
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 Three types of procedures may thus be indi-
cated, in isolation or together:
    1.    Those which aim at reducing spasticity   
   2.    Those which aim at reducing muscle and/or 

joint contracture   
   3.    Those which aim at reinforcing paralysed 

muscles      

   Reducing Spasticity 
   Local Pharmacological Agents 
 Besides systemic medications such as Baclofen, 
which are used in severe and generalised spastic-
ity, some agents are effective locally. 

 Before the era of botulinum toxin, nerve 
blocks were often used. 

 Lidocaine blocks have a temporary effect; 
they are mostly used as a diagnostic tool in diffi -
cult cases to differentiate between spasticity and 
contracture [ 6 ]. 

 Alcohol blocks have also been widely used 
in the past [ 26 ,  27 ]. Injected either into the 
nerve trunk or the motor point of the involved 
muscle(s), they would produce a reduction of 
spasticity lasting up to several months and 
even longer if the antagonist muscles were 
active [ 5 ]. 

 Lastly, phenol, which is more effective, may 
be toxic for the surrounding tissues, and must be 
applied surgically within the epineurium [ 28 ]. 

 Botulinum toxin A is a neurotoxin produced 
by the bacterium Clostridium botulinum. When 
injected into a muscle, it blocks the release of ace-
tylcholine at the neuro-muscular junction, result-
ing in the denervation of the involved muscle. 
This denervation is dose-dependant, and revers-
ible. Its effect starts 10–15 days after the injec-
tion, is maximal at 2–3 months, and usually lasts 
for 4–6 months. 

 Used initially for blepharospasm and strabis-
mus, it is now routinely used in spastic limbs [ 29 , 
 30 ] with measurable and reproducible effects in 
cerebral palsied children [ 31 ,  32 ]. Charts are avail-
able which indicate the effective dose for each age 
group and for each individual muscle [ 33 ]. 

 While yielding the same result as the previ-
ously mentioned agents, it is much easier to 
use, because it is injected into the muscle body 
instead of the motor point, which often proves 

diffi cult to locate. Canulated stimulation needles 
or  ultra- sound localisation have rendered the 
injection even easier and more effective. 

   Indications 
 Besides its diagnostic use mentioned earlier, bot-
ulinum toxin (BT) may be used in isolation to 
reduce spasticity of a muscle or a group of mus-
cles (usually wrist fl exors and/or extrinsic fi nger 
fl exors). During its temporary effect the antago-
nist muscles should be exercised. The stronger 
they get, the longer lasting the effect of BT will 
be. Muscle contractures and stiffness of the 
involved joint(s) may also be effi ciently reduced 
during that period, enhanced by passive and/or 
dynamic splints. Cosmesis, and pain if present, 
are also improved. 

 BT may be repeated as required, possibly 
yielding a permanent improvement if the antago-
nist muscles improve their strength accordingly, 
thus balancing the spasticity more effectively. 
For instance, a patient with moderate spasticity 
of the wrist fl exors associated with active exten-
sors (even if weak prior to therapy) is a good 
candidate for injections of BT. If spasticity 
recurs after each injection, a more defi nitive pro-
cedure can subsequently be performed. BT also 
plays, in such cases, an educational role in simu-
lating the effect of surgery. This is usually very 
much appreciated by the patient, who under-
stands exactly what to expect from the surgical 
procedure. 

 BT is also indicated in spastic upper limbs 
secondary to head injury, where spasticity may 
be temporary. It is particularly useful in spastic-
ity of the elbow fl exors which may be severe, 
resistant to other types of conservative treat-
ment, and yield severe and permanent muscle 
and joint fl exion contractures of the elbow if left 
untreated. In such cases, BT should be used 
early, in association with rehabilitation and 
splinting as needed, and repeated until spasticity 
decreases. 

 Finally BT may be used pre- or immediately 
postoperatively to attenuate the spastic muscles 
when performing a tendon transfer to the antago-
nists, in order to protect and facilitate education 
of the transferred muscle.   
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   Tenotomy 
 Tenotomy of a spastic muscle will obviously 
permanently relieve spasticity. However, it will 
also permanently suppress muscle function. As a 
consequence, one must be certain that the muscle 
to be tenotomised would not be better employed 
as a transfer in order to rebalance the deforming 
forces. 

 In the upper limb, it is mostly used for the 
wrist fl exors (FCU), and the pronator teres (PT). 
For the FCU, tenectomy with dissection of the 
fascial connections of the muscle is advocated by 
de Bruin et al. [ 34 ], who have demonstrated that 
this is much more effective than simple tenotomy 
in reducing the wrist fl exion torque.  

   Selective Neurectomy 
(“Hyponeurotisation”) 
 Selective neurectomy, like tenotomy, suppresses 
both spasticity and function. 

 It may be indicated in non functional upper 
limbs with severe spasticity, in order to facilitate 
hygiene and nursing, and to improve cosmesis. 
A specifi c indication is spasticity of the intrinsic 
muscles where a neurotomy of the motor branch 
of the ulnar nerve will improve cosmesis and self 
care, and sometimes function. 

 Selective neurectomy involving only part of 
the nerve fascicles, in an attempt to retain some 
function, had been suggested as early as in 1913 
by Stoffel [ 35 ] This technique has gained some 
popularity after Brunelli and Brunelli [ 36 ] pub-
lished a series of clinical cases in 1983, coining 
the term “hyponeurotisation”. The procedure is 
performed at the entry point of the nerve into the 
muscle, where it usually divides into three or four 
fi ne fascicles. Under magnifi cation loops, part of 
the fascicles are resected (Fig.  13.7 ).

   Brunelli initially advocated removing 50 % of 
the fascicles, but because he experienced some 
recurrence of the spasticity (“adoption” phenom-
enon), he then recommended resection of two 
thirds of the fi bres. 

 In order to simplify the procedure, some have 
chosen to perform a “partial” neurectomy at the 
level of the nerve trunk, without approaching the 
target muscle(s). The motor fascicles are identi-
fi ed using a stimulator and partially resected. 

While faster and more limited in exposure, this 
technique is quantitatively less accurate, with 
potential injury to sensory fi bers. 

   Indications 
 Selective neurectomy is indicated when one 
wishes to reduce spasticity permanently. 
Resection of the motor fi bres must include at least 
2/3 of the fascicles, knowing that it will reduce 
the strength of the muscle in the same proportion 
as spasticity. 

 In our hands, this technique has proved more 
effective on large muscles with a single or mostly 
predominant motor pedicle. It has been less satis-
factory in small intrinsic muscles such as the thumb 
adductor and fi rst dorsal interosseous muscles. 

 Hyponeurotisation and partial neurotomy 
have no effect on muscle or joint contractures; if 
either are present, these must be addressed by 
another procedure.   

   Neurosurgical Procedures 
 Treatment of spasticity by posterior rhizotomy was 
initially recorded in the late nineteenth century lit-
erature. It is now frequently used for spasticity of 
the lower limbs. In the upper limb, however, results 
have been very variable, with a number of respira-
tory complications [ 37 ]. Bertelli et al. [ 38 ] has 
recently reported a signifi cant reduction in upper 

  Fig. 13.7    Selective neurectomy of the motor branches of 
the median nerve to the wrist fl exors and pronator teres: 
each motor branch is dissected down to its entry into the 
muscle, then partially resected       
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limb spasticity with a new technique of brachial 
plexus dorsal rhizotomy in 61 children or adoles-
cents with spastic hemiplegia.   

   Muscle Contracture 
 Several types of procedures can be employed to 
overcome muscle contracture. 

   Tenotomy 
 Besides FCU and PT (see above), this technique 
may be useful in severe contractures occurring in 
a non-functional upper limb, particularly for 
hygiene or nursing purposes (fi ngers permanently 
fl exed in a tight fi st, for example).  

   Muscle Release 
 The classical fl exor-pronator release procedure, 
described by Page in 1923 [ 39 ], consists of releas-
ing the proximal insertion of the wrist fl exors and 
pronator teres muscle from their medial epicondy-
lar origin. The muscles are allowed to slide 4–5 cm 
distally. It has also been recommended that rein-
serting them distally to the ulnar periosteum will 
avoid a secondary supination deformity [ 40 ]. 

 This procedure can be extended to the fi nger 
fl exor muscles, as described by Scaglietti. It is 
then referred to as the “Scaglietti-Page” proce-
dure. The skin incision is extended distally, and all 
the fi nger fl exor insertions are freed from the ante-
rior aspect of the ulna and radius. Care must be 
taken to protect the anterior interosseous artery 
during the procedure. This procedure necessitates 
a wide dissection of the anterior forearm compart-
ment, which makes careful haemostasis and post-
operative suction drainage mandatory. 

 Finally, Zancolli and Zancolli [ 41 ] has 
described an ingenious and more limited release 
of the medial epicondylar muscles consisting in a 
transverse resection of the inter- and peri- muscular 
fascia of all the involved muscles, performed 6 cm 
distal to the medial epicondyle (“fl exor aponeu-
rotic release”) (Fig.  13.8 ).

      Tendon Lengthening 
 Goldner [ 8 ] advocated performing a Z lengthen-
ing of each individual tendon. This procedure, 
simple when there is only one or a few tendons 
involved, becomes more complicated and time 

consuming if it is to include all the fl exors of the 
wrist and fi ngers.  

   Fractional Lengthening 
 When multiple lengthening are required, this is pref-
erably performed at the muscle-tendon junction. 
This technique consists in performing multiple 
transverse incisions of the tendon in the area where 
muscle and tendon overlap (Fig.  13.8 ). Careful pas-
sive extension then allows the muscle fi bers to 
lengthen, while retaining muscle-tendon continuity. 

 Post-operatively, no immobilisation is required, 
and early active motion is initiated.  

   STP 
 For severe fi nger fl exor contractures, Braun et al. 
[ 42 ] has described an ingenious procedure of 
transfer of the fl exor digitorum superfi cialis to the 
profundi (STP). It consists in sectioning all the fi n-
ger superfi cialis (FDS) tendons distally at the 
wrist, then sectioning all the fl exor profundi (FDP) 
5–7 cm more proximally, extending the fi ngers, 
and suturing as a whole the proximal stump of the 
FDS to the distal stump of the FDP. This predict-
able procedure reduces fi nger fl exors contracture 
and pain, while improving hygiene [ 43 ], but sup-
presses independent fi nger fl exion.  

   Bone Shortening 
 Shortening the skeleton of both bones of the fore-
arm does reduce muscle contracture, and has 
been advocated in non-cooperative adults. 

  Fig. 13.8    Zancolli’s fl exor aponeurotic release: a trans-
verse band of the muscular fascia is resected       
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 Omer and Capen [ 44 ] performed proximal 
row carpectomy together with muscle transfers. 
This procedure reduces slightly muscle contrac-
ture, while improving wrist mobility in cases of 
joint contracture. It may also be indicated in 
those spastic patients who develop a symptom-
atic Kienbock’s disease [ 14 ].  

   Indications of Muscle Release Procedures 
 Mild contracture of the wrist fl exor and pronator 
muscles will be relieved by Zancolli’s fl exor apo-
neurotic release. This procedure has been reported 
as less effective in adults, where there is a compo-
nent of myostatic contracture, than in children [ 45 ]. 

 Muscle contracture involving only one tendon, 
or a limited number of tendons, may be treated by 
Z lengthening of the individual tendons. Multiple 
contractures of the wrist and fi nger fl exors are best 
treated by fractional lengthening. This procedure 
has progressively replaced the classical Scaglietti-
Page release, which is much more invasive, with 
potentially more severe complications (Fig.  13.9 ).

   In non or poorly functioning hands where con-
tracture interferes with whatever function remains 
and/or with hygiene and nursing care, the simple 
STP procedure is best indicated. 

 Indications for bone shortening are uncommon. 
 None of these procedures are effective in the 

presence of joint contracture. If, after all muscle 
contractures have been eliminated, there is still a 
limitation of passive motion, a joint procedure 
must be added.   

   Joint Contracture 
 Conventional arthrolysis procedures may be 
required to treat the spastic upper limb, taking 
into account that there is often combined muscle 
and joint contractures, both of which need to be 
addressed, and that the contracture is likely to 
recur if either the spasticity is not relieved or if the 
antagonist muscles are not active (or activated). 

 A fi xed pronation deformity may require a 
release of the interosseous membrane. Severe 
longstanding deformities in adults may only 
respond to osteotomy of the forearm, or arthrod-
esis in a more favourable position.  

   Tendon Transfers 
 Tendon transfers are required when the paretic 
or paralysed muscles require augmentation. 
They are usually performed to improve forearm 
supination, wrist extension, thumb extension- 
abduction and fi nger extension. 

 They differ from classical tendon transfers in 
several ways:
•    Muscles available for transfer vary with each 

patient. They are often diffi cult to select because 
spasticity, co-contracture, muscle weakness and 
lack of coordination may render individual mus-
cle assessment extremely diffi cult. Careful and 
repeated muscle evaluation, EMG study and 
botulinum toxin may all be helpful with this 
decision.  

•   The transferred muscle is often spastic to some 
degree. It has been stressed that a spastic mus-
cle that does not have a phasic control should 
not be used as a transfer [ 21 ,  22 ]. Dynamic 
EMG studies are very helpful in selecting ade-
quate muscles.  

•   Tendon transfers will be successful in acti-
vating a paralysed muscle, only if the spas-
tic and/or contracted antagonist muscles are 
 attenuated and/or released (prior to or) at the 
time of tendon transfer.     

   Most Frequent Procedures 
 The extreme diversity of clinical pictures makes 
it impossible to describe all the surgical combina-
tions of procedures performed in the spastic 
upper limb. Any surgical planning adapts to each 
specifi c situation, bearing in mind that all 

  Fig. 13.9    Fractional lengthening of the fl exor carpi ulna-
ris muscle       
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 deforming elements should be treated, and pref-
erably at the same time in order to rebalance local 
forces, for an optimal result. 

 We will describe here our most frequent 
procedures. 

   At the Shoulder Level 
 Shoulder retraction in adduction and internal 
rotation, which impairs function of the hand 
should be treated. If necessary a prior injection of 
botulinum toxin will differentiate muscular con-
tracture from spasticity. Muscle contracture is 
released by releasing subscapularis and lengthen-
ing pectoralis major (and minor if required). 
Postoperative physiotherapy is initiated immedi-
ately, and continued for 8 weeks at least.  

   At the Elbow Level 
 The deforming forces at this level are spasticity 
and/or contracture, whereas paralysis is rare. 

 In head injury patients, spasticity of the biceps 
may be isolated and temporary. In these patients, 
severe muscle hypertonia may lead to early and 
irretractable fl exion of the elbow [ 46 ]. If conser-
vative therapy fails to improve it rapidly, botuli-
num toxin is indicated, followed by intensive 
physiotherapy combining active and passive 
extension of the elbow. If spasticity recurs, selec-
tive neurectomy (“hyponeurotisation”) of the 
musculo-cutaneous nerve is indicated. It is par-
ticularly effective in this large muscle which has 
a single and easily accessible motor branch [ 47 ]. 

 In a number of cases, however, the other elbow 
fl exors may also be spastic. Each spastic muscle 
must be treated, whether either botulinum or 
hyponeurotisation is used. 

 In CP patients the fl exion deformity may be 
complex, combining spasticity and muscle (and 
joint) contracture of the elbow fl exors, and not 
infrequently spasticity of the triceps muscle. 

 Botulinum toxin is a very effective diagnostic 
tool at this level: it allows assessment of the degree 
of spasticity of each individual elbow muscle. 
EMG studies by Keenan et al. [ 48 ] have shown that 
even brachioradialis may be severely affected. 

 Spasticity leads to impaired elbow fl exion 
not only during voluntary movements, but also 
while standing, walking or running. It is also 

frequently perceived as cosmetically unaccept-
able by children and their families. If targeted 
botulinum toxin is effective, selective neurec-
tomy usually leads to a satisfactory permanent 
result. 

 If the contracture is mild (less than 40° of 
extension lag), it does not usually require surgical 
correction. More severe cases are treated by 
lengthening of each contracted muscle:
•    the biceps may be lengthened by multiple 

transverse myo-fasciotomies at the muscle- 
tendon junction if the contracture is mild [ 49 ]. 
If it is severe, a long Z plasty of the biceps 
tendon is more effective, requiring postopera-
tive immobilisation for 4–6 weeks.  

•   the brachialis is lengthened by multiple trans-
verse fasciotomies, after dissection and pro-
tection of the vascular bundle [ 50 ].  

•   the brachioradialis may require release from 
its proximal insertion, after dissection and 
protection of the radial nerve and its motor 
branches.  

•   release of the fl exor-pronator muscles, which 
are accessory elbow fl exors, may also improve 
elbow extension.    
 Contracture of the elbow joint can be demon-

strated only after muscle contractures have been 
released. If it is severe it requires a conventional 
anterior arthrolysis. Results of this surgery, how-
ever, may be disappointing in the long term, 
especially if the triceps muscle is weak, or has a 
poor voluntary control. 

 Tendon transfers are very seldom indicated at 
the elbow, and only for the triceps muscle. The 
choice of donor muscles is large, as many proxi-
mal muscles are usually active. 

 In non-functioning limbs with a severe elbow 
deformity, a simple procedure, such as a neu-
rectomy of the musculo-cutaneous nerve [ 51 ], 
or a biceps tenotomy, extended as required to 
the other elbow fl exors, usually improves elbow 
extension immediately by 40° [ 46 ]. Successive 
postoperative plaster casts usually further 
improve the result.  

   At the Forearm Level 
 A symptomatic pronation deformity can be 
improved surgically. Available procedures include:
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•    selective neurectomy or tenotomy of the pro-
nator teres  

•   lengthening of the pronator teres if the muscle 
is contracted, with release of the interosseous 
membrane when required  

•   tendon transfer, usually by pronator rerouting 
[ 52 ,  53 ] if the supinators are paretic or paralysed  

•   rotational osteotomy of the forearm bones if 
the deformity is fi xed.    
 Gschwind and Tonkin [ 54 ] have established a 

classifi cation of pronation deformities and a pro-
posed surgical plan for each group:
•    Group I, where there is active supination 

beyond neutral, does not require surgery  
•   Group II, where active supination is limited to 

neutral or less, may be treated by pronator 
quadratus release, associated with a fl exor- 
pronator release if the fl exor-pronator group 
of muscles is contracted. The quality of the 
result in this group will depend on the ultimate 
strength of active supination  

•   Group III patients display no active supina-
tion, but have full passive supination. This 
group is treated by muscle transfer of either 
the pronator teres (rerouting), or the FCU  

•   In group IV, there is no active supination, with 
a fi xed pronation deformity. A release of the 
spastic pronator and pronatory-effect muscles 
is indicated to allow possible active supination 
to be unmasked. If this does not occur, a pro-
nator teres transfer is indicated [ 45 ]     

   At the Wrist Level 
 The wrist is the most frequent site of surgical treat-
ment in the spastic upper limb. Here again, the 
deformity occurs as a result of a combination of 
spasticity and muscle contracture of the wrist and 
fi nger fl exors, and muscle imbalance due to pare-
sis or paralysis of the antagonist wrist extensors. 

 If there is no muscle contracture (i.e. full pas-
sive extension of the wrist and hand), botulinum 
toxin is injected in the spastic muscles, followed 
by a regimen of strengthening of the extensor 
muscles. This protocol may be suffi cient in mild 
spasticity, provided rehabilitation and splinting 
are pursued for many months. If the extensor 
muscles do not respond to strengthening, then 
selective neurectomy of the spastic muscle 
together with tendon transfer to the paralysed 

extensors (usually to the ECR muscles) is an 
option. Relieving spasticity in the wrist fl exors 
may unmask spasticity of the fi nger fl exors, 
which will then tend to perpetuate the wrist fl ex-
ion deformity. They must be treated accordingly. 

 Contracture in the fl exor-pronator muscles group 
should be treated as described earlier. It has been 
our experience that this release usually attenuates 
spasticity of the involved muscles and as a conse-
quence there is usually no need for any complemen-
tary procedures aimed at reducing spasticity. 

 Paralysis or paresis of the wrist extensors is 
treated by tendon transfers, usually involving the 
ECR muscles. The FCU (“Green transfer”) is the 
most appropriate muscle when it demonstrates 
adequate relaxation at rest (phasic control), 
 provided the FCR is active. Other motors may 
include brachioradialis [ 55 ], pronator teres or a 
fi nger fl exor superfi cialis. 

 The ECU is often paretic, although when the 
fl exion deformity of the wrist is severe, it may 
sublux volarly, and become a wrist fl exor. 
Rerouting it dorsally and radially will help rebal-
ance the wrist, by decreasing ulnar deviation, and 
enhancing wrist extension. 

 In cases of a non- or poorly functioning hand 
with a severe wrist fl exion deformity, fusing the 
wrist may be a reasonable option for improving 
cosmesis and nursing care [ 56 ,  57 ]. The procedure 
involves bone shortening, usually through a proxi-
mal row carpectomy, or a dorsal wedge osteotomy, 
and wrist and fi nger fl exors lengthening as required, 
in order to avoid a permanently clenched fi st. Van 
Heest and Strothman [ 58 ] recommended to use 
plate and screws, although Hoffer and Zeitzew [ 59 ] 
obtained the same rate of fusion with K wires. 

 Mid-carpal fusion is an interesting option 
when the deformity is not too severe and one 
wishes to retain some mobility in the wrist joint.  

   At the Fingers Level 
 Flexion contracture of the fi ngers should be 
treated in conjunction with the wrist deformity. 

 Isolated spasticity of the fi nger fl exors theoreti-
cally responds to either botulinum toxin or selec-
tive neurectomy. However the results of these two 
procedures are less predictable in the fi ngers than 
in the wrist, given the number of muscles and 
motor branches involved. Muscle contracture 
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responds to fractional lengthening, which has sup-
planted the muscle slide procedure (Scaglietti). By 
means of its weakening effect, it is also indirectly 
effective on spasticity of the fi nger fl exors, and we 
now tend to use it more frequently in this indica-
tion. STP is effective in poorly or non-functioning 
hands for cosmetic or nursing purposes. Carlson’s 
experience [ 60 ] is that fractional lengthening of the 
digital fl exors will be suffi cient if the fi ngers can be 
extended fully with the wrist in the fl exed position. 
Otherwise, if the fi ngers cannot be extended fully, 
then a superfi cialis to profundus transfer is indi-
cated. Release of the fi nger fl exion deformity may 
unmask an intrinsic spasticity, which will require 
additional treatment. 

 Tendon transfers to augment active fi nger 
extension are not frequently indicated, although 
there is no consensus in the literature [ 61 ,  62 ]. It 
was formerly recommended [ 63 ] not to perform 
them until a minimum 6 months after the release 
procedures at the wrist and fi ngers, in order to 
allow spontaneous recovery of the tone of the 
stretched extensors. The generalised use of botu-
linum toxin has rendered this precaution unnec-
essary in most cases. 

   Swan Neck Deformity 
 As swan-neck deformity may be secondary to 
wrist hyperfl exion, the latter must be corrected 
fi rst. If the swan–neck persists and interferes with 
function, it can be corrected surgically. 

 If the swan neck is due to muscle imbalance, 
a combination of intrinsic muscle spasticity and 
over activity of the fi nger extensors, this may be 
corrected by one of the following procedures: teno-
desis of the fl exor superfi cialis [ 64 ], tenotomy of 
the central band of the extensor tendon [ 63 ], lateral 
band tenodesis as performed by Littler and Cooley 
[ 65 ] or by Zancolli, spiral oblique ligament recon-
struction [ 66 ]. 

 In spastic patients, one must be extremely 
careful not to overcorrect the deformity, as this 
may lead to a fl exion contracture.  

   Intrinsic Contracture 
    Intrinsic contracture may be isolated, or associ-

ated with a swan-neck deformity.  
  If the deformity is mild, the contracture may be 

released by resection of the triangular laminae [ 7 ].  

  If the swan-neck deformity is severe, IP joint 
hyperextension must be treated as described 
above at the same time as the intrinsic release.  

  Severe spasticity of the intrinsic muscles can be 
addressed by neurectomy of the motor branch 
of the ulnar nerve in Guyon’s canal [ 67 ].      

   At the Thumb Level 
 Available procedures aimed at rebalancing the 
thumb, by means of reducing spasticity, include 
releasing the contracted muscles, stabilising thumb 
joints, and augmenting paretic or paralytic extensor 
muscles by tendon transfers. 

   Reduction of Spasticity and Muscle 
Contracture 
 As mentioned earlier, nerve procedures are not 
reliable enough when addressing intrinsic muscle 
spasticity. 

 An isolated contracture of the adductor muscle 
may be corrected by distal tenotomy at the sesa-
moid level, associated with a stabilisation of the 
MP joint to avoid the development of an hyperex-
tension deformity. Most frequently, however, there 
is a combined contracture involving other thenar 
muscles (APB, FPB), the fi rst dorsal interosseous 
together with the adductor muscle. In such cases, 
Matev [ 68 ] described an extended palmar release 
including adductor pollicis, fl exor pollicis brevis, 
and the distal two-thirds of abductor pollicis brevis. 
The fi rst dorsal interosseous muscle may also be 
released as required through the same incision. 
This procedure is technically demanding as one 
must release these muscles completely while pro-
tecting their motor branches [ 69 ]. 

 When the fl exor pollicis longus is contracted, it can 
be released by a fractional lengthening in the forearm. 

 Muscle contracture, especially in cerebral 
palsy, may be associated with a skin contracture 
of the fi rst web space. This is treated by a Z plasty.  

   Joint Stabilisation 
 MCP joint hyperextension deformities can be 
treated by either a volar tenodesis or a capsulode-
sis, although both of these have a tendency to 
slacken with time. As a consequence, a sesamoid- 
metacarpal fusion, as described by Zancolli, or a 
simple MCP joint fusion may be more appropri-
ate, particularly in severe cases.  
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   Tendons Transfers 
 Tendons transfers are necessary when thumb 
extension-abduction is paralysed or weak. 
Suggested motors include the extensor carpi radi-
alis if the wrist extensors are spared [ 68 ], bra-
chioradialis [ 64 ,  41 ], fl exor carpi radialis [ 70 ] or 
a fl exor superfi cialis [ 71 ]. 

 Inglis suggested rerouting the APL through 
the APB in order to increase thumb abduction. 

 Rerouting the EPL so as to change its adduc-
tion component into one of abduction, was per-
formed by Manske through the fi rst dorsal 
compartment, whereas Carlson used a pulley har-
vested from the most volar slip of the APL 

 Tonkin et al. [ 9 ] advocated a specifi c treatment 
for each group (see above for classifi cation):
•    type I (intrinsic deformity): treated using a 

combination of adductor/FPB release, and 
fi rst dorsal interosseous release if necessary, 
rerouting EPL to EPB, BR transfer to APL, 
and stabilisation of the MP joint by either 
 capsulodesis, sesamoido-metacarpal, or MP 
fusion as required.  

•   type II (extrinsic deformity): treated by a FPL 
tendon slide, together with a release of the 
other contractures as required.  

•   type III (combined deformity): treatment 
includes the same procedures as in Type I, asso-
ciated with a FLP tendon slide, and IP joint 
fusion in recalcitrant fl exion deformities.          

    Conclusion 

 Not many spastic patients are candidates for 
surgery of their upper limb, because of the 
many other neurological problems frequently 
associated. 

 Surgery should be decided upon only after 
several examinations of the upper limb. One 
should also take into account the other neuro-
logical impairments, the patient’s functional 
achievements, and his (or his parents’) wishes. 

 Surgery of the spastic upper limb is com-
plex, involving reduction of spasticity, release 
of contracted muscles and joints, and augmen-
tation of weak or paralysed muscles, together 
with the stabilisation of unstable joints. It is 
best performed early in CP children. Finally, 
there is no such thing as “standard proce-
dures” in this group of patients, because each 
case is different.     
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