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Introduction The benefits of surgical treatment of orthopaedic complications in the upper limb caused by cerebral palsy have been
debated by some researchers. Secondary complications developed due to muscle spasticity and retraction are a serious obstacle
to a significant improvement in health-related quality of life of CP patients. Objective To explore outcomes of CP patients who
underwent surgical treatment at the Russian Ilizarov Scientific Centre “Restorative Traumatology and Orthopaedics” between
2014 and 2016. Material and methods Total 23 operative interventions were produced for 21 patients aged from 11 to 36 years
(mean age of 16.6 years) using an authors’ technique. We used integral scales of the Gross Motor Function Classification System
(GMFCS) and the Manual Ability Classification System (MACS). Classification systems intended for differential evaluation of
upper extremity motor and functional impairment included Van Heest’s deformity assessment test, the House upper extremity
assessment test and Gshwind and Tonkin classification. Results Spastic diplegia was diagnosed in 6 cases including 4 GMFCS
[T and 2 GMFCS IV. Manual ability was assessed as MACS IV in 3 cases and MACS V in 3. Fifteen patients with hemiparethic
spastic CP underwent surgical treatment of upper limbs. Manual ability was assessed as MACS Il in 4 cases, MACS IV in 8 and
MACS V in 3. The use of the limb by the House’s scale showed level 1 in 2, level 2 in 5, level 3 in 10 and level 4 in 6 cases. The
Gschwind and Tonkin classification for pronated forearm revealed level 1 inl, level 2 in 8, level 3 in 10 and level 4 in 4 cases.
There was correlation between an extent of pronation contracture and impaired function of the thumb. Improved functional
abilities of the upper limb, the cosmetic appearance and comfort with the use were recorded in all the cases. Conclusion
Results of multilevel interventions on upper limbs in CP patients allow us to conclude that differential approach to the choice of
technique and extent of surgery to ensure efficacious surgical treatment.
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Cerebral palsy (CP) is the most common motor Pronation contracture is observed in 48 to 50 %

disability in childhood. It is a heterogenic group of
clinical syndromes describing impaired motion and
posture that are characterized by pathological muscle
tone, poorly controlled body movement causing
activity limitation that are attributed to nonprogressive
disturbances that occurred in the developing fetal or
infant brain [1, 2, 3].
Articular contractures
dislocated and subluxated joints, skeletal deformities
of CT patients developing due to muscle retraction

of the upper limbs,

and causing serious functional limitations in self-
care, social participation are known to be indications
to operative orthopaedic treatment [4—13].

Flexion and pronation contracture of the forearm,
flexion and adduction contracture of the wrist joint,
flexion and adduction alignment of the thumb, finger
deformities are major pathological components of
orthopaedic CP complications in upper limbs that lead
to impaired motor activity of the arm and aesthetic
concerns [11, 14-20].

of the patients with involved upper limb [4] with
prevailing incidence in hemiparethic CP (up to 86 %)
due to absent functional activity in the involved side
[7, 8]. This is the flexion contracture of the wrist
joint that defines appearance of the limb and presents
considerable limitations to different gripping types
[5]. The above complications are associated with
prevailing tone of certain muscle groups, flexor
digitorium profundus, in particular, as reported in the
series of T.A. Cheema et al. [21].

There are reports describing clinical results of
surgical correction of thumb contractures and thumb-in-
palm deformities in CP patients [14, 16, 22]. Position of
the thumb and the functional capabilities determine the
level of daily manual activities and get children interested
and motivated in physical and mental activities [22—24].

Objective of the study was to explore outcomes of CP
patients who underwent surgical treatment at the Russian
Ilizarov Scientific Centre “Restorative Traumatology
and Orthopaedics” between 2014 and 2016.
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MATERIAL AND METHODS

The study includes outcomes
treatment of upper limbs of 21 CP patients aged from
11 to 36 years (mean age of 16.6 years). There were
total 23 surgeries performed between 2014 and 2016.
Limited articular function of upper limb of different
severity was the main complaint of the patients.

In addition to standard orthopaedic evaluation
we used integral scales of the Gross Motor Function
Classification System (GMFCS) [2] and the Manual
Ability Classification System for children with
Cerebral Palsy (MACS) [13]. Classification systems

intended for differential evaluation of upper extremity

of operative

motor and functional impairment included Van Heest’s
test [25], the House upper extremity assessment test
[11] and Gshwind and Tonkin classification [17].

Van Heest classification of impaired hand function
identifies 8 levels with level 1 assessing most severe
motor disorders of upper limb to level 8 indicating
to mild limitation of the hand function [25]. Table 1
presents detailed classification used in the work.

The House classification [11] was used to assess
position and function of the thumb. The classification
grouped patients depending on the type and severity
of contracture of the first metacarpal-phalangeal and
interphalangeal joints. Patients with type I impaired
function of the thumb had spasticity of the muscle
that adducted the thumb and also of the first dorsal
interosseous muscle adducting the first metacarpal
bone. Type II included the above complications with
the metacarpal-phalangeal being flexed. Type III was
characterized by adduction of the first metacarpal bone

and specific overextension in the metacarpal-phalangeal
joint. Addiction contracture of the thumb, fixed flexion
contracture of metacarpal-phalangeal bone (in many
cases more than 90°) were typical for patients type IV.

Gshwind and Tonkin classification [17] was used
to assess severity of pronation contracture of the
forearm that was classified into four groups:

patients of group 1 were capable of active
supination beyond neutral;

group 2 were able to supinate to the neutral
position or less;

group 3 patients had no active supination with the
possibility of a full range of passive supination to be
achieved;

group 4 had no active and passive supination.

Different combinations of surgical elements were
used during interventions depending on presence
Z-tendon
lengthening of m. biceps brachii and aponeurotomy

and extent of orthopaedic disorders.

of m. Brachialis were performed to eliminate flexion
contracture of the elbow joint [12, 16, 26]. Figure 1
shows schematic drawing of an approach and surgical
manipulations used to eliminate flexion contracture
of the elbow joint.

Pronator teres was transferred to radial extensors,
ulnar flexor transferred to the radius in addition to
stitching of the distal tendon of brachio-radial muscle
or extensor carpi radialis longus, aponeurotomy of
pronator teres, tenotomy of pronator quadratus muscle
and osteotomy of the radius to improve supination
and/or correct pronation deformity.

Table 1

Classification of impaired hand function in CP using Van Heest’s test

Class Designation

Activity level

0 Does not use

Does not use

1 Poor function, passive assist

Uses as stabilizing weight only

2 | Limited function, passive assist

Can hold onto object placed in hand

3 Limited function, passive assist

Can hold onto object and stabilize it for use by other
hand

4 Poor function, active assist

Can actively grasp object and hold it weakly

Extremely limited function, active assist

Can actively grasp object and stabilize it well

6 Limited function, active assist

Can actively grasp object and manipulate with it

7 | Spontaneous use, partially limited function

Can perform bimanual activities and occasionally
uses hand spontaneously

8 Spontaneous use, complete function

Uses hand completely independently without
reference to the other hand

Original Article
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Fig. 1 Schematic drawing of the approach and surgical manipulations used to eliminate flexion contracture of the elbow joint
(pictures 1b, 1c were drawn by G.M.Chibirov, PhD) showing (a) approach for lengthening of elbow flexors, (b) Z-tendon
lengthening of biceps tendon, (c) location of aponeurotomy of the brachial muscle. Abbreviations: MD — m. deltoideus, MBB
cb — m. bicipitis brachii caput breve, MBB cl — m. bicipitis brachii caput longum, MTB cl — m. tricipitis brachii caput longum,
MTB cm — m. tricipitis brachii caput mediale, MB — m. brachialis, MBR — m. brachioradialis, MPT — m. pronator teres

Transposition of the flexor carpi ulnaris muscle
to the radius is the authors’ technique (application
for an invention Ne 2018108034 «Technique for
elimination of pronation deformity of forearm
joints in CP patients in multilevel surgeries of
upper limbsy», priority date 05.03.2018, authors:
G.M. Chibirov, S.S. Leonchuk, D.A. Popkov)
(Fig. 2).

Ulnar flexor tendon of the hand was exposed out
of medial approach in the lower and middle third of
the forearm and distally stitched at the attachment site
with tendon tenotomy and mobilization onto the distal
two thirds produced. Radius was subperiosteally
exposed out of lateral S-shaped approach in the lower
third of the forearm. Abductor pollicis longus muscle
and distal tendon of the brachioradialis muscle being

Fig. 2 Schematic drawing of the approach and surgical manipulations used to improve supination and/or eliminate pronation
deformity (pictures 2b, 2¢ were drawn by G.M.Chibirov, PhD) showing (a) approaches used, (B) tenotomy of pronators with
dashes, (c) transposition of the flexor carpi ulnaris using the authors’ method. Abbreviations: MBB — m. bicipitis brachii,
MBR — m. brachioradialis, MPT — m. pronator teres, MFCU — m. flexor carpi ulnaris, EM — epicondylus medialis, MPQ —
m. pronator quadratus
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adjacent to the radial subperiosteum at the level were
exposed. Canal was made in the radius at the distal
third of the radial shaft or metadiaphysis by blunt
dissection in an oblique descending manner under
the muscles of posterior forearm, the wrist and digital
flexors, to pass on the ulnar flexor tendon. The stitches
fastening the flexor carpi ulnaris muscle and a part of
the tendon passed through the canal and then back to
the same tendon and then to brachioradialis tendon
and periosteum with separate stitches. The forearm
and the hand were placed in maximum supination.

Genij Oriopedii, Tom 24, No 3, 2018

Transposition of pronator teres muscle to the
extensor carpi radialis was produced in addition to
the above maneuvers in cases of limited active dorsal
flexion of the hand.

Z-plasty of the first web space was alternatively
combined with tenotomy of the transverse portion
of the adductor pollicis longus, aponeurotomy of
the flexor pollicis longus, transfer of the palmaris
longus to the abductor pollicis to eliminate disturbed
function of the thumb by loop stiches under the distal
tendon of the brachioradialis muscle.

RESULTS AND DISCUSSION

Patients were subdivided into two groups after
clinical examination. Group I included patients with
spastic diplegia (n = 6) and Group II patients with
hemiparetic CP (n = 15). There were four GMFCS III,
two GMFCS 1V cases, three MACS IV and three
MACS V preoperatively in Group 1. Surgery was
performed for 15 patients with hemiparetic spastic
CP, among them 4 MACS III, 8 MACS 1V and 3
MACS V cases in Group II. There were 2 House type
I, 5 House type II, 10 House type III and 6 House
type IV cases. Pronation contracture was assesses as
type 1 (n = 1), type 2 (n = 8), type 3 (n = 10) and
type 4 (n = 4) according to Gshwind and Tonkin
classification. There were correlation found between
severity of pronation contracture and disturbed
function of the thumb.

Table 2 presents mean range of motion in the
joints of upper limbs pre-, postoperatively at short-
and long-term follow-ups.

Table 2 shows postoperatively increased range
of motion in the joints of interest from the surgical

point view. Improvements were seen in extension
of the elbow joint by 17° on average at a long-term
follow-up, in supination of the wrist and forearm by
84°, dorsiflexion of the wrist by 28°, and abduction of
the thumb by 79°.

Improved

status  reflected in

measurements of integral classification scales (Table 3).

orthopaedic

There were total 23 interventions performed for
the patients including 2 cases of spastic diplegia
who underwent consecutive procedures on both
upper limbs. Operative treatment of 6 patients were
performed with simultaneous interventions on upper
and lower limbs. Improved functional capabilities of
upper limb, aesthetic appearance and comfortable
usage were observed in all the cases and confirmed
by improved class with Van Heest classification.

Outcomes of multilevel interventions on upper
limbs of CP patients indicated to efficacious practice
and differentiated approach to the tactics and volume
of surgery was an important aspect of operative
treatment.

Table 2
Mean range of motion in the joints of upper limbs pre-, postoperatively at short- and long-term follow-ups
Postoperatively
Range of motion in the joints of upper limb Preoperatively Short-term follow-up | Long-term follow-up
(from 6 to 12 months) | (more than 12 months)
flexion/extension 142°/37°/0 145°/14°/0 150°/20°/0
Elbow joint
supination/pronation 0/41°/81° 37°/0/76° 43°/0/85°
Dorsal flexion/palm flexion 17°/0/76° 38°/0/81° 45°/0/87°
Wrist joint
adduction/abduction 5°/0/26° 13°/0/31° 15°/0/29°
flexion/extension 56°/8°/0 45°/0/16° 47°/0/18°
Thumb
abduction/adduction 0/14°/46° 78°/0/51° 65°/0/55°
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Table 3
Distribution of patients by assessment levels of impaired hand function
Type of CP
Severity of motor disorders, class Spastic diplegia (n = 6) Spastic hemiparesis (n = 15)
preoperatively postoperatively preoperatively postoperatively
I 8
GMFCS
v 7
II 4
I 4
MACS
v 4
A% 3
2 3 3
3 2 4
Van Heest 4 1 1 8 4
5 3 7
6 2 4

Clinical instance. A 16-year-old patient E. was
diagnosed with spastic diplegia, articular contractures
of upper and lower limbs, torsion deformities of
lower limbs, pes cavus equinovalgus deformity
(Fig. 3). Surgical treatment was produced in several
stages. Reconstructive procedures on the foot and
femoral bones was produced at the first stage. Tendon

and muscle plasty of the right upper limb including

transposition of the flexor carpi ulnaris muscle to the

radius with the authors’ technique was performed at
the second stage. The treatment resulted in active
supination of 40° (preoperative range of motion
measuring  0/40°/80°  of
capability to write, produce different grasps, spherical

supination/pronation),

and cylindrical, in particular (Fig. 4). There were
no postoperative complication and the patient was
comfortable exercising the joints and doing daily

routines.

Fig. 3 Preoperative clinical appearance of a 16-year-old patient E. showing pronation and flexion deformity of the hand and

ulnar deviation
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Fig. 4 Appearance of the 16-year-old patient E. 6 month after the surgery demonstrating active supination, dorsiflexion of the
hand and active abduction and adduction of the thumb

DISCUSSION

The majority of researchers suggest that the
main purpose of orthopaedic surgical treatment in
CP patients is elimination of fixed contractures and
deformities of the joints and bones of upper limbs to
improve functional capabilities [16, 25, 26].

Surgical correction of flexion contracture of the
elbow joint can be achieved with tendon and muscle
releases alternatively combined with lengthening
of the m. flexor carpi ulnaris [12, 26]. Selective
neurotomy of the median or musculocutaneous
nerves can be employed to reduce flexors’ tone in
absent retraction [27, 28] with a high recurrence rate
of 14 % [29].

Forearm is the segment of interest from surgical
point of view [10, 13, 15, 18, 30]. Limited supination
of the forearm and the hand to a different degree is
the major concern of CP patients with orthopaedic
complications in upper limbs [30, 31]. Retracted m.
pronator teres primarily contributes to contractures
[30-33]. Elimination of malaligned forearm and
initiation of active supination are the main objectives
oftreatment of pronation deformity [20, 30—-33]. There
is a variety of techniques to address the contracture
including tendon and muscle releases, transposition
of flexor and pronator tendons to extensors carpi,
correcting detorsion osteotomies as the method
of choice in severe contractures complicated with
torsion of the forearm bones, etc. [15, 26, 31].
Transposition of the flexor carpi ulnaris muscle can
be advocated to improve dorsiflexion of the hand.
The surgery was first described by Green [34] and
was found practical by different authors [16, 32, 33,
35, 36]. According to Green m. extensor carpi radialis

Original Article 317

brevis/longus is an optimal site for transplantation of
the m. flexor carpi ulnaris to ensure correction of the
wrist flexion and ulnar deviation of the hand with the
changed vector of the muscle tension. Patterson et
al. [35] reported the development of a postoperative
extension deformity of the wrist. Our series showed
the transfer of flexor carpi ulnaris to the radius being
an efficacious procedure to address ulnar deviation
and the wrist flexion procedure and restore active
pronation. CP patients are likely to actively use the
flexor carpi ulnaris for functional needs [20, 37].
Flexion contractures of the wrist and fingers
are often present in CP patients [5, 18]. Flexion
and adduction of the thumb coupled with flexion
contracture of the wrist entail more serious functional
concerns [14, 22]. Surgical treatment is primarily
aimed at the correction of fixed contractures and
establishment of a functional balance between spastic
flexors and weak extensors [30]. The transfer of the
flexor carpi ulnaris solely fails to address flexion in the
radiocarpal joint due to presence of other short flexors
of the wrist. Several surgical options are available
for the condition [18, 21, 36] including aponeurotic
release of short muscles to lengthen slightly short
muscles and improve spasticity, and Z-lengthening
of short muscles. There are publications describing
complications with the technique of surgical treatment.
Length gain is difficult to control and there is a high
risk of either underlengthening or overcorrection
[38]. However, the risk is high in case of wrist flexor
elongation only. The risk of complications is minimal
in Z-lengthening of adductor pollicis longus and skin

plasty [22].
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Results of our investigation support tendon and
muscle plasty as an efficacious method to address
wrist deformities and improve functional capabilities
of CP patients. The choice of technique and prognosis

of results would rely on the level of neurological
deficiency, reasonable intelligence and motivation
of the patients to use the limb preoperatively and
postoperatively [2, 10, 13, 24].

CONCLUSION

1. Acute multilevel interventions on the
forearm and the wrist are indicated for orthopaedic
conditions of upper limbs in CP patients taking
into consideration a complex nature of the

involvement.

2. Transposition of the flexor carpi ulnaris
muscle to the radius has been shown to be an
effective method to address pronation contracture
of'the forearm joints and can be used in combination
with different elements of surgical intervention.
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