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ABSTRACT

A variety of muscle transfer techniques have been proposed to restore motion of the upper
extremities following severe brachial plexus palsy. Paralysis of the deltoid and supraspi-
natus muscles can be treated with transfer of the trapezius muscle. Paralysis of the wrist,
hand, and digital extensor muscles can be corrected using the pronator teres, flexor carpi
ulnaris, and palmaris longus muscles if the median nerve is preserved. Here we describe
the rehabilitation of a patient with an old partial injury to the right brachial plexus that
primarily involved the upper trunk from the C6 root to the posterior cord. Weakness of
the deltoid muscle, wrist, and digital extensor muscles was observed. Microsurgical repair
of the brachial plexus had not been performed. Tendon transfer surgery was performed to
improve wrist, hand, and digital extension. One year later, transfer of the trapezius muscle
was performed to stabilize the shoulder. The success of muscle transfer in the treatment of
the brachial plexus palsy required the surgeon’s specialization, the patient’s motivation,
and a rehabilitation program.

Keywords: Brachial plexus/injuries. Muscle, skeletal/physiopathology. Muscle, skeletal/
transplantation.

RESUMO

Muitas transferéncias musculares tém sido defendidas para restaurar os movimentos do
membro superior apos paralisia grave do plexo braquial. A paralisia dos musculos deltoide
e supraespinal pode ser tratada por meio de transferéncia do musculo trapézio. A paralisia
dos musculos extensores de punho, mao e dedos, quando o nervo mediano esté preservado,
pode ser corrigida com emprego dos musculos pronador redondo, flexor ulnar do carpo e
palmar longo. Os autores descrevem um caso de reabilitacdo de paciente portador de lesdo
parcial antiga do plexo braquial a direita, de predominio em tronco superior, principalmente
da raiz de C6 e de fasciculo posterior. Foi evidenciada fraqueza dos musculos deltoide e
extensores do punho e dos dedos, sem antecedentes de reparo microcirurgico do plexo bra-
quial. Foi realizada, inicialmente, cirurgia de transferéncia tendinea para ganho de extensao
de punho, mao e dedos e, apds um ano, transferéncia do musculo trapézio, para estabiliza-
¢do do ombro. O sucesso na transferéncia para tratamento de paralisia do plexo braquial
requereu especializagdo do cirurgido, motivacao do paciente e programa de reabilitagdo.

Descritores: Plexo braquial/lesdes. Musculo esquelético/fisiopatologia. Musculo esque-
Iético/transplante.
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INTRODUCTION

Most traumatic lesions of the brachial plexus result from
motorcycle accidents. The lesions can be located at the su-
praclavicular level (affecting roots and trunks) or the in-
fraclavicular level (affecting cords and terminal branches)
and may be total or partial.

Surgical exploration may be acute, i.e., performed at the
moment of trauma in the case of an open injury, an injury
associated with a vascular lesion, or total avulsion (C5—
T1). Cases in which recovery of the complete lesion is not
observed on electroneuromyography examination between
the first 2 to 3 months and 12 months after the injury or
in which there is persistent shoulder and elbow paralysis
are candidates for investigation. Treatment options include
microsurgical exploration with neurolysis, repair, grafting, or
nerve transfer, depending on root avulsion. Transfer options
include moving the accessory nerve to the suprascapular
nerve or the musculocutaneous nerve to the ulnar and inter-
costal nerves. Good functional results have been reported in
the literature'?.

The primary goals of brachial plexus reconstructive
surgery include stabilization of the shoulder, restoration of
the ability to hold objects between the arm and the thorax,
restoration of active flexion of the elbow against gravity,
and recovery of the protective sensitivity of the palm. From
a functional point of view, reconstructive surgery of the
brachial plexus restores elbow and shoulder function, wrist
and digital flexion, and digital and intrinsic muscle extension.

The occurrence of gradual changes in the shoulder joint,
which are classified according to Birch®, Pearl* and Waters et
al.’, and, should be noted. These 3 authors classify the injury
according to increasing severity of subluxation of the humeral
head of the joint. Waters’ et al.’ classification describes the
following 5 types of injury: normal (type I); deformity of the
posterior glenoid cavity (type II); subluxation of the humeral
head and glenoid plus dysplasia (type I1I); development of a
false glenoid cavity (type IV); and flattening of both the glenoid
cavity and the humeral head (type V). The degree of joint
deformity can help the surgeon select the surgical procedure’.

In the case of avulsion, unsuccessful neurorrhaphy, or
untreated and late-admitted patients with injuries of the
brachial plexus, tendon transfers are indicated for the reco-
very of upper extremity function>¢¥, Although various pro-
cedures have been described, rehabilitation continues to be a
challenge for surgeons, and the reporting of results remains
scarce. However, it is worth noting that the goal of tendon
transfer is to improve tendon balance and upper extremity
function. Transfer of the trapezius muscle has been described
for the treatment of paralysis of the deltoid and supraspinatus
muscles'*47. In the case of paralysis of the forearm extensor
muscles in which elbow extension is preserved, transfer of
the pronator teres, flexor carpi ulnaris, and palmaris longus

muscles yields satisfactory results for shoulder stabilization
as well as wrist, hand, and digital function®*>.

In the present report, we describe the surgical techniques
and the rehabilitation program that were used in the treatment
of a patient with an old brachial plexus injury that involved
mainly the upper trunk, in particular from the C6 root to
the posterior cord. Weakness of the deltoid muscle, wrist,
and digital extensor muscles was observed. No evidence
of previous microsurgical repair of the brachial plexus was
observed.

CASE REPORT

A 34-year-old man was admitted in 2003 with a lesion of
the right brachial plexus caused by a fall from a tree that had
occurred 18 months previously. No microsurgical repair had
been performed.

On physical examination, the patient presented with hy-
potrophy and hypoesthesia to deep pressure in the entire right
upper extremity from C4 to T1. His inability to abduct the
shoulder or actively extend the wrist, hand, and fingers as
well as evidence of subluxation revealed the involvement of
the scapular region; the deltoid and supraspinatus muscles;
and the wrist, hand, and digital extensor muscles (Figures 1
and 2). Elbow flexion-extension was preserved.

Figure 1 — In A and B, preoperative appearance showing shoulder
limitation and the inability to extend the wrist, hand, and fingers.
In C, D, and E, appearance in the 5th postoperative year with
abduction to 70° and wrist, hand, and digital extension.
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Figure 2 — In A, preoperative appearance.
In B, appearance in the 7" postoperative year:

Figure 3 — Intraoperative view of transfer for wrist extension. In
A, identification of the pronator teres and extensor carpi radialis
brevis muscles. In B, release of the flexor carpi ulnaris muscle. In C,
transfer of the flexor carpi ulnaris muscle to the common extensor
muscle of fingers. In D, palmaris longus muscle transferred to the
long extensor pollicis longus muscle.

An electroneuromyographic (EMG) study revealed an
incomplete axonal injury of the right brachial plexus with
severe involvement ofthe shoulder, wrist, and digital extensor
muscles. There were severe signs of recent and chronic dener-
vation, an axonal injury of the lateral cutaneous nerve of the
forearm, and a preganglionic injury (radiculopathy) at C6
with signs of moderate to severe denervation intensity.

In 2004, to restore wrist, hand, and digital extension,
transfers were performed of the pronator teres muscle to the
extensor carpi radialis brevis muscle, the flexor carpi ulnaris
muscle to the extensor digitorum communis muscle, and the
palmaris longus muscle to the extensor pollicis longus muscle
according to the modified Burkhalter'® technique (Figure 3).
A physiotherapy program was started on the 30" postopera-
tive day (Table 1).

In2005, atransferofthe trapezius muscle withasegmentof
theacromiontothelateralsurfaceofthehumerususingthemodi-
fied Saha technique was performed to stabilize the shoulder
and permit arm abduction®'! (Figure 4). The quality of the
glenohumeral joint was assessed viaaradiological exam. Pre-
and postoperative physiotherapy programs were conducted
(Table 2 and Figure 5). In the evaluation performed 7 years
postoperatively, functional improvement and a muscle map

Table 1 — Physiotherapy program performed
for the radial paralysis transfer.

Time Program
EMG; sensorimotor map; maintenance
Preoperative of AOMs and strengthening of the muscles to
be transferred; transfer training
Immobilization in a plaster cast: elbow
Postoperative — | flexion of 90°, pronated forearm, wrist in
4t week semi-extension, MFJ flexion of 15°, extended
IFJ; use of a sling; shoulder mobilization
Transform the plaster cast into a splint with
a free elbow; scar massage; desensitization
Postoperative — | with textures; use of turbulence, if necessary,
5t week to reduce joint rigidity (avoid proximity to
the water jet); passive exercises and AOMs
up to maximum muscle tension
Postoperative — | Maintain the splint, remove for training
6™ week of the transferred muscles
Remove the splint for exercises, bathing, and
Postoperative — | dressing; perform light manual activities; do
7" week not flex the wrist and
fingers simultaneously
. Stop the use of the splint; start light counter-
Postoperative — . .
8% week resistance exercises; allow effortless
everyday activities
Postoperative — .
p v Control sensorimotor map
6 months

AOM = amplitude of movements; IFJ = interphalangeal joint; MFJ = metacarpo-
phalangeal joint; EMG = electroneuromyographic study.

Figure 4 — In A, patient in lateral decubitus position with a free
hand and arm. In B, curvilinear incision over the spine reaching
the lateral margin of the scapula with exposed trapezius and deltoid
muscles, and lateral proximal third of the humerus. In C, release of
the trapezius muscle insertion with a segment of the acromion and
fixation of the humerus with abduction to 90° using 2 lag screws. In
D, suture of the trapezius and deltoid muscles to the fixation.
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Table 2 — Physiotherapy program performed
for the shoulder transfer.

Time Program
Immobilization in a plaster cast with
internal rotation and shoulder abduction

Postoperative — to 80°; radiological assessment of the

15t week of the shoulder; assisted active elbow, wrist,

3rdmonth and hand exercises; isometric contraction
of the trapezius muscle and co-contraction
of the thomboid muscle

. Radiological assessment of the shoulder;
Postoperative — .
. begin to remove the plaster cast for
Start in the . . .
rd shoulder exercises, maintain abduction to

3" month 5 . s
80°; gradually remove the immobilization

Postoperative — Control muscular mapping;

6" month to 7" year | subjective evaluation

Figure 5 —In A, computed tomography examination. In
B, three-dimensional reconstruction. In C, immobilization in a
plaster cast with abduction to 80° and internal rotation
of the shoulder (used for 4 months).

with grade 4 wrist, hand, and digital extension; grade 3
thumb extension; and mobility and active elevation of the
right shoulder with grade 4 muscle strength (60 degrees
of active abduction and 70 degrees of flexion) were seen.
The functional result was satisfactory, and the patient was
considered rehabilitated and able to independently perform
everyday activities and work activities.

DISCUSSION

Segmental injuries of the brachial plexus with shoulder
paralysis and glenohumeral subluxation associated with the

paralysis of the forearm extensor muscles and the inability
to extend the wrist, hand, and fingers cause great functional
impairment of the upper extremities. According to Malessy
etal.' and Bertelli & Ghizoni?, injuries to the brachial plexus
that involve C5 and C6, such as the lesion described in this
report, have a poor outcome after nerve reconstruction using
grafts or nerve transfer procedures. However, some authors
have reported satisfactory results after muscle tendon transfer
to the shoulder'%!". Indications for surgical intervention in the
shoulder include subluxation, persistent internal contracture
not resolved by physiotherapy, limited active abduction and
external rotation, and a progressive deformity of the gleno-
humeral joint. The treatment is based on surgical contracture
release, muscle balancing, and joint reduction.

Options for shoulder stabilization via muscle balancing
include transfers as described by Saha® and Bateman’ and
shoulder arthrodesis®. Saha® described a modification of
Bateman’s’ technique that uses the trapezius muscle to
stabilize and restore active function of the shoulder, and
variable functional results have been reported. Rithmann
et al.!” described an abduction gain of 70-90° along with
functional recovery and subjective improvement, findings
that are in accordance with those described in the present
report. The requirements for transfer are as follows: passive
shoulder abduction to 80°, patient agreement regarding the
long immobilization time, and satisfactory preoperative
condition of the glenohumeral joints. If these requirements
are not met, shoulder arthrodesis must be performed in the
functional position, which carries a higher risk of morbidity
and is considered the last resort”®!!.

Satisfactory results have been reported with regard to
the use of the modified Burkhalter transfer for the correction
of triple paralysis of the radial nerve". This technique was
used in the case described in the present report with excellent
functional improvement; however, the importance of preo-
perative evaluation and training, muscle traction line, and
suture tension and immobilization should be noted. Other
options have been described, such as the transfer of the flexor
carpi radialis muscle or the flexor digitorum muscles to the
extensor digitorum communis muscle'-'5.

In the present case report, rehabilitation of a patient with
an old partial injury of the brachial plexus was achieved after
performing a surgical transfer procedure to restore wrist,
hand, and digital extension using the pronator teres, flexor
carpi ulnaris, and palmaris longus muscles and to stabilize
the shoulder using the trapezius muscle. The main factors
that contributed to the success of the surgery included the
preoperative preparation, including patient training and
participation, fixation of the trapezius muscle to the humerus,
tension of the transferred muscle, appropriate immobilization
for a prolonged period, and the postoperative physiotherapy
program.
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