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Abstract
Neonatal brachial plexus palsy is a devastating complication after a difficult delivery. The incidence of this injury has not 
significantly decreased over the past decades, despite all the advances in perinatal care. Although primary repair of the nerves 
with microsurgical techniques is the common treatment strategy nowadays, there are late cases in which secondary procedures 
in tendons or bones are necessary. Moreover, secondary procedures may be needed to improve the results of primary repair. 
A careful preoperative assessment of all the residual defects and deformities in upper limbs of these patients is essential. 
The aim of these procedures is usually to restore the deficient shoulder abduction and external rotation, release of any elbow 
flexion contracture or to correct a weak elbow flexion. More distally a supination or pronation deformity is usually apparent, 
and available options include tendon transfers or radial osteotomy. The wrist of these patients may be ulnarly deviated or 
may has absent extension, so tendon transfers or free muscle transfers can also be used for correction of these deformities. 
In severe cases, wrist fusion is an alternative option. The clinical presentation of the hand is highly variable due to complex 
deformities including thumb adduction deformity, metacarpophalangeal joints drop, and weak finger flexion or extension 
depending on the level of the injury. Each of these deformities can be restored with a combination of soft tissue procedures 
like local or free muscle transfer and bony procedures like arthrodesis.
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Introduction

Neonatal brachial plexus palsy results from forceful lat-
eral traction of the head during delivery that applies severe 
tension to neonatal brachial plexus. Despite the advances 
in perinatal care, its incidence which varies from 0.5 to 3 
cases per 1000 live births has only slightly declined over 
the last years and it represents a major problem due to its 
catastrophic sequelae [1, 2]. However, in up to 90% of these 
cases spontaneous recovery will occur during the following 
months [3].

When surgical intervention is needed, primary repair by 
neurolysis, nerve grafting or nerve transfers yields the most 

successful results, and thus, early recognition and treatment 
of these devastating injuries is of paramount importance 
[4–7]. Even though nowadays the majority of these injuries 
are diagnosed and treated early, secondary procedures for 
restoration of major upper limb functions are required in sev-
eral cases. Moreover, secondary procedures may be required 
to enhance the functional results of early repair [5]. The 
deformities that develop in the upper limbs of these patients 
are sequelae of soft tissue contractures and osteoarticular 
changes, which in turn result from muscle imbalance. Dur-
ing the initial stages when muscle imbalance has not resulted 
in fixed contractures yet, dynamic deformities may be treated 
conservatively with physical therapy and serial splinting, 
while fixed deformities need surgical intervention. When 
in case of dynamic deformities conservative treatment fails, 
soft tissue releases or tendon transfers are suitable options, 
whereas in fixed deformities due to either soft tissue contrac-
tures or osseous changes soft tissue releases and osteotomies 
are usually required.
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The pattern of presented deformities in each patient 
depends on the injured level of the brachial plexus and the 
affected muscles that are subsequently denervated. In upper 
plexus palsy, shoulder abduction and external rotation, as 
well as elbow flexion, may be affected due to functional loss 
of shoulder external rotators (supraspinatus, infraspinatus 
muscles), shoulder abductors (deltoid muscle, external rota-
tors) and elbow flexors (biceps brachii, brachialis muscle). 
Additionally, pronation deformity may develop due to loss of 
supinators (i.e., biceps brachii muscle). When C7 nerve root 
is injured, elbow extension and wrist extension may also be 
compromised. In these cases, elbow flexion contracture may 
also develop. Last, in total plexus lesions all the described 
deformities may be present along with hand deformities 
including thumb adduction, metacarpophalangeal joints drop 
or interphalangeal joint flexion deformity [8].

This review aims to describe the most commonly per-
formed secondary procedures for correction of residual 
functional defects of the shoulder, elbow, forearm, wrist 
and hand in patients with neonatal brachial plexus palsy 
(Table 1).

Procedures for shoulder deformities

Restoration of shoulder abduction

Abduction of the shoulder is of great significance since it 
enables the hand to reach the head and objects that are not 
close to the body. Howell et al. found that loss of at least 
one of the deltoid or the rotator cuff muscles results in 
50% decrease of abduction power [9]. Several techniques 
for local tendon transfers have been described, with the 
majority of them replacing the deltoid function. It has been 
proven in many studies, though, that adequate abduction 
needs the presence of at least two rotator cuff muscles and 
part of the deltoid [10]. Local tendon transfers include 
trapezius transfer, pectoralis major transfer and latissi-
mus dorsi transfer [10–12]. Saha et al. [10] reported good 
results in all of his patients when trapezius transfer was 
performed for shoulder abduction.

Our preferred technique for restoration of shoulder 
abduction includes transfer of the trapezius on the lateral 

Table 1   Most common secondary procedures for restoration of upper limb function in late cases of perinatal brachial plexus palsy

Upper limb functions Secondary procedures

Shoulder
Abduction Trapezius transfer
External rotation Anterior soft tissue release, transfer of latissimus dorsi and teres major tendons

Humerus rotational osteotomy (> 8 years)
Elbow
Flexion Local muscle transfers (latissimus dorsi, Steindler procedure, triceps)

Free muscle transfers (gracilis, latissimus dorsi, rectus femoris)
Flexion contracture correction Arthrodiastasis (Authors’ preferred method)

Open soft tissue release
Forearm
Pronation Biceps’ tendon rerouting

Internal rotation radial osteotomy (Authors’ preferred method)
Supination External rotation radial osteotomy
Wrist
Ulnar deviation deformity correction Extensor carpi ulnaris to extensor carpi radialis brevis

Wrist fusion (Authors’ preferred method)
Wrist extension Pronator teres to extensor digitorum communis transfer (Authors’ preferred method)
Flail wrist stabilization Wrist fusion (Authors’ preferred method)
Hand
Thumb abduction Transfer of extensor carpi ulnaris to abductor pollicis longus
Metacarpophalangeal joints extension Wrist flexor to extensor digitorum communis transfer
Finger flexion Wrist extensor to flexor digitorum profundus transfer

Free muscle transfer
Local transfer of the latissimus dorsi

Metacarpophalangeal joints flexion and interphalangeal 
joints extension

Distal advancement of the digital extensor mechanism
Reconstruction of the lumbricals
‘Lasso’ procedure (Authors’ preferred method)
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humerus, above and anterior to the insertion site of the 
middle deltoid. This transfer is recommended to be per-
formed in older children though, so that a better degree of 
cooperation postoperatively is possible. Adequate shoulder 
abduction with an abduction range over 90 degrees can be 
achieved when a certain degree of the supraspinatus func-
tion is preserved. In cases of anterior serratus presence, 
the postoperative range of abduction is much better. In 
totally flail shoulders though, the main functional result 
of this transfer is stabilization of the shoulder, while the 
achieved abduction range of motion is much lower (about 
30–40 degrees).

Dynamic restoration of external rotation

External rotation of the shoulder is essential because it 
contributes to greater arm elevation by preventing impinge-
ment of the humeral head on the coracoacromial arch and 
by stabilizing the humeral head on the glenoid cavity. The 
earliest procedures to restore external rotation included 
release of subscapularis and pectoralis major which are 
commonly contracted. However, in many cases these pro-
cedures resulted in anterior shoulder dislocation [13, 14]. 
Gilbert reported satisfactory results in his series of patients 
who underwent anterior shoulder release. He recommended 
performing this procedure before any muscle transfer and 
if possible before the age of 2 [15]. Conversely, Narakas 
did not support the successful results of soft tissue release, 
and he preferred muscle transfers to restore external rota-
tion [16].

L’ Episcopo described in 1934 anterior release and trans-
fer of the teres major to the posterolateral side of humeral 
head in order to act as external rotator [17]. Later on, he 
added latissimus dorsi to teres major transfer. Many modi-
fications of this technique have been described since then, 
with most of them focusing on the humeral site for reattach-
ment of the transferred tendons [18–20]. Excellent results 
have been described by several authors using the L’Episcopo 
technique or modifications of this technique [19, 21, 22].

Our preferred procedure, called shoulder arthroplasty, 
involves release of the anterior capsule of the shoulder joint, 
along with subscapularis plus conjoint tendon lengthening 
and proximal transposition of the pectoralis major insertion. 
Additionally, in all patients with lack of external rotation, 
dynamic external rotation is achieved through latissimus 
dorsi and teres major tendon transfer. The tendons of these 
two muscles are rerouted around the shaft of the humerus 
and attached via bone anchors to the anterolateral surface of 
the humeral head. This procedure should be performed at the 
age of 4–8 years. In the long term, some of the children may 
lose a certain degree of external rotation range of motion 
when an intensive exercise program is not followed postop-
eratively. This could be explained by the fact that external 

rotation is not a frequent movement during daily activities, 
especially in patients who concurrently have deficient abduc-
tion (less than 90 degrees).

Rotational osteotomy of the humerus

In order to achieve successful results with all the previous 
soft tissue procedures for restoration of external rotation, 
the glenohumeral joint must be congruent. Otherwise ten-
don transfers and anterior release will not work. Incongru-
ity results from internal rotation contractures which lead to 
osseous deformity and posterior transposition of the humeral 
head. Joint incongruity is confirmed by computed tomogra-
phy scan measurements, when more than 20% of the humeral 
head’s surface is posteriorly displaced relative to the pos-
terior border of the glenoid [21]. Rotational osteotomy is 
an effective procedure in restoring glenohumeral congruity 
[23]. This procedure is preferred in older patients (i.e., above 
8–10 years of age), as in these patients osseous deformi-
ties have already been developed, resulting in humeral head 
incongruity. Moreover, in patients with humeral head incon-
gruity the adjacent local muscles that are commonly used for 
transfer may be atrophied and inadequate, and thus, humeral 
osteotomy is the only option.

The amount of rotation depends on the degree of fixed 
internal rotation contracture. Usually, around 45 degrees 
of rotation is needed, but in certain cases the required cor-
rection may be up to 90 degrees. Preoperative planning is 
essential in order to determine the exact amount of the rota-
tion that is necessary, so as to avoid excessive correction 
and insufficient internal rotation. This is a serious compli-
cation of the procedure, as internal rotation is essential to 
several daily activities (i.e., inability to put the hand in the 
trousers pocket, inability of the hand to reach the mouth). 
The osteotomy is stabilized with the aid of plate and screws. 
Simultaneous correction of the limb length discrepancy can 
be performed, but in this case an external fixator is placed 
so that that the proximal and distal screws of the external 
fixator are placed in two planes according to the angle of 
rotation that is required. Then, distraction osteogenesis pro-
ceeds accordingly. This procedure has been performed in 
some patients who wanted correction of the length discrep-
ancy, mainly for cosmetic purposes, in combination with the 
external rotation osteotomy.

Procedures for elbow deformities

The most common problems around the elbow joint include 
loss of flexion and conversely flexion contracture. Elbow 
flexion contractures result from chronic denervation of the 
triceps. The resulting muscle imbalance leads to biceps’ 
forceful forward pull. Despite these biomechanics that lead 
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to elbow flexion contracture, there are some rare cases in 
which flexion contractures are combined with a weak biceps. 
This could be explained by irregularities in the normal anat-
omy of the bony structures at the elbow joint.

The elbow flexion weakness is treated either by local 
muscle transfers or, if no local donors are available, by free 
innervated muscle transfers. Commonly used muscles for 
free transfers include the gracilis (preferred especially in 
Asian patients since in Caucasians gracilis might be inad-
equate in bulk and strength), the latissimus dorsi which is 
a real workhorse in the field of free muscles and the rectus 
femoris, which has an excellent shape and bulk for biceps 
despite its short neurovascular pedicle. Regarding local 
donors, pectoralis major with or without pectoralis minor 
can be transferred as an island flap [24]. Surgeons must be 
aware that this muscle is not strong enough to substitute 
biceps in cases of total absence of elbow flexion, thus in 
cases like that this particular transfer is not ideal. Another 
local option is latissimus dorsi which can be used as pedicled 
muscle graft [25]. The transferred muscle is hooked proxi-
mally on the clavicle and distally on the radial tuberosity. 
Care should be taken to maintain the proper tension on the 
muscle so that at the end of the procedure the elbow must 
be held in a flexed position of more than 90 degrees. Last, 
the Steindler flexorplasty can be applied in upper plexus pal-
sies in which the wrist and hand functions are spared. This 
procedure involves transfer of the origin of wrist and hand 
flexors from the medial epicondyle to the anterior humeral 
surface [26–28].

The treatment strategy for flexion contracture depends on 
the radiographic appearance and the osseous changes that 
may have been developed around the elbow joint. In cases 
of soft tissues contractures alone, the most popular method 
for correction of flexion contracture includes both Z-plasty 
of the skin at the antecubital fossa and Z-lengthening of the 
biceps tendon. Further release of the lacertus fibrosus, bra-
chialis and anterior capsule is also necessary for an adequate 
elbow extension [29]. Despite anterior release, the muscle 
imbalance responsible for flexion contracture is still present. 
An interesting approach to restoration of this muscle imbal-
ance is the one described by Chuang et al., who proposed 
transfer of biceps or brachialis to triceps in order to restore 
elbow extension [30].

Our preferred method for correction of flexion contracture 
in adult patients is arthrodiastasis of the elbow with applica-
tion of an external fixator. This procedure yields successful 
results using gradual soft tissue distraction without opening 
the elbow joint. This method should be performed only in 
skeletally mature patients since there is no chance for recur-
rence, while in skeletally immature patients recurrence of 
the contracture might develop in the following years. After 
flexion contracture release, a certain degree of flexion power 

decrease must be anticipated, but it usually comes back after 
a few months.

Procedures for forearm deformity

One common deformity in patients with obstetrical brachial 
plexus palsy is forearm supination, which can be associated 
with ulnar wrist deviation and several hand defects. Forearm 
supination deformity progresses over time and ultimately 
results in severe contracture of the interosseous membrane 
as well as in dislocation of the distal radio-ulnar joint. In 
severe cases, anterior dislocation of the radial head may also 
occur.

This deformity results from a certain muscle imbalance 
in which supinator muscles (biceps and supinator) overact in 
the presence of weak or absent pronators. During the initial 
stages, supination deformity can be passively corrected, but 
after a period of about 2 years, contracture of the interosse-
ous membrane develops and the deformity becomes rigid. 
Concomitant osseous deformities may become apparent. The 
lateral curve of radius can be accentuated, while the distal 
end of the ulna or the radial head may be dislocated anteri-
orly. It is recommended that supination deformity must be 
corrected before this deformity becomes rigid [31]. Surgical 
correction of supination deformity includes careful evalua-
tion of the interosseous membrane. Surgeons must also con-
sider the developed deformities around the adjacent joints 
and the functional status of the hand. A moderate flexion 
contracture of the elbow does not contraindicate forearm 
surgery. In the case of associated shoulder deformities, these 
must be corrected first, while surgeries for restoration of 
the hand function should follow correction of supination 
deformity and deformities around the wrist.

Zancolli proposed surgical correction of supination 
deformity by rerouting the biceps tendon around the radius 
to a pronation position, or by transferring the flexor carpi 
ulnaris to the brachioradialis tendon [31]. For a successful 
outcome, triceps must have an adequate power, while longi-
tudinal division of the interosseous membrane is also neces-
sary. Although Zancolli reported excellent results with this 
procedure, this was not evident in other studies, especially 
when contracture of the interosseous membrane had been 
developed [32, 33]. Pronation osteotomy of the radius is an 
alternative option that has been shown to provide promising 
functional improvement in these cases [34, 35]. The plate for 
stabilization of the osteotomy must be placed proximally so 
that the distal radius growth plate is spared.

In those cases that pronation deformity has been devel-
oped, external rotation osteotomy of the radius also restores 
the function of the upper limb and improves the positioning 
of the hand in space.
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Procedures for wrist deformities

Frequently seen deformities around the wrist include 
ulnar wrist deviation (27% in Zancolli’s series) and 
drop wrist [36]. Ulnar wrist deformity develops due to 
the unopposed activity of the extensor and flexor carpi 
ulnaris, while thumb extensors and extensor carpi radialis 
brevis and longus are deficient. Ulnar deviation of the 
wrist can be treated conservatively with a brace, or surgi-
cally by either soft tissue procedures (tendon transfers) 
or wrist arthrodesis (permanent or temporary depending 
on the status of the distal radius growth plate). Tendon 
transfers include transfer of the extensor carpi ulnaris or 
the flexor carpi ulnaris to the extensor carpi radialis bre-
vis, or transfer of extensor carpi ulnaris to the abductor 
pollicis longus.

Regarding restoration of weak or absent wrist exten-
sion, pronator teres to extensor carpi radialis brevis trans-
fer (such as that used for radial nerve palsy) is the optimal 
method of treatment when forearm flexors have adequate 
strength [37, 38]. Patients with concurrent drop wrist and 
ulnar deviation can be managed with a flexor carpi ulnaris 
to extensor carpi radialis brevis. By passing the tendon 
around the radius, rather than through the interosseous 
membrane, both the wrist extension and ulnar deviation 
of the wrist can be corrected (Fig. 1).

Procedures for hand deformities

Although the clinical presentation of the hand is highly vari-
able, it usually includes (1) thumb adduction deformity, (2) 
metacarpophalangeal joints drop, (3) interphalangeal joints 
flexion deformity or iv) weak finger flexion. Thumb adduc-
tion deformity develops due to weak extensor pollicis lon-
gus or abductor pollicis longus, while metacarpophalangeal 
joints drop results from a weak extensor digitorum commu-
nis. Last, metacarpophalangeal joints hyperextension and 
interphalangeal joints flexion deformity result from intrinsic 
palsy (claw hand deformity).

Restoration of the thumb adduction deformity can be 
achieved through transfer of extensor carpi ulnaris to 
abductor pollicis longus, while deficient interphalangeal 
joints extension can be treated by distal advancement of 
the digital extensor mechanism, or by reconstruction of the 
lumbricals (achieved by flexor digitorum sublimis or exten-
sor carpi radialis longus transfer). For restoration of meta-
carpophalangeal joints drop, flexor to extensor transfer is 
a reliable option when forearm flexors are strong enough. 
Otherwise, several different procedures can be used for 
restoration of this deformity like wrist extensor to extensor 
digitorum communis transfer, or plication of the extensor 
digitorum communis. In order for these tendon transfers to 
work, wrist fusion must be performed first so that fingers’ 
movement due to tenodesis effect with wrist flexion or exten-
sion is eliminated [39].

Fig. 1   Steindler flexorplasty in 
a 6-year-old patient with inade-
quate elbow flexion. a Preopera-
tive planning, b intraoperative 
figure showing the elevation of 
forearm flexors before the reat-
tachment to the distal humerus, 
c six months postoperatively: 
Note that the patient in order 
to achieve strong elbow flexion 
places his hand in a grasping 
position
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There are two main options for correction of weak finger 
flexion, based on the status of the wrist extensors. When 
good wrist extensor function is present, transfer of these 
tendons to flexors in a manner similar to that performed for 
ulnar nerve palsy is an effective measure [40]. Otherwise, 
if strong wrist extensors are not available (which is usually 
the case), free muscle transfer for flexor digitorum profun-
dus replacement is the optimal method. For neurotization of 
these grafts, available donor nerves include the intercostals 
nerves or the contralateral C7 nerve root (two-stage recon-
struction). An alternative option in the case of weak wrist 
extensors is local transfer of the latissimus dorsi [41]. In the 
case of global paralysis of both finger flexors and extensors, 
the latissimus dorsi muscle can be transferred for digital 
flexion, while the gracilis muscle can be transferred as a free 
muscle graft for fingers extension.

In cases of claw hand deformity, our preferred method 
of repair is the ‘Lasso’ procedure that includes the follow-
ing: harvest the one of the insertion bundles of one sublimis 
flexor tendon from long or ring finger, split it in four sections 
and pass each one of them around A1 and proximal A2 pul-
leys. This transfer improves claw hand and creates a stronger 
grip of the fingers.

Discussion

Neonatal brachial plexus palsy is the result of lateral traction 
of the brachial plexus during a difficult delivery. Although 
most of the infants fully recover within the first few months, 
some may develop permanent defects. The only chance for 
these infants to have a favorable prognosis is early microsur-
gical reconstruction [5, 42–44]. Moreover, in several cases 
spontaneous reinnervation invariably results in bony deform-
ities and joint contractures due to muscle imbalance that 
develops after this random asymmetrical reinnervation that 
favors the flexors, pronators and adductors. This is usually 
the case in upper plexus injuries, with or without C7 root 
lesion [15, 45]. An injury like that results in deficient func-
tion of the shoulder abductors and external rotators. Either 
elbow may be contracted in a flexed position, or conversely 
deficient flexion may be present.

Stabilization of the shoulder joint, and restoration of 
shoulder abduction and external rotation are the goals of 
secondary procedures in shoulder [46]. The authors believe 
that trapezius transfer is a reliable method to restore shoul-
der abduction, which can reach to 90 degrees or more if 
supraspinatus and serratus anterior are functional.

In addition, the combination of anterior soft tissue 
release, and transfer of the latissimus dorsi and teres major 
tendons around the humeral head is an excellent procedure 

with good results in younger patients up to 6–8 years old. 
In older children, rotational osteotomy of the humerus is 
our preferred method for restoration of external rotation.

Usually, a certain degree of limb length discrepancy 
becomes apparent over the years, which is further accentu-
ated by flexion contracture of the elbow. In adult patients, 
arthrodiastasis of the elbow joint with the aid of exter-
nal distraction device is an excellent choice and it is our 
preferred method for correction of flexion contracture in 
this age group. Advantages of arthrodiastasis compared to 
open release are as follows: Arthrodiastasis is a minimal 
invasive procedure, and the correction with this method is 
gradual [47]. In a decreasing order of preference accord-
ing to the authors, local muscle transfers for restoration 
of weak elbow flexion include latissimus dorsi transfer, 
the Steindler procedure and the triceps to biceps trans-
fer, especially in cases of co-contraction. Otherwise, if no 
local donors are available, our preference is to perform 
free muscle transfers innervated by either three intercos-
tals nerves or by a banked nerve graft from the contralat-
eral C7 nerve root (two-stage procedure) [48].

More distally, the developing deformities around the 
hand and wrist are more complex, and the procedures for 
correction of each of these deformities need careful pre-
operative assessment of any available donors for tendon 
transfers. If there are no such donors, free muscle transfer 
is the only option [49].

To correct rotational deformities, we prefer the rota-
tional osteotomies of the radius and for the flail wrist our 
method of choice is the wrist fusion (temporary or perma-
nent depending on the skeletal maturity). Furthermore, not 
only wrist fusion is an excellent method to stabilize the 
wrist and correct its fixed deformities, but it may provide 
function of muscle–tendon units around the wrist that can 
be transferred to enhance finger flexion and/or extension. 
Authors’ preferred method for wrist fusion is the fixation 
of the wrist with a self-compressing screw and an external 
fixator compared to the traditional method of plate and 
screws. The advantage of our technique is that the exten-
sor compartment is minimally disturbed by the fusion and 
therefore is not subjected to adhesion formation that might 
be a problem in future tendon transfers [50].

In conclusion, secondary procedures aim to restore and/
or improve the function by minimizing the residual defects 
of the paralyzed upper extremity in late cases of neona-
tal brachial plexus palsy. Careful preoperative planning is 
mandatory, and a multistaged approach should be applied, 
depending on the type of palsy and the age of the patient.
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