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Abstract
Purpose  To describe and assess an overall surgical strategy addressing extensive proximal brachial plexus injuries (BPI).
Methods  Forty-five consecutive patients’ charts with C5–C6–C7 and C5–C6–C7–C8 BPI were reviewed. Primary procedures 
were nerve transfers to restore elbow function and grafts to restore shoulder function when a cervical root was available; 
when nerve surgery was not possible or had failed, tendon transfers were conducted at the elbow while addressing shoulder 
function with glenohumeral arthrodesis or humeral osteotomy. Tendon transfers were used to restore finger extension.
Results  Forty-one patients underwent elbow flexion reanimation: thirty-eight had nerve transfers and eight received tendon 
transfers, including five cases secondary to nerve surgery failure; grade-3 strength or greater was reached in thirty-seven 
cases (90%). Twenty-nine patients had nerve transfers to restore elbow extension: twenty-five recovered grade-3 or grade-4 
strength (86%). Forty-one patients underwent shoulder surgery: fourteen had nerve surgery and thirty-one received pallia-
tive procedures, including four cases secondary to nerve surgery failure; thirty patients recovered at least 60° of abduction 
and rotation (73%). Distal reconstruction was performed in thirty-seven patients, providing finger full extension in all cases 
but two (95%).
Conclusions  A standardized strategy may be used in extensive proximal BPI, providing overall satisfactory outcomes.

Keywords  Brachial plexus · Nerve transfer · Palsy · Shoulder fusion · Tendon transfer

Introduction

Numerous surgical techniques have been proposed regarding 
brachial plexus injuries (BPI). Depending on the extent and 
type of palsy, the delay from injury, the associated lesions 
and the mechanism of trauma, different combinations may 
be offered [1].

Since functional impairments are limited to shoulder 
function and elbow flexion in C5–C6 palsies, early primary 
nerve surgery may address all deficits at once. Bertelli and 
Ghizoni, for example, proposed a triple nerve transfer for 
avulsion cases where the spinal accessory nerve is trans-
ferred to the suprascapular nerve, the triceps long or lateral 
head motor branch to the axillary nerve, and ulnar nerve 
fascicles to the biceps motor branch [2].

In C5–C6–C7 palsies, however, which represent approxi-
mately 20–35% of patients with a brachial plexus stretch 
injury, deficiencies may variably affect elbow, wrist and 
finger extension; when the C8 root is involved, wrist flexion 
may be weakened as well [3]. Additionally, new therapeu-
tic challenges arise, such as the inability to use a triceps 
motor branch to reinnervate the axillary nerve in cases of 
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triceps palsy, less ulnar nerve fascicles available to reani-
mate elbow flexion, or the restoration of wrist and finger 
extension with limited donor options [4]. Therefore, due to 
the complex and heterogeneous nature of these deficiencies 
and the subsequent limited panel of therapeutic options, a 
well-planned and staged strategy is mandatory to achieve 
satisfactory functional outcomes [5].

This retrospective study aims to describe and report on 
the results of a standardized surgical strategy for C5–C6–C7 
and C5–C6–C7–C8 palsies that combines neurological and 
palliative procedures.

Materials and methods

Between January 2002 and December 2010, forty-five 
patients (forty-one males and four females) presented with 
a C5–C6–C7 brachial plexus injury (Table 1); in eighteen 
cases, clinical evidence of an additional C8 root injury was 
found (i.e., flexor carpi ulnaris weakness).

Surgical strategy

Nerve surgery was the primary step (Fig. 1). The aver-
age time between the injury and the nerve surgery was 
8.2 months (range 2–60 months), including twelve delayed 
cases and six late cases (i.e., preoperative delay over 6 and 
12 months, respectively). Contraindications were clinical 
evidence of spontaneous recovery, joint stiffness, and a 
preoperative delay over 12 months. For elbow function, a 
preoperative delay over 12 months was not considered as a 
contraindication, provided that fibrillations were detected on 
the electromyographic (EMG) study.

To reinnervate the biceps and the brachialis muscles, dou-
ble nerve transfers were performed using ulnar and median 
fascicles, respectively (UBMB). Ulnar nerve fascicles to the 
flexor carpi ulnaris (FCU) were avoided in order to preserve 
it for secondary transfer. Subsequently, fascicles to the flexor 
digitorum profundus (FDP) or intrinsic muscles of the hand 
were selected. When intraoperative neurostimulation of the 
ulnar nerve fascicles was not satisfactory, the biceps was 
reinnervated by a second median nerve fascicle (MBMB), 
selecting fascicles to the flexor carpi radialis (FCR) muscle 
in order to preserve the flexor digitorum superficialis (FDS) 
muscle for secondary transfer. For elbow extension, three 
intercostal nerves (ICN, 3, 4 and 5) were transferred to the 
triceps long head motor branch (TLHMB).

Regarding the shoulder, the indication depended on the 
injury type. When root lesions were determined as pregan-
glionic during preoperative assessment (i.e., absent Tinel 
sign and avulsion evidence of C5, C6, and C7 roots), the 
supraclavicular brachial plexus was not explored surgically; 
otherwise, cervical exploration was performed and the 

roots were assessed intraoperatively, based on their general 
appearance, firmness and response to electrostimulation. 
When a viable root was found, sural grafts were carried out, 
targeting the suprascapular nerve (SSN) and the axillary 
nerve (AN). In cases with no graftable root, nerve transfers 
involving ICN or the TLHMB were conducted when pos-
sible; in three cases, ICN was available to be transferred to 
the AN (two patients) or the SSN (one patient); in one case, 
the TLHMB was available to be transferred to the AN. In 
cases with no graftable root and without the TLHMB or 
ICN available for transfer, no transfer involving the spinal 
accessory nerve (SAN) was performed in order to preserve 
the trapezius function, and shoulder function was primarily 
addressed with palliative procedures.

Glenohumeral arthrodesis (GA) was performed in 
patients with flail shoulder, either primarily in avulsion 
injuries or late cases, or secondarily in cases of nerve sur-
gery failure. In patients with a stable glenohumeral joint 
and a predominant lack of external rotation, an exter-
nal derotation humeral osteotomy (HO) was performed. 

Table 1   Cohort details

Data reported as mean (range), unless otherwise indicated
No number of patients and/or lesions (reported as absolute values), M 
male, F female, RTA​ road traffic accident, UL upper limb, FCU flexor 
carpi ulnaris, PM pseudomeningoceles
a Muscular strength was assessed according to the British Medical 
Research Council grading system

Patients (no) 45
Age (years) 32 (16;60)
Sex ratio (M/F, no) 41/4
Etiologies
 RTA (motorbike/car/quad bike/bicycle, no) 40 (34/3/2/1)
 Sports (judo/equestrianism, no) 2 (1/1)
 Work related injury (no) 3

Associated injuries
 Ipsilateral UL fractures (shoulder-arm/elbow-

forearm/wrist-hand, no)
20 (12/3/5)

 Other fractures (spine/ribs/limbs, no) 6 (1/1/4)
 Other injuries (head/thorax, no) 5 (3/2)

Strength at initial examination (≤ 2/3/≥ 4, no)a

 Elbow flexion 44/0/1
 Elbow extension 33/6/6
 Shoulder abduction 42/0/3
 Shoulder external rotation 41/1/3
 Wrist extension 36/2/7
 Finger extension 33/1/11
 Positive supraclavicular Tinel’s sign (no) 20

MRI lesions
 Rootlet avulsions (C4/C5/C6/C7/C8, no) 45 (1/9/14/17/4)
 PM (C5/C6/C7/C8, no) 23 (2/6/11/3)
 Follow-up (months) 64 (28;136)
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Regarding elbow flexion, tendon transfers were carried 
out in late cases with no electrical activity on the EMG 
or following nerve surgery failure. Pectoralis major (PM) 
or latissimus dorsi (LD) bipolar transfers to the biceps 
were our primary choices; the Steindler flexorplasty was 
reserved to cases with PM and LD palsies.

To restore wrist and finger extension, our primary 
choice was to transfer the FCU to the extensor digitorum 
communis (EDC) and extensor pollicis longus (EPL), the 
FDS of the third finger to the extensor carpi radialis bre-
vis (ECRB), the palmaris longus (PL) to the extensor pol-
licis brevis (EPB) and abductor pollicis longus (APL). In 
patients with FCU palsy, customized transfers were con-
ducted, most commonly involving the FDS. Wrist fusion 
was performed in patients with lack of donor muscles.

Data collection

Investigations were conducted according to the 1964 Dec-
laration of Helsinki ethical standards and to the MR-003 
reference methodology [6]; the study was registered in the 
CNIL database register (No. 2052222 v 0); and each patient 
was individually informed and consented before any data 
collection.

Review of all the charts yielded patient demographics, 
initial clinical and imaging findings, surgical strategy, and 
last postoperative physical examination findings, including 
active range of motion of all joints and elbow flexion–exten-
sion strengths based on the British Medical Research Coun-
cil (BMRC) grading system. A qualitative scale was then 
established for each joint based on this information.

C5-C6-C7 C8 brachial plexus injury

3-6 months Initial assessment
Palsy extent and reinnervation signs (clinical assessment / EMG study in 
late cases)
Root avulsion (absent Tinel sign / cervical imaging)

1 – Nerve surgery Elbow and Shoulder
Elbow flexion (double nerve transfer – UBMB or MBMB)
Elbow extension (ICN 3-4-5 to TLHMB)
Shoulder function (if root viable = grafts to SSN and AN / no SAN transfer)

3-6 months after nerve surgery

2 – Distal palliative surgery Wrist and Hand
Strong FCU FCU to EDC and EPL, FDS3 to ECRB, PL to APL and EPB
Weak FCU Customized transfer +/- Wrist fusion

> 12 months after nerve surgery

3 – Proximal palliative surgery Elbow and Shoulder 
Flail shoulder GA
Stable shoulder with limited external rotation HO
Weak elbow flexion Palliative transfers (PM or LD to BB / Steindler 
flexorplasty)

Fig. 1   Flowchart of the surgical strategy (C5–C6–C7 ± C8: cervi-
cal roots; EMG electromyography, UBMB ulnar fascicle to biceps 
motor branch and median fascicle to brachialis motor branch, MBMB 
median fascicles to biceps and brachialis motor branches, ICN inter-
costal nerves, TLHMB triceps long head motor branch, SSN supras-
capular nerve, AN axillary nerve, SAN spinal accessory nerve, FCU 

flexor carpi ulnaris, EDC extensor digitorum communis, EPL exten-
sor pollicis longus, FDS3 flexor digitorum superficialis of the third 
finger, ECRB extensor carpi radialis brevis, PL palmaris longus, APL 
abductor pollicis longus, EPB extensor pollicis brevis, GA gleno-
humeral arthrodesis, HO external derotation humeral osteotomy, PM 
pectoralis major muscle, LD latissimus dorsi muscle)
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Regarding elbow flexion and extension, poor, fair and 
good results were, respectively, defined as grade-2 strength 
or less; grade-3 strength; grade-4 strength. In patients with 
grade-4 elbow flexion strength, the maximum weight the 
patient could lift at the wrist with the elbow flexed at 90° 
was noted; when grade-4 elbow extension strength was 
observed, the patient was asked to press on a scale with 
the wrist with the elbow flexed at 90°. Shoulder function 
grading depended on active abduction and rotational arc 
of motion (i.e., sum of internal rotation and external rota-
tion, which were measured from neutral rotation); poor, 
fair and good results were, respectively, defined as abduc-
tion and/or rotation lesser than 45°; both abduction and 
rotation of 45° or greater; both abduction and rotation of 
60° or greater. Regarding distal reconstruction, poor, fair 
and good results were, respectively, defined as incomplete 
extension of the metacarpophalangeal (MP) joints; pas-
sive full extension of the MP joints due to wrist flexion 
(tenodesis): active full extension of the (MP) joints with 
the wrist 20° extended.

Statistical analysis

To compare postoperative active range of motion after 
palliative or neurological procedures, the Shapiro–Wilk 
test was used on all data and excluded their normal distri-
bution; Mann–Whitney U tests were subsequently used. 
Results were presented as mean (range), unless otherwise 
stated. The level of significance was defined as P < .05, 
for all tests.

Results

The average duration of follow-up after first surgery was 
63.6 months (range 28–136 months).

Elbow flexion

Elbow flexion reanimation was conducted in forty-one 
patients (Figs. 2, 3). Thirty-eight patients received dou-
ble nerve transfers, including thirty-four UBMB and four 
MBMB. Good (twenty-eight patients) and fair (one patient) 
results were observed in twenty-nine patients (76%); patients 
with grade-4 strength resisted to a mean loading of 6.2 kg 
(range 2–11 kg). Poor results were observed in nine patients 
after nerve surgery; five underwent secondary tendon trans-
fers (i.e., four bipolar PM transfers and one Steindler flex-
orplasty), allowing for grade-3 strength in all cases; no pal-
liative options were suitable for the others (i.e., two patients 
refused to undergo additional surgery, two patients presented 
secondary stiffness due to prolonged lack of passive mobi-
lization). Palliative surgery was performed primarily in 
three late cases without electrical reinnervation signs (i.e., 
two bipolar PM transfers and one Steindler flexorplasty); 
grade-3 strength was obtained in all cases. At last follow-
up, good and fair results were thus observed in thirty-seven 
patients (90%). Conservative treatment was conducted in 
four patients; two presented with elbow stiffness due to con-
comitant fractures, and one recovered spontaneously; the 
last patient presented with a five-years-old injury, previously 
operated on at another institution (i.e., sural grafts from C5 
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Fig. 2   Bar graph illustrating the outcomes of the different surgeries performed to restore elbow flexion (No number of patients, UBMB ulnar 
fascicle to biceps motor branch and median fascicle to brachialis motor branch, MBMB median fascicles to biceps and brachialis motor branches)
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root to musculocutaneous nerve), with grade-2 strength 
noted at last follow-up but no palliative option available.  

Elbow extension

ICN was transferred to the TLHMB in twenty-nine patients 
(Figs.  4, 5). Good (fourteen patients) and fair (eleven 
patients) results were observed in twenty-five patients 
(86%); a mean pressing load of 3.4 kg (range 2–6 kg) was 
recorded in patients with grade-4 strength. Poor results were 
observed in four patients (grade-2 strength or less); however, 
improvement was considered satisfactory and no further 
palliative treatment was conducted. Conservative treatment 

was adopted in sixteen patients, including five without ini-
tial triceps palsy and seven spontaneous recoveries. In four 
cases, nerve surgery was not an option because of delay (one 
patient), concomitant fractures with subsequent elbow stiff-
ness (two patients), and concomitant proximal humeral open 
fracture with inclusion of the triceps motor branches into 
scar fibrosis (one patient); likewise, functional results were 
acceptable and no palliative treatment was carried out.

Shoulder

Forty-one patients required surgical attention. Nerve sur-
gery was performed in fourteen patients, resulting in six 

Fig. 3   Bar graph showing the 
repartition of elbow flexion 
outcomes according to the delay 
between the initial injury and 
the nerve surgery (No number 
of patients)
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good results (43%) and three fair results (Table 2). Among 
the five patients with poor outcomes, secondary GA and 
HO were performed in one and three cases, respectively; 
one patient refused to undergo GA. In twenty-seven cases, 
palliative treatment was completed primarily; twenty-four 
patients underwent GA, with twenty-three good results 

(85%) and one fair result; three patients underwent HO, 
providing a fair result in all cases. At last follow-up, good 
results were observed in thirty patients (73%); fair results 
were observed in ten patients; and one patient presented 
poor results, with only 40° of active abduction (Fig. 6). 
In patients with good results, ranges of motions follow-
ing palliative treatment were inferior than after nerve 
surgery (Table 3). Conservative treatment was adopted in 
four patients who spontaneously recovered a satisfactory 
shoulder function.

Hand

Palliative surgery for wrist and finger extension was con-
ducted in thirty-seven patients. Nineteen patients under-
went FCU-based transfer, which provided good results in 
seventeen patients. Failure was observed in two cases; in 
both cases, tenodesis of the EPL and EDC tendons to the 
posterior aspect of the radius was performed as a revision, 
which provided one fair and one poor result. The remain-
ing eighteen patients had FCU palsy, seven of whom 
underwent tendon transfers only and eleven required 
wrist fusion. Of these eleven, eight patients underwent 
associated transfers for finger extension while three did 
not (Table 4); good results were observed in all cases. At 
final evaluation, thirty-five patients presented with good 
results (95%). Conservative treatment was adopted in eight 
patients who did not suffer from finger and wrist extension 
palsy (four patients) or spontaneously recovered both func-
tions (four patients).
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Fig. 5   Bar graphs showing the repartition of elbow extension outcomes according to the delay between the initial injury and the nerve surgery 
(No number of patients)

Table 2   Nerve surgery at the shoulder

No number of patients, SSN suprascapular nerve, AN axillary nerve, 
SAN spinal accessory nerve, LHTMB long head of the triceps motor 
branch, ICN intercostal nerves, PA preoperative assessment, IA intra-
operative assessment
a Some transfers were not performed at our institution (i.e., SAN to 
SSN). One patient benefited from 2 transfers, namely SAN to SSN (at 
other institution) and ICN 3, 4, 5 to AN (at our institution)

Techniques No Results 
(good/fair/
poor, no)

Grafts 9 5/1/3
 C5 root to SSN and AN 8 5/1/2
 C7 root to SSN and AN 1 0/0/1

Transfersa 5 1/2/2
 SAN to SSN 2 1/0/1
 LHTMB to AN 1 0/0/1
 ICN 3, 4, 5 to AN 2 1/1/0
 ICN 1 to SSN 1 0/1/0

No nerve surgery 31 –
 Spontaneous recovery 6 –
 Delay 9 –
 No graftable root (PA) 6 –
 No graftable root (IA) 10 –
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Complications

Twenty-six postoperative complications were outlined dur-
ing follow-up; their details and management are displayed 
in Table 5.

Discussion

In this retrospective study, a systematic approach to 
C5–C6–C7 and C5–C6–C7–C8 palsies was described, 
with nerve surgeries targeting primarily elbow flexion and 
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Fig. 6   Bar graph representing the functional results of the different surgeries performed to restore shoulder function (No number of patients, GA 
glenohumeral arthrodesis, HO external derotation humeral osteotomy)

Table 3   Active ranges of 
motion at last follow-up

All data are reported in degrees as mean (standard deviation; range)
No number of patients
a Elbow values are based on good and fair results, whereas shoulder, wrist and metacarpophalangeal values 
are based on good results only. Metacarpophalangeal measurements were taken on the index finger with the 
wrist stabilized 20° extended by the examiner, when not fused
b Fused wrists were excluded from this analysis

Joints and motionsa Nerve surgery Palliative surgery P values

Elbow flexion (no) 29 8
133 (90;150) 99 (80;120) < .001

Elbow extension (no) 25
− 6 (− 30;0) – –

Shoulder (no) 6 24
Abduction 100 (70;120) 74 (60;90) .003
External rotation 20 (10;40) − 11 (− 30; 0) < .001
Internal rotation 95 (90–100) 84 (70;90) .002
Wrist (no)b 35
Flexion – 32 (10;60) –
Extension – 65 (30;80) –
Metacarpophalangeal joints (no) 35
Flexion – 92 (70–100) –
Extension – 4 (0–20) –



146	 MUSCULOSKELETAL SURGERY (2019) 103:139–148

1 3

extension, whereas proximal and distal reconstructions were 
mostly achieved through palliative procedures; applied in 
forty-five consecutive patients, satisfactory functional out-
comes were observed in the majority of cases.

Elbow

As previously emphasized, elbow flexion outcomes follow-
ing nerve surgery are less satisfactory in patients with an 
additional C7 and C8 root involvement [7]. Therefore, we 
performed a double transfer in all cases in order to maxi-
mize recovery chances [8]. In addition, since the FCU was to 
be transferred secondarily, fascicles to the FDP or intrinsic 

hand muscles were selected as donors; Bertelli and Ghi-
zoni demonstrated that hand strength is most commonly 
preserved after such transfers [9]. When no response to 
stimulation is observed in these fascicles, a second median 
fascicle may be used since they are the last to be impaired 
in extended palsies [10].

Regarding elbow extension, Goubier and Teboul reported 
effective triceps activity in eight cases out of ten using ICN 
transfers in their initial study [11]. Except the three fail-
ures depicted by Flores, similar outcomes are presented in 
the literature and in our series [11–13]; hence, we would 
recommend this procedure in such indications. Indeed, we 
consider that intraplexal alternatives (i.e., thoracodorsal and 
medial pectoral nerves) should be preserved in the event of 
nerve surgery failure, since bipolar PM and LD transfers are 
reliable palliative solutions [14]. Furthermore, extraplexal 
donors (i.e., phrenic nerve, hypoglossal nerve) appear to be 
more invasive options and should be avoided [15].

In our experience, UBMB and ICN to TLHMB transfers 
are reliable procedures for elbow flexion and extension rean-
imation, respectively. Therefore, we consider that cervical 
roots, when available, should be used to reanimate shoulder 
function.

Shoulder

Most authors agree on using viable roots to perform grafts 
targeting the upper trunk and/or its branches, but avulsion 
lesions remain controversial [5, 16–19]. In our previous 
experience, we observed disappointing results with the 
sole use of the SAN to SSN transfer to restore shoulder 
abduction. Furthermore, the lack of external rotation may 
not be addressed as well, as outlined by Baltzer et al. [18]. 
To enhance the chance of recovery of shoulder function, 
some authors recommend to add the reinnervation of the 

Table 4   Palliative surgery at the wrist and the hand

No number of patients, FCU flexor carpi ulnaris, EDC extensor digi-
torum communis, EPL extensor pollicis longus, FDS3 and 4 flexor 
digitorum superficialis of the 3rd and 4th fingers, ECRB extensor 
carpi radialis brevis, PL palmaris longus, APL abductor pollicis lon-
gus, EPB extensor pollicis brevis, PT pronator teres

Techniques No

FCU transfers
FCU to EDC and EPL/FDS3 to ECRB/PL to APL EPB 15
FCU to EDC and rerouted EPL/FDS3 to ECRB 2
FCU to EDC and rerouted EPL/PT to ECRB 1
FCU to ECRB 1
Other transfers 7
FDS4 to EDC and EPL/FDS3 to ECRB/PL to APL EPB 1
FDS4 to EDC and rerouted EPL/FDS3 to ECRB 4
FDS3 to EDC and rerouted EPL 1
PT to ECRB 1
Wrist fusions 11
Simple fusion 3
Associated to transfer—FDS3 to EDC and rerouted EPL 8

Table 5   Postoperative 
complications and management

No number of complications, GA glenohumeral arthrodesis, HO humeral osteotomy, FCU flexor carpi 
ulnaris, AIN anterior interosseous nerve, FPL flexor pollicis longus, FDP 2 and 4 flexor digitorum profun-
dus of the 2nd and 4th fingers, TB triceps brachii; biceps brachii, BoTox botulinum toxin, EPL extensor pol-
licis longus, EDC extensor digitorum communis

Complications (No) Management

Shoulder (7)
 Nerve surgery failures (5) GA or HO
 GA non-union (2) Autogenous iliac bone graft

Elbow (16)
 Elbow flexion nerve surgery failures (9) Palliative transfers
 Elbow extension nerve surgery failures (4) Conservative treatment
 FPL and FDP2 palsy due to median fascicles harvesting (1) Tenodesis—FPL and FDP2 to FDP4
 Co-contraction TB—BB (1) TB BoTox injection

Wrist (3)
 Transfer failure (2) Tenodesis—EPL and EDC to radius
 Non-union (1) Autogenous iliac bone graft
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axillary nerve [20]. In patients with grade-3 elbow extension 
strength, we consider that the TLHMB should not be trans-
ferred to the AN due to unpredictable outcomes [21]; how-
ever, if triceps function is sufficient, ICN might be used for 
shoulder function [22, 23]. In patients with grade-2 elbow 
extension strength or less, since the ICN are used to restore 
elbow extension, more invasive harvests would be needed, 
such as the phrenic nerve or a branch of the long thoracic 
nerve [19, 24].

Another approach would be to avoid this transfer (i.e., 
SAN to SSN transfer) in patients with greater than C5–C6 
level injuries in order to perform primarily palliative surger-
ies in optimal conditions, including GA and tendon transfers 
[16, 18, 25]. With an average abduction around 70°, our 
results are consistent with the existing literature [26, 27] 
and thus moderately superior than what may be expected 
from tendon transfers [25, 28]. Nonetheless, Elhassan et al. 
recently described new possibilities of transfers involving 
the lower trapezius muscle, which provided promising out-
comes regarding shoulder external rotation [25, 29].

Distal reconstruction

For the past decade, nerve transfers have been emphasized 
as a viable alternative to tendon transfers to reanimate hand 
and wrist functions. In brachial plexus palsy, Bertelli et al. 
[10] have experienced good results by transferring the prona-
tor quadratus branch to the nerve to the ECRB to reanimate 
wrist extension; however, they recommended addressing fin-
ger extension secondarily with FCU transfer, due to the lack 
of nerve donors. In our experience, tendon transfers allow for 
a fast functional recovery without preventing delayed spon-
taneous reinnervation, providing consistent outcomes with 
finger and wrist extension independent from one another. In 
cases with lack of donors, radiocarpal arthrodesis remains a 
reliable solution [30].

General considerations

As previously outlined in the literature, nerve surgeries 
should be performed within the first 6 months to ensure opti-
mal results (Figs. 3, 5) [1]. However, due to very encourag-
ing results that we obtained for elbow function in early cases, 
we extended our indications to delayed and late cases, pro-
vided that fibrillations remained present on the preoperative 
EMG study. Regarding elbow flexion, we had six patients 
that met these criteria, and four of them recovered satisfac-
tory function. Regarding elbow extension, three patients met 
these criteria; one patient recovered grade-3 elbow extension 
strength whereas the two remaining patients had grade-2 
strength at final follow-up. In contrast, due to much more 
unpredictable outcomes in early cases, we did not perform 
any nerve surgery for shoulder function in late cases.

Distal reanimation was the next step, in order to enable 
early involvement of the hand in daily living activities, while 
proximal nerve surgeries progressively recovered [16]. 
Nonetheless, we routinely waited for an interval between 
nerve transfers for restoration of elbow flexion and distal ten-
don transfers, in order to acknowledge any postoperatively 
deficit and subsequently identify available donors. Proximal 
reconstruction was conducted last, at least 1 year after nerve 
surgery; however, when GA was performed primarily, such 
a delay was not observed since no recovery was expected.

Conclusion

While considering their clinical heterogeneity, C5–C6–C7 
and C5–C6–C7–C8 palsies may be managed through a 
standardized association of neurological and palliative pro-
cedures, allowing for satisfactory functional outcomes. If 
elbow function may be addressed with nerve transfers in 
most cases, shoulder and hand functions mainly depend on 
palliative procedures; early nerve surgery should thus be 
performed accordingly, by preserving the SAN proximally 
and preserving ulnar fascicles to the FCU when selecting a 
motor branch for elbow flexion reanimation.

Acknowledgements  The authors would like to thank Julia Lee, MD, 
for her help with the redaction and revision of the English composition 
of the manuscript.

Authors’ contribution  MLH contributed to conception, writing and 
editing. TL involved in conception, witting and editing. ACB helped 
with corrections, writing and editing. ZB contributed to corrections, 
writing and editing.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical standards  All investigations were conducted in accordance with 
the 1964 Declaration of Helsinki ethical standards and the MR-003 
reference methodology*; the study was registered in the National 
Commission for the Computer Science and Liberties (Commission 
Nationale de l’Informatique et des Libertés—CNIL) database register 
(No. 2052222 v 0); and each patient was individually informed and 
gave his/her consent before any data collection and analysis.* Journal 
Officiel de la République Française n°0189 du 14 août 2016. Texte 
N°77. legifrance.gouv.fr. https://www.legifrance.gouv.fr/affichTexte.
do?cidTexte=JORFTEXT000033028290&dateTexte=&categorieLie
n=id. Access date: 01/01/2018.

References

	 1.	 Giuffre JL, Kakar S, Bishop AT, Spinner RJ, Shin AY (2010) Cur-
rent concepts of the treatment of adult brachial plexus injuries. J 
Hand Surg Am 35:678–688



148	 MUSCULOSKELETAL SURGERY (2019) 103:139–148

1 3

	 2.	 Bertelli JA, Ghizoni MF (2004) Reconstruction of C5 and C6 
brachial plexus avulsion injury by multiple nerve transfers: spinal 
accessory to suprascapular, ulnar fascicles to biceps branch, and 
triceps long or lateral head branch to axillary nerve. J Hand Surg 
Am 29:131–139

	 3.	 Spinner RJ, Shin AY, Hébert-Blouin M-N, Elhassan BT, Bishop 
AT (2011) Traumatic brachial plexus injury. In: Wolfe SW (ed) 
Green’s operative hand surgery, vol 2. Elsevier, Philadelphia, pp 
1235–1295

	 4.	 Oberlin C, Durand S, Belkheyar Z, Shafi M, David E, Asfaza-
dourian H (2009) Nerve transfers in brachial plexus palsies. Chir 
Main 28:1–9

	 5.	 Bertelli JA, Ghizoni MF (2011) Results and current approach for 
Brachial Plexus reconstruction. J Brachial Plex Peripher Nerve 6:2

	 6.	 Journal Officiel de la République Française n°0189 du 14 août 
2016. Texte N°77. legifrance.gouv.fr. https://www.legifrance.
gouv.fr/affichTexte.do?cidTexte=JORFTEXT0000&dateTexte=
&categorieLien=id. Accessed 01 Jan 2018

	 7.	 Barthel PY, Barbary S, Breton A et al (2014) Recovery of elbow 
flexion in post-traumatic C5–C6 and C5–C6–C7 palsy: retrospec-
tive dual-center study comparing single and double nerve transfer 
(article in French). Chir Main 33:211–218

	 8.	 Mackinnon SE, Novak CB, Myckatyn TM, Tung TH (2005) 
Results of reinnervation of the biceps and brachialis muscles with 
a double fascicular transfer for elbow flexion. J Hand Surg Am 
30:978–985

	 9.	 Bertelli JA, Ghizoni MF (2010) Nerve root grafting and distal 
nerve transfers for C5–C6 brachial plexus injuries. J Hand Surg 
Am 35:769–775

	10.	 Bertelli JA, Ghizoni MF, Tacca CP (2016) Results of wrist exten-
sion reconstruction in C5–8 brachial plexus palsy by transferring 
the pronator quadratus motor branch to the extensor carpi radialis 
brevis muscle. J Neurosurg 124:1442–1449

	11.	 Goubier JN, Teboul F (2007) Transfer of the intercostal nerves 
to the nerve of the long head of the triceps to recover elbow 
extension in brachial plexus palsy. Tech Hand Up Extrem Surg 
11:139–141

	12.	 Flores LP (2011) Triceps brachii reinnervation in primary recon-
struction of the adult brachial plexus: experience in 25 cases. Acta 
Neurochir (Wien) 153:1999–2007

	13.	 Goubier JN, Teboul F, Khalifa H (2011) Reanimation of elbow 
extension with intercostal nerves transfers in total brachial plexus 
palsies. Microsurgery 31:7–11

	14.	 Cambon-Binder A, Belkheyar Z, Durand S, Rantissi M, Oberlin C 
(2012) Elbow flexion restoration using pedicled latissimus dorsi 
transfer in seven cases. Chir Main 31:324–330

	15.	 Bustra LF, Shin AY (2016) Nerve transfers to restore elbow func-
tion. Hand Clin 32:165–174

	16.	 Oberlin C (2003) Brachial plexus palsy in adults with radicular 
lesions, general concepts, diagnostic approach and results (article 
in French). Chir Main 22:273–284

	17.	 Songcharoen P, Wongtrakul S, Spinner RJ (2005) Brachial plexus 
injuries in the adult nerve transfers: the Siriraj Hospital experi-
ence. Hand Clin 21:83–89

	18.	 Baltzer HL, Wagner ER, Kircher MF, Spinner RJ, Bishop AT, 
Shin AY (2016) Evaluation of infraspinatus reinnervation and 
function following spinal accessory nerve to suprascapular nerve 
transfer in adult traumatic brachial plexus injuries. Microsurgery. 
https​://doi.org/10.1002/micr.30070​

	19.	 Chuang DC, Lee GW, Hashem F, Wei FC (1995) Restoration of 
shoulder abduction by nerve transfer in avulsed brachial plexus 
injury: evaluation of 99 patients with various nerve transfers. Plast 
Reconstr Surg 96:122–128

	20.	 Leechavengvongs S, Malungpaishorpe K, Uerpairojkit C, Ng CY, 
Witoonchart K (2016) Nerve transfers to restore shoulder func-
tion. Hand Clin 32:153–164

	21.	 Leechavengvongs S, Witoonchart K, Uerpairojkit C, Thuva-
sethakul P (2003) Nerve transfer to deltoid muscle using the nerve 
to the long head of the triceps, part II: a report of 7 cases. J Hand 
Surg Am 28:633–638

	22.	 Malungpaishrope K, Leechavengvongs S, Uerpairojkit C, Witoon-
chart K, Jitprapaikulsarn S, Chongthammakun S (2007) Nerve 
transfer to deltoid muscle using the intercostal nerves through 
the posterior approach: an anatomic study and two case reports. J 
Hand Surg Am 32:218–224

	23.	 Durand S, Oberlin C, Fox M, Diverrez JP, Dauge MC (2009) 
Transfer of the first intercostal nerve to supra- and infraspinatus 
muscles: an anatomical study and report of the first case. J Hand 
Surg Eur 34:196–200

	24.	 Bertelli JA, Ghizoni MF (2007) Transfer of the accessory nerve to 
the suprascapular nerve in brachial plexus reconstruction. J Hand 
Surg Am 32:989–998

	25.	 Elhassan B, Bishop AT, Hartzler RU, Shin AY, Spinner RJ (2012) 
Tendon transfer options about the shoulder in patients with bra-
chial plexus injury. J Bone Joint Surg Am 94:1391–1398

	26.	 Chammas M, Goubier JN, Coulet B, Reckendorf GMZ, Picot MC, 
Allieu Y (2004) Glenohumeral arthrodesis in upper and total bra-
chial plexus palsy. A comparison of functional results. J Bone 
Joint Surg Br 86:692–695

	27.	 Atlan F, Durand S, Fox M, Levy P, Belkheyar Z, Oberlin C (2012) 
Functional outcome of glenohumeral fusion in brachial plexus 
palsy: a report of 54 cases. J Hand Surg Am 37:683–688

	28.	 Rühmann O, Schmolke S, Bohnsack M, Carls J, Wirth CJ (2005) 
Trapezius transfer in brachial plexus palsy. Correlation of the out-
come with muscle power and operative technique. J Bone Joint 
Surg Br 87:184–190

	29.	 Elhassan BT, Wagner ER, Spinner RJ, Bishop AT, Shin AY 
(2016) Contralateral trapezius transfer to restore shoulder external 
rotation following adult brachial plexus injury. J Hand Surg Am 
41:e45–e51

	30.	 Giuffre JL, Bishop AT, Spinner RJ, Kircher MF, Shin AY (2012) 
Wrist, first carpometacarpal joint, and thumb interphalangeal joint 
arthrodesis in patients with brachial plexus injuries. J Hand Surg 
Am 37:2557–2563

https://doi.org/10.1002/micr.30070

	Surgical strategy in extensive proximal brachial plexus palsies
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Surgical strategy
	Data collection
	Statistical analysis

	Results
	Elbow flexion
	Elbow extension
	Shoulder
	Hand
	Complications

	Discussion
	Elbow
	Shoulder
	Distal reconstruction
	General considerations

	Conclusion
	Acknowledgements 
	References




