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Abstract
Background  In total brachial plexus injury, intercostal nerves (ICNs) are used as donor nerves to restore the elbow flexion; 
albeit in upper brachial plexus injury (BPI), ulnar nerve provides a source of motor axons for this purpose. The present study 
set out to compare the restoration of elbow flexion by using these two donor nerves.
Methods  Between 2010 and 2013, 24 adult patients with upper-middle BPI and 15 patients with total BPI undergoing elbow 
flexion restoration surgery were studied. Motor fascicle of flexor carpi ulnaris branch of ulnar nerve (mFCU nerve) proce-
dure was utilized in upper-middle BPI, as well as transfer of ICN to biceps branch of the musculocutaneous nerve (MCN) in 
total BPI. Both techniques included sectioning, rerouting, and direct suturing of the biceps branch of the MCN. Follow-up 
consisted serial clinical examinations and EMG–NCV tests. Motor strength was recorded according to the British Medical 
Research Council grading system in that the results were reported as nonfunctional (grades M0–M2) and functional (grades 
M3–M5).
Result  No significant difference was documented between the Oberlin procedure and ICN–MCN transfer in terms of rein-
nervation results (P = 0.6). However, a significant difference in restoration of muscle force was found between the mFCU 
(95.83%) and ICN–MCN transfers (66.66%) (P = 0.02).
Conclusion  The evidence from the present study indicates that although ICN–MCN transfer is a viable method for reanima-
tion of elbow flexion in BPI, mFCU nerve is a better donor if exists.
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Introduction

Brachial plexus is shaped by the anterior rami of the 
lower four cervical nerves and the first thoracic nerve 
[5]. Traumatic brachial plexus injuries (BPI) in adults 
are devastating and can give rise to severe disability [1, 
11, 23]. Severe brachial plexus injuries, which usually 
result from motor vehicle accidents, can lead to arm palsy 
with motor and sensory loss [6]. Restoration of motor 
recovery is carried out with priority of (1) elbow flexion, 
(2) shoulder abduction, (3) elbow extension, (4) finger 
flexion, and (5) protective sensory recovery on the fingers 
[7]. The restoration of elbow flexion using nerve trans-
fer can be offered by reinnervation of the biceps muscle. 
Elbow flexion recovery using nerve transfer has been 
focused on reinnervation of the biceps muscle used for 
forearm supination and elbow flexion. In 1994, Oberlin 
first reported a direct transfer of a redundant flexor carpi 
ulnaris fascicle from the functioning ulnar nerve to the 
biceps branch of the musculocutaneous nerve (MCN) in 
order for restoration of elbow flexion [16]. In this proce-
dure, rapid restoration of biceps function can be achieved 
by virtue of short distance between donor nerve and target 
biceps muscle. In order to reconstruct the elbow flexion, 
intercostal nerve (ICN) to MCN transfer is another option. 
Seddon first transferred ICN to MCN along with sural 
nerve interposition for reconstruction of elbow flexion in 
patients with BPI [20]. This transfer has also been used 
in all types of BPI, including total BPI with excellent out-
comes for elbow flexion [22]. In this study, we compared 
the results of restoration of elbow flexion after transfer 
of ulnar nerve and ICN as donor nerves.

Materials and methods

Patient population

We retrospectively reviewed 24 adult patients with an 
upper BPI and 15 with total BPI undergoing surgery for 
restoring elbow flexion from 2010 to 2013. All the surger-
ies were performed by a single peripheral nerve surgeon. A 
motor fascicle of flexor carpi ulnaris branch of ulnar nerve 
(mFCU nerve) procedure was utilized in upper BPI and 
transfer of ICN to biceps branch of the MCN in total BPI.

Motor vehicle accidents and falling down were the 
cause of injuries. All the patients underwent serial clini-
cal examinations, electrodiagnostic studies, and cervical 
MRI preoperatively.

Follow-up consisted postoperative serial clinical exami-
nations and two rounds of EMG–NCV on the 6- and 
12-month follow-ups. Motor strength was recorded by 
using the British Medical Research Council (MRC) grad-
ing system in that the results were reported as nonfunc-
tional (grades M0, M1, and M2) and functional (grades 
M3, M4, and M5) [12]. Existence of the reinnervation 
evidence by using electromyography–nerve conduction 
velocity (EMG–NCV) test was also recorded.

Surgical technique

Musculocutaneous recipient nerve

In the anterioromedial aspect of the arm, a 10-cm incision 
was made. The MCN was explored between the biceps and 
brachialis muscles. The MCN was followed toward the distal 
end and the motor branch of the biceps was found. The motor 
branch of the biceps was released and cut as proximal as pos-
sible to have sufficient length of the nerve.

Ulnar nerve exposure

Ulnar nerve was exposed via the above-mentioned similar 
incision. The epineurium was opened under microscope 
and a fascicle  predominantly innervating flexor carpi 
ulnaris muscle was confirmed by electrical stimulation and 
was selected. The selected ulnar fascicle was thereafter 
coapted to the biceps branch with 9-0 nylon suture under 
magnification.

Intercostal nerve harvesting

A thoracostomy incision was made at T4 exposing 3rd–6th 
ICNs. Subperiosteal dissection of the rib was done expos-
ing the motor portion of the ICN and was then confirmed 
using a nerve stimulator. According to availability of the 
nerves, two or three ICNs were incised in an area where 
was closest to the sternum to have sufficient length required 
for direct anastomosis with the biceps branch of the MCN 
without use of an interposition graft. Under microscopic, 
the neurorrhaphy was performed without tension using a 
10-0 nylon suture.

The limb was immobilized in an arm splint with the elbow 
at 90° flexion after the surgery to restrict movement of the 
shoulder and elbow joint for 4 weeks. Physiotherapy was 
commenced for active and passive range of motion along 
with motor reeducation after 1 month. There was no clinical 
evidence of donor nerve dysfunction.
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Results

The present study investigated 39 patients undergoing 
nerve transfer surgeries for the elbow flexion restoration. 
Fifteen and 24 patients underwent ICN–MCN and mFCU 
nerve transfers, respectively.

The mean follow-up duration was 23.73  months in 
the patients undergoing ICN–MCN transfer, compared 
to 13.3 months in the patients undergoing mFCU nerve 
transfer. In mFCU nerve transfer group, 21 were males and 
3 were females. In the ICN–MCN transfer group, 11 were 
males and 4 were females.

The  ave rage  age  o f  pa t i en t s  unde rgo ing 
ICN–MCN and mFCU nerve transfers were 31.3 ± 10.4 and 
31.7 ± 11.1 years, respectively. No significant differences 

in age were observed between the two groups (P = 0.9; 
95% CI = − 7.5–6.8). On the final evaluation, out of the 
15 patients undergoing ICN-MCN transfer, one showed 
M0 muscle force, one with M1 muscle force, three with 
M2 muscle force, five with M3 muscle force, five with M4 
muscle force and none of them reached M5 muscle force. 
Therefore, 10 out of the 15 patients with ICN–MCN trans-
fer regained functional elbow flexion (66.6%) (Fig. 1). In 
the mFCU nerve transfer group, one patient experienced 
M0 muscle force, one patient showed M3, 16 patients 
regained M4, and six patients had M5. Thus, 23 out of 
the 24 patients (95.8%) regained functional motor recovery 
(Fig. 2). 

All of the patients were assessed by EMG–NCV after 
6 and 12 months. In these assessments, EMG–NCV tests 
showed that reinnervation occurred in 14 cases (93.3%) 

Fig. 1   Pre-op (a) and post-op (b)

Fig. 2   Pre-op (a) and post-op (b) clinical examination of a patient with upper brachial plexus injury undergoing mFCU nerve transfer
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undergoing ICN–MCN transfer. Reinnervation was found 
in 23 cases (95.8%) with mFCU nerve transfer. However, 
no significant difference in reinnervation was seen between 
the mFCU nerve and ICN–MCN transfers (P = 0.6; 95% 
CI = 0.9–28.4).

A significant difference in biceps muscle force was 
found between the patients undergoing mFCU nerve 
(95.83%) and ICN–MCN (66.66%) transfers (P = 0.02; 95% 
CI = 1.1–111.5). Table 1 illustrates mechanism of injury and 
outcomes in the two nerve transfer groups.

Discussions

In the present study, we found that there was a more accept-
able muscle force recovery by mFCU nerve transfer, com-
pared to that in ICN–MCN transfer. The successful out-
comes of mFCU procedure, compared to  those in ICN 
transfer, are due to the close proximity of the stump of part 
of the ulnar nerve and the biceps branch of the MCN. In ICN 
transfer, the distance between the site of neurorrhaphy and 
target muscle is not comaprable with that in mFCU proce-
dure, which offers a better recovery in the  mFCU procedure. 
Moreover, there was no significant improvement in the rein-
nervation produced by the two nerve transfers. The two tech-
niques were not found to produce significantly different rein-
nervation in our patients. However, reinnervation by itself is 
not a determining parameter of muscular strength, inasmuch 
as we found that it did not exert a considerable effect on 
elbow flexion recovery using the two surgical techniques.

Ulnar nerve (partial or FCU branch) transfer for restora-
tion of elbow flexion is commonly used. We used mFCU 
nerve transfer in 24 patients of which 23 cases (95.83%) 
achieved functional recovery in elbow flexion. In addition, 
6 cases (25%) recovered M5 muscle force. Teboul et al. [21] 
evaluated 32 patients with FCU of ulnar nerve to biceps 
branch of MCN (Oberlin procedure) and reported that 94% 
of the cases had ≥ M3 without significant donor morbidity.

In a study by Kakinoki et al. [9], 16 patients with BPI 
with  partial ulnar nerve transfer in eight patients and 
ICN transfer in eight patients for restoration of elbow flex-
ion function were studied. The necessary times to achieve 
M1 and M3 in elbow flexion were significantly shorter in the 
partial ulnar nerve transfer than in the ICN transfer (P = 0.04 
for M1 and P = 0.002 for M3). Nevertheless, no significant 

difference was seen in the time obtaining full elbow flex-
ion between the two groups. They reported no cases with 
M5 muscle force recovery. Kakinoki et al. [9] pointed out 
that their study weakness was a significant difference in the 
number of injured nerve roots between the nerve transfer 
groups. We used one mFCU nerve, while in a study con-
ducted by Oberlin et al. [15], one or two motor fasciles of 
ulnar nerve were used, but the final results of the two studies 
were almost similar (95.8% vs. 97%).

Coulet et al. [3] performed partial ulnar nerve transfer and 
ICN transfer in 23 and 17 patients, respectively; and for both 
techniques, the transfer to the MCN was undertaken. Biceps 
reinnervation appeared earlier in the ulnar nerve technique 
than in the ICN (P = 0.001). Ten patients regained functional 
elbow flexion muscle force (> M3) in the ICN transfer group, 
compared with 20 patients in the ulnar nerve transfer group.

We demonstrated that results of elbow flexion function 
recovery in ICN–MCN transfer technique were 66.66%. 
Nagano et al. [13] achieved functional elbow flexion by 
using ICN–MCN transfer technique in 71% of their patients. 
The authors carried out the largest series to date on 156 
patients and achieved a muscle strength of M3 and M4 in 66 
and 45 patients, respectively.

Merrell et al. [10] achieved functional recovery in 72% 
of patients with ICN–MCN transfer without interposition 
graft. The authors also showed that ICN–MCN transfer with 
interposition graft had less effective results (47%). Narakas 
and Hentz [14] reported that 15 of 30 patients achieved a 
functional motor strength after ICN–MCN transfer. Wagner 
et al. [24] followed up 85 patients undergoing ICN–MCN 
transfer for an average time of 2.8 years and reported that 46 
patients (54%) experienced functional elbow flexion (≥ M3); 
even so, 69 patients showed reinnervation on EMG at last 
follow-up.

We used three ICNs (3–5th or 4–6th ICN) in our surgical 
procedure with 66.66% success rate. Xiao et al. [25] argued 
that the nerve transfer was not influenced by the difference in 
the number of ICNs. And, two ICN transfers were mentioned 
to be sufficient for ICN–MCN transfer.

Chuang et  al. [2] evaluated 66 cases undergoing in 
ICN–MCN and reported that 44 cases (67%) experi-
enced ≥ M4. The authors recommended three ICNs due to a 
high number of axons and a more precise matching of MCN.

Our findings indicated that mFCU procedure had significant 
favorable results in elbow flexion function recovery, compared 

Table 1   Mechanism of injury 
and outcomes in the two nerve 
transfer groups

Type of nerve transfer Mechanism Functional muscle 
force (≥ M3)

Evidence of 
reinnerva-
tionFalling down Motor vehicle accident

mFCU 2 (8.4%) 22 (91.6%) 23 (95.83%) 23/24
ICN-MCN 1 (6.7%) 14 (93.3%) 10 (66.66%) 14/15
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with ICN–MCN; however, this was not in agreement with 
the results of the study of Kakinoki et al. [9]. In addition, the 
performance following Oberlin procedure was more optimal 
than the other techniques [15]. And, transferring fascicles from 
ulnar nerve was able to produce the best recovery of elbow 
flexion [8, 15, 19].

ICN consists mixed motor and sensory neuron; neverthe-
less, in mFCU procedure, the motor fascicles of ulnar nerve 
are used. Inasmuch as donor fascicles of ulnar nerve have more 
motor axons than the motor branch (main trunk) of the ICN, 
mFCU procedure shows a more favorable flexion strength in 
biceps muscle. The advantage of mFCU procedure over ICN 
transfer is the close proximity of the stump of part of the 
ulnar nerve and the biceps branch of the MCN. The distance 
between the site of neurorrhaphy and target muscle in ICN 
transfer is longer than in mFCU procedure, which causes a 
faster recovery in the latter. Central nervous system control is 
also a crucial parameter [17]. The role of plasticity in achiev-
ing excellent results in distal nerve transfers has been con-
firmed [4]. Reinnervation must occur within 1 year to restore 
even fifty percent of muscle function. The distance from neu-
rorrhaphy site to motor end plate of the biceps is normally 
about ten centimeters [18].

Conclusion

The mFCU technique offers reliable donor motor axons for 
transfer in BPI and reinnervates the biceps properly. However, 
reinnervation does not guarantee muscle strength. MFCU pro-
cedure, as compared to ICN transfer, is more likely to improve 
elbow flexion function.
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