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ABSTRACT
Context: Nerve transfer surgery is an option for repair of penetrating injuries of the upper extremity. In the right setting, it has
advantages over tendon transfers and nerve grafting.
Objective: To review our experience since 2006 of nerve transfer
surgery in the upper extremities.
Design: We included cases performed to repair penetrating
trauma within three months of injury with at least three years’
follow-up.
Main Outcome Measures: Preoperative and postoperative
muscle strength of the affected extremity.
Results: All 16 patients were males aged 16 to 43 years. Six patients underwent nerve transfer surgery because of elbow flexion;
5, finger extension; 3, finger flexion; and 2, wrist pronation. Nine
patients (56%) had associated vascular injury, and 4 (25%) had
fractures. Average follow-up was 6 years. No perioperative complications occurred. Patients had a mean of 3.7 operations after the
initial trauma. All patients received physical therapy. All patients
improved from 0 of 5 muscle strength preoperatively to a mean
of 3.8 (range = 2/5 to 5/5) within 1 year after surgery. In all cases,
strength was maintained, and 8 (50%) had continued improvement
after Year 1. Ten (63%) returned to their previous employment level.
Mean Disabilities of the Arm, Shoulder and Hand score improved
from 68 to 83 postoperatively.
Conclusion: Nerve transfer is a safe, effective technique for
correcting penetrating trauma-related nerve injury. In appropriate
patients it offers advantages over other techniques. Outcomes can
be maintained long term, and many patients can return to their
previous level of function.

INTRODUCTION
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In traumatic peripheral nerve injury of the upper extremity,
clinical outcomes with typical techniques, including tendon
transfer and nerve grafting, are inconsistent and prone to suboptimal outcomes.1,2 Zone of injury, concomitant injuries, donor
site morbidity, and need for staged procedures can all affect the
outcome. Major drawbacks of the current treatment strategies
can include delayed reinnervation for high injuries requiring
nerve grafts, donor morbidity for tendon transfers and autologous nerve grafts, and prolonged reliance on trained therapists
for good outcomes.
Nerve transfer surgery involves taking nerve branches from a
neighboring nerve and redirecting them to the distal end of the
injured nerve. Functioning branches close to the recipient nonfunctioning nerve are ideal donors as long as the donor nerve

function is redundant or less critical. The body then regenerates
axons along the new path, and the motor cortex subsequently
rewires itself to relearn muscle functions. This technique provides
a nearby source of nerve for faster recovery because the healing
and regeneration is occurring closer to the target site along the
course of the recipient nerve.
Nerve transfer surgery has the potential to address many of
the weaknesses of other surgical options. This study outlines our
experience and results with nerve transfer surgery for repair of
upper extremity penetrating nerve injuries.

METHODS

After institutional review board approval, a retrospective review was performed of all patients admitted to a Level I urban
trauma center with penetrating injury to the upper extremities
from January 2004 to December 2011 undergoing nerve transfer
for repair of nerve injury. Inclusion criteria included penetrating
injury to the upper extremities with subsequent sensorimotor
deficit secondary to nerve injury, operative intervention within
three months of initial presentation, and follow-up of at least
three years after the initial operation.
Abstracted patient variables included age, sex, indication for
surgery, the presence of associated vascular or osseous injury,
follow-up duration, number of operations, and any perioperative complications. Primary outcome included preoperative and
postoperative muscle strength of the extremity using the Oxford
Scale.3 Secondary outcomes included the Disabilities of the Arm,
Shoulder and Hand (DASH) score and surgical complications.
The DASH score is an outcome measure that is scored in 2
components: The disability/symptom section (scored 1-5) and
the optional high performance Sport/Music or Work section
(scored 1-5).4,5

RESULTS

During the study period, 16 patients underwent nerve transfer for repair of penetrating upper extremity injury. The patients
identified were all males, with a mean age of 27 years (range =
16-43 years). Of the 16 cases of nerve transfer, 6 were caused by
loss of elbow flexion, 5 were for loss of finger extension, 3 were
caused by loss of finger flexion, and the remaining 2 for loss of
wrist pronation. Associated vascular injury was encountered in 9
patients, and 4 patients had an associated osseous injury (Table 1).
The mean follow-up was 6 years, and the median number of surgeries required was 4 (range = 2-5). No perioperative complications were encountered.
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Muscle strength of the affected extremity was checked preoperatively. All patients had 0 of 5 strength for the function
in question, with 0 indicating no contraction and 5 indicating
movement against gravity with full resistance (normal power).
Muscle strength was reassessed at 6 weeks, 3 months, 6 months,
and then annually. The median postoperative muscle strength at
1 year after surgery was 4/5, with a range of 2/5 to 5/5 (p < 0.05).
All patients were followed for at least 3 years. Fifty percent of
patients (8/16) maintained the same level of strength at 3 years
that they had at the 1-year mark. The other 50% experienced improvement of their strength level from Year 1 to Year 3. No patient
had deterioration in strength level after the first year (Table 2),
and 10 of the 16 patients were able to return to their previous
level of employment. When the DASH score was calculated
for each patient preoperatively and postoperatively, a significant
increase postoperatively was noted (score of 68 preoperatively vs
83 postoperatively, p < 0.05 respectively, Table 2).
Table 3 depicts the type of operation performed for every
patient depending on his functional loss. The Modified British
Medical Research Council Classification for muscle strength was
documented preoperatively as well as at 3 years postoperatively.

DISCUSSION

In terms of traumatic sequelae of a penetrating injury to the
extremities, nerve injury is of particular importance. Unlike with
many other injuries, timely, good surgical technique is not the
only predictor of outcome. Direct nerve repair of a proximal
nerve injury can take months or years to produce good results.
The disability can become permanent. Surgeons have developed
ancillary procedures designed to correct the deficit by using other
functioning neuromuscular or neurosensory units. The growing
list of techniques includes nerve grafting (via autologous grafts,
allogeneic grafts, or synthetic conduits), tendon transfer, nerve
transfer, joint fusion, and adaptive splinting. Nerve transfer is a
newer concept that involves redirecting a nerve segment from
a neighboring noncritical or redundant branching nerve to the
distal edge of the injured nerve (Figure 1).
Nerve grafting is employed to bridge gaps when primary repair of a transected nerve cannot be performed without tension
or scarring. Even with excellent technique, the nerve regeneration length is unchanged and the biology of nerve regeneration
(1 mm/d) remains the rate-limiting step.6 The number of axons
that make it to the end organ is always reduced.7 Grafting also
means 2 coaptations and successful healing at both sites. The
outcome is a decrease in the quantity and eventual quality of the
neuromotor unit by the time the regeneration is complete. During
nerve grafting, the entire donor nerve domain, usually sensory,
is lost. Nerve conduits and allografts decrease donor site impact
but have not been shown to improve the clinical outcomes over
nerve grafting.8-10
Many surgeons treating patients with nerve injuries prefer
tendon transfers. For adept surgeons, the results are predictable.
In most cases, tendon transfers are irreversible. They require the
sacrifice of a neuromuscular unit; alteration of biomechanics,
which can result in secondary trauma remote from the original
injury; and the need for therapy and retraining.11,12 Because of the
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Table 1. Demographic and clinical characteristics (N = 16)
Characteristic
Sex, male
Age range, y
Indication for surgery
Elbow flexion
Finger extension
Finger flexion
Wrist pronation
Associated vascular injury
Associated fracture
Mean follow-up, y
No. of operations, mean (range)
Perioperative complications

Number
16
16-43
6
5
3
2
9
4
6
3.6 (2-5)
0

Table 2. Outcomes of nerve transfer surgery
Outcome
Muscle strength of affected muscle groupa
Preoperatively
Postoperatively, mean (range)
Strength level change more than 1 y after follow-up
Stable
Improvement
Deterioration
Return to previous level of employment
Mean DASH score
Preoperatively
Postoperatively

Number
0/5
3.8/5 (2/5-5/5)
8/16
8/16
0/16
10/16
68
83

Using the Oxford Shoulder Score.
DASH = Disabilities of the Arm, Shoulder and Hand.
a

Figure 1. Surgical technique for nerve transfer (Illustration by Kelly Rosso, MD).
Ulnar nerve to anterior interosseous nerve branch of median nerve in an end-to-end
fashion.

rerouting required for tendon transfer, there is almost universally
a drop-off in strength and mobility after transfer.12
Nerve transfer may be superior to nerve grafting because the
surgical field during transfer is generally away from the site of
injury, using healthy, recognizable tissues, instead of crushed or
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scarred tissue found at the site of injury. Despite recent improvements and use of grafts, nerve grafting continues to have a poor
prognosis.13 It is for this reason that the focus of nerve repair
has shifted toward the technique of nerve transfer. Results of
the present study show that nerve transfer can achieve higher
functional results and more predictable outcomes over those
typically obtained with nerve grafting.
Compared with tendon transfer, nerve transfer has been shown
to have several advantages. Nerve transfers are performed outside
the zone of the original injury using healthy, recognizable tissues,
instead of crushed or scarred nerve tissue. Nerve transfer allows
reinnervation of native muscle and preservation of the natural
anatomy. This is beneficial, because it does not alter the biomechanics, which can decrease range of motion, restrict muscle or
tendon gliding, or cause secondary trauma such as adhesions
or tendon rupture. Additionally, tendon transfer may require
extensive dissection, and precluding this dissection with nerve
transfer may lead to less donor site morbidity. Nerve transfers
occur closer to the motor endplate, resulting in shorter interval to reanimation and less loss of functional motor units.14 In
theory, this can improve detailed nerve function, including fine
and gross motor function, as well as sensation. Details of current practices in nerve transfer for sensation are outlined in an
article by Boyd et al.15
Nerve transfers do have some disadvantages. The clinical results
of a nerve transfer, unlike tendon transfer, do take months to
materialize. Tendon transfers allow one to see the results of the
surgery within weeks. Nerve transfer is a technically demanding
surgery. Poor outcomes may not manifest for a while and may
delay any discussion and plan for further surgery and intervention. Patient morbidity and expenses are extended. There is a risk
with nerve surgery of unintended damage to the donor nerve.

Although it was not seen in our study, donor nerve injury can be
irreversible. There are also technical limitations to nerve transfer
surgery. For now, safe and effective surgery should be guided by
tenets outlined elsewhere.16
Nerve transfer has not yet become the standard treatment
of penetrating injuries to the upper extremities. Initially nerve
transfer was used for repair of severe brachial plexus injuries;
now indications have expanded to include distal nerve deficits
of the upper extremity as well. More evidence on nerve transfer
is needed to develop a treatment algorithm.
Outcomes for reconstruction after peripheral nerve injures
are difficult to interpret for several reasons, including lack of
standardization, varying degrees of injury per patient, and lack
of consensus on surgical approach. However, there is increasing
interest in nerve transfer to treat injuries. Because nerve transfer
is relatively new, many series have a limited number of patients,
but more results continue to be published. The present study uses
a large cohort and reports favorable outcomes, with more than
50% of the patients returning to their previous level of employment. Furthermore, nerve transfer in our study was shown not to
be associated with any morbidity, making it a safe choice when
penetrating upper extremity injuries are encountered. A very
important point of this study is the fact that even after 1 year of
follow-up, some patients continued to improve. Follow-up of at
least 3 years was required to see this improvement. Our numbers,
however, are not large enough to make any conclusions regarding predictors of late improvement. Also notable is that 63% of
patients returned to work. Delayed completion of reconstruction
is a strong predictor of not returning to work. Nerve transfers
in this cohort were timely and appropriate so patients were able
to remain motivated. The improvement in DASH score is also a
strong predictor of patient-based outcome.

Table 3. Patients’ operation and outcomes
Patient
1
2
3
4
5

Loss of function
Elbow flexion
Elbow flexion
Elbow flexion
Elbow flexion
Elbow flexion

6
7
8
9
10
11
12
13
14
15
16

Elbow flexion
Finger extension
Finger extension
Finger extension
Finger extension
Finger extension
Finger flexion
Finger flexion
Finger flexion
Wrist pronation
Wrist pronation

Operation
Ulnar nerve to musculocutaneous nerve (Oberlin)
Ulnar nerve to musculocutaneous nerve (Oberlin)
Ulnar nerve to musculocutaneous nerve (Oberlin)
Ulnar nerve to musculocutaneous nerve (Oberlin)
Oberlin plus median nerve to brachialis branch of
musculocutaneous nerve
Ulnar nerve to musculocutaneous nerve (Oberlin)
FDS branch of median nerve to PIN
FDS branch of median nerve to PIN
FDS branch of median nerve to PIN
FDS branch of median nerve to PIN
FDS branch of median nerve to PIN
AIN to motor branch of thenar muscles
AIN to motor branch of thenar muscles
Motor branch of ECRB to AIN
Motor branch of ECRB to AIN
Motor branch of ECRB to AIN

Pre-MBMRC
Classification
M1
M1
M2
M1
M1

Post-MBMRC
Classification (at 3 y)
M4
M4
M5
M4
M4

M2
M1
M0
M1
M1
M1
M2
M2
M1
M1
M1

M5
M4
M4
M5
M5
M4
M4
M4
M4
M3
M4

AIN = anterior interosseous nerve; ECRB = extensor carpi radialis brevis; FDS = flexor digitorum superficialis; MBMRC = Modified British Medical Research
Council; Oberlin = Oberlin procedure; PIN = posterior interosseous nerve.
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Limitations of this study include its retrospective nature. We
also excluded six patients who did not complete at least three
years’ follow-up.

CONCLUSION

Nerve transfer has the potential to address many of the limitations associated with other treatment options used for high penetrating trauma of the upper extremity. In our study, we present
16 cases that further demonstrate that nerve transfers can be done
in a systematic manner to obtain consistently strong functional
outcomes. Furthermore, we show that clinical improvement
continues in some patients for up to 3 years. v
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All Nerves
In all nerves there are both faculties, by which I mean
the faculty of perception and the faculty of motion.
— Galen of Pergamon, 130 AD – 210 AD, prominent Greek physician,
surgeon, and philosopher in the Roman Empire
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