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Abstract Background: Nerve transfers have demonstrated
encouraging outcomes in peripheral nerve reconstructions
compared with the conventional direct repair or grafting.
Questions/Purposes: We aimed to identify whether the pa-
tient’s demographics, delay to surgery, degree of loss of grip
and pinch strengths, mechanism of injury, and compliance to
hand therapy have an impact on the functional outcome of
motor nerve transfers in patients with paralytic hand.
Methods: Fifty-five patients with a mean age of 31.05 (18–
48) years with complete isolated high injuries of radial,
ulnar, and median nerves, who underwent motor nerve
transfers, were reviewed. The outcome was assessed using
the Medical Research Council (MRC) scale and measurement
of grip and pinch strengths of the hand at minimum 1-year
follow-up (mean of 14.4 (12–18) months). Patient’s age and
gender, delay to surgery, body mass index (BMI), degree of
loss of grip and pinch strengths, educational level, occupation,
mechanism of injury, and compliance to hand therapy were
analyzed to determine their impact on the extent of recovery of
hand function. Results: Forty of fifty five (72.73%) patients
regained useful functional recovery (M3–M4) with satisfacto-
ry grip hand functions. Worse motor recovery was observed in
older ages, delayed surgical intervention, higher BMI, and
greater postoperative loss of grip and pinch strengths in com-
parison to the healthy opposite hand. Better outcomes are

significantly associated with higher educational level and
postoperative compliance to hand therapy. Contrarily, there
was no significant association between gender, occupation,
mechanism of injury, and achievement of useful functional
recovery. Conclusions: Successful nerve transfers are expect-
ed with experienced skilled surgeons. However, outstanding
outcomes are not the standard, with about one fourth failing to
achieve M3 grade. The educational level, hand dominance,
compliance to hand therapy, loss of grip and pinch strengths,
age, injury-surgery interval, and BMI are possible predictors
of patients’ outcome.
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Introduction

Historically, it is believed that the first nerve transfer was
performed in the nineteenth century for brachial plexus
avulsion injuries with poor results [15]. Credit is then given
to Lurje, 1948, [14] who proposed transferring nearby un-
damaged nerves to the injured ones when direct repair was
not conceivable. Advances in interfascicular grafting were
subsequently popularized by Millesi in 1973 [17]. Unfortu-
nately, poor results were reported because of the long regen-
eration distance particularly in the proximal injuries.
Eventually, the suboptimal recovery of nerve grafting to-
gether with improved knowledge of intraneural topography
inspired the subsequent resurgence of nerve transfers in
early 1990s as they would offer earlier reinnervation,
detouring the scarring in the zone of injury, and consequent-
ly minimizing atrophy of the target end organs [13].

Traditionally, the use of nerve transfers were restricted to
brachial plexus avulsion injuries [5]. Because disruption of
motor control of the hand makes it difficult to perform
essential finger movements resulting loss of grip and pinch
strengths [12], nerve transfers are increasingly used for these
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more distal injuries. Recently, promising results in limited
case series have been reported [11, 20, 21].

Numerous factors contribute to patient’s outcome after
nerve transfer such as the delay of surgery, patient’s age, and
body mass index (BMI) [13]. Although the technical skills
and strategies of the surgeon can have great influence, they
have been proposed as hypothetical variables that could
envisage outcomes after nerve transfers without solid evi-
dence [21]. As yet, no study, to the best of our knowledge,
has correlated all the purported variables with the functional
outcomes after nerve transfer.

Accordingly, we aimed to assess (1) regain of motor
power of individual muscles, (2) return of pinch and grip
strengths, (3) percentage of hands that achieved functional
recovery, and (4) the influence of patients’ demographics,
time since injury, degree of postoperative loss of grip, and
pinch strengths compared to the other healthy hand, mech-
anism of injury, and compliance to hand therapy on return of
functional outcome following motor nerve transfers in com-
plete isolated high injuries of median, ulnar, or radial nerves.

Patients and Methods

The study was carried out retrospectively for a case series of
nerve transfers undertaken by a single surgeon between January
2010 and February 2014 in one specialized hand center after
being approved by the institutional research board (IRB). A
minimum 12-month postoperative follow-up interval for each
patient was planned. Fifty-five patients were included in the
study after fulfilling our inclusion/exclusion criteria. Inclusion
criteria were both genders, patients aged 16 or more, complete
isolated radial, ulnar or median nerve injuries (neurotmesis)
above mid-forearm, and delayed presentation of more than
6 months following injury, without established medical contra-
indications to surgery. Patients were excluded if they had partial
injuries, brachial plexus palsies, injuries that are expected to
recover spontaneously (neuropraxia and axonotmesis), or
established chronic illnesses affecting nerve healing or patients’
compliance (neuropathies, dementia, and mental retardation).

A chart review was performed of 55 injured nerves in 55
patients (34 males and 21 females). Patients mean age was
31.05 (18–48) years. Twenty-one patients were diagnosed
with complete isolated high injury of the radial nerve.
Twenty-two patients had ulnar, and 12 had median nerve
lesions. All were treated with motor nerve transfers. We
report a mean follow-up of 14.4 (12–18) months. Penetrat-
ing injuries with knife or glass (27 patients—49.09%), mo-
tor car accidents (6 patients—10.9%), firearm injury (6
patients—10.9%), iatrogenic (6 patients—10.9%), and
fracture-induced laceration injuries (5 patients—9.09%)
were the mechanisms of nerve injury.

All patients were evaluated in a systematic standardized
fashion including preoperative clinical and physical evalua-
tion, muscle testing of involved extremity and contralateral
extremity using the Medical Research Council Grading Sys-
tem (MRC), electromyography, and nerve conduction stud-
ies. Preoperatively, all patients were found to have 0° range
of motion (ROM) and M0–M1 grades on MRC scale. All

nerve conduction studies were performed at least 3 months
after the initial injury, to assess for evidence of reinnervation
and for documentation of the injuries prior to surgery. Pa-
tients, who had motor unit potentials, were not offered
surgery, and continued conservative management was
pursued.

Surgical Technique

Using direct end to end microsurgical coaptation, the flexor
carpi radialis/Palmaris longus (FCR/PL) and flexor
digitorum superficialis (FDS) branches of median nerve
were transferred to the posterior interosseous nerve (PIN)
and extensor carpi radialis brevis (ECRB) branch of radial
nerve respectively in 21 injured radial nerves to restore
finger, thumb, and wrist extension [2]. In the 22 patients
presented with ulnar nerve injuries, the distal anterior
interosseous nerve (AIN) was transferred to the deep branch
of ulnar nerve to restore intrinsic hand function and thumb
adduction [20]. The ECRB branch of radial nerve and flexor
carpi ulnaris (FCU) branch of ulnar nerve were transferred to
the AIN and pronator teres branches of median nerve re-
spectively in 12 injured median nerves to restore finger and
thumb flexion as well as forearm pronation [11]. All proce-
dures were performed by the first author (AS) using standard
microsuturing technique utilizing an operating microscope
with 9-0 nylon suture and utilizing a distal-based donor
stump and proximally based recipient stump to ensure a
tension-free repair. Repairs were performed with four
epineural interrupted sutures.

The same postoperative protocol, as per the standard
postoperative guidelines in our unit, was applied in all
patients. Following surgery, all dressings were removed
and all surgical wounds were reviewed by the third postop-
erative day. All patients commenced immediate ROM exer-
cises for the uninvolved joints. The repair sites were
protected from extreme ROM using splints for approximate-
ly 3 weeks. Stretching exercises were commenced at the
3 weeks’ time point. Moreover, electrical stimulation was
initiated after 6 weeks. Nerve conduction velocity and elec-
tromyography were carried out to recognize signs of axonal
regeneration. Focused motor reeducation was integrated in
all physical therapy sessions, while all patients are given
directed home exercises to promote the development of the
new motor pathway for the recipient muscle.

The outcome was evaluated by either AS or ME (both
are experienced, certified hand surgeons) using the MRC
scale [6] and measurement of grip and pinch strengths (in
kg) by Jamar Hydraulic Hand Dynamometer and JAMAR
Hydraulic Pinch Gauge (Saehan Corporation, Masan, South
Korea), respectively, at minimum 1 year post surgery. Useful
functional recovery included those with both good (M4) and
satisfactory (M3) functions. These grades reflect a motor
power that enabled the patients to perform independently
activities of daily living (ADL) and recommence the
preinjury employment within 1 year following surgery. The
Health Assessment Questionnaire (HAQ) was applied to
assess the dependence/independence while performing
ADL. BAnother person’s help^ and/or Bunable to do^ were
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assigned to dependence, while all other alternatives were
assigned to independence [7, 8].

We have included various factors that might affect the
functional outcome of motor nerve transfer. These subsumed
age, gender, BMI, interval between injury and surgery, loss
of grip/pinch strength, hand dominance, educational level,
occupation (manual and non-manual workers), and compli-
ance to hand therapy (defined as being compliant to the
standard hand therapy program for a minimum of 3 months;
a yes or no response). The postoperative loss of grip and
pinch strengths was calculated by dividing the postoperative
grip and pinch strength of the paralytic hand to those of the
opposite healthy hand and then multiplied by 100. We have
classified the educational level into experience (illiterate,
read and write, primary and preparatory school), average
(secondary and high schools), and university (university
and higher degrees) levels. Regarding patients’ occupations,
these were grouped by reliance on manual dexterity. Non-
manual workers included skilled craftsmen using dexterity
without heavy manual labor and those with light clerical
occupations, while manual workers included laborers doing
heavy work.

Statistical Analysis

A number of variables were measured on a continuous scale,
and these were found to be normally distributed. Descriptive
statistics were summarized with frequencies or means
±standard deviations. Logistic regression analysis was ap-
plied for categorical data and linear regression analysis for
continuous data. Odds ratios were calculated for all categor-
ical predictors examined. Student t test was used to compare
between preoperative and postoperative findings. A p value
<0.05 is considered to be statistically significant. All
p values were two-tailed.

Results

Two patients (3.64%) with radial nerve injury developed
tourniquet-induced numbness in the hand that was recovered
spontaneously at 2 and 3 weeks postoperatively. Four patients
(7.27%, one with radial nerve injury, two with ulnar nerve injury,
and one with median nerve injury) developed postoperative
superficial wound infection. The infection was mild and treated
successfully only with intravenous antibiotics for 10 days. None
of them required second surgery for eradication of infection. In
this study, we have not encountered any clinical evidence of
donor nerve-associated weakness among the study population.

The functional MRC scale of individual muscles signif-
icantly improved among the study population. Sixteen pa-
tients (76.2%) with radial nerve injuries regained M3 and
M4 grades of wrist (10/21, 6/21), fingers and thumb exten-
sors, and APL (11/21, 5/21), respectively. Sixteen patients
(72.7%) with ulnar nerve injuries restored M3 and M4
grades of adductor pollicis and hand intrinsics (112/22,
4/22). M3 (6/12) and M4 (2/12) grades of finger and thumb
flexors as well as forearm pronators were restored in eight
patients (66.7%) with median nerve injuries.

Furthermore, a significant return of grip and pinch
strengths was also achieved among the study population.
Meangrip, tip pinch, palmar pinch, and key pinch strengths
were significantly improved from 14±2.3, 6.8±0.7, 6.9±0.7,
and 7±0.7 kg preoperatively to 33.5±10.9, 7.6±0.8, 7.7±0.8,
and 7.7±0.9 kg, respectively postoperatively in patients with
radial nerve injury (p<0.001). Similarly, a significant im-
provement is observed in mean grip, tip pinch, palmar pinch,
and key pinch strengths from 14.1±2.4, 8.3±0.8, 8.4±0.7,
and 8.3±0.7 kg to 31.6±10.5, 9.1±0.9, 9.1±0.9, and 9.1
±0.8 kg, respectively, in patients with ulnar nerve injury
(p<0.001) and from 23.9±1.7, 4.9±0.9, 5±1, and 4.9
±0.8 kg to 35.6±9.3, 6.5±1.6, 6.6±1.5, and 6.5±1.6 kg, re-
spectively, in patients with median nerve injury (p<0.01).
After adjusting for age, sex, and hand dominance, means for
grip and pinch strengths loss were significantly lower
(p<0.001) for patients who regained useful functional recov-
ery compared to those who could not (Table 1).

The majority of patients regained useful functional re-
covery of the hand. Of patients with radial, ulnar, and
median nerve injuries, 76.2% (16/21), 72.7% (16/22), and
66.7% (8/12), respectively, had regained useful functional
recovery. Dominance of the hand, level of education, and
compliance to hand therapy were positively associated with
useful functional recovery (p<0.001, p<0.001, and =0.004,
respectively). The success rate in patients with average and
university level was 84.2% (32/38) which was significantly
better than in those with experience level (47.1%, 8/17). The
success rate in patients with affected dominant hand (69.2%;
27/39) was significantly lower than in those with affected
non-dominant hand (81.3%; 13/16). Of compliant patients to
hand therapy, 89.5% (34/38) regained better useful recovery
and resumed the preinjury work, compared with much lower
success rate (35.3%; 6/17) in those who were non-compli-
ant. Odds ratios for the predictors for useful functional
recovery among the study subjects are summarized in
Table 2.

Table 1 Adjusted* means of grip and pinch strength loss for the useful
and non-useful functional recovery population

Mean of strength loss Functional recovery p Value (t test)

Useful Non-useful

Radial nerve
Grip strength 37±2.2 71.5±23.2 <0.001
Tip pinch 38±2.4 77.5±13.9 <0.001
Palmar pinch 38±2.1 77.6±14.1 <0.001
Key pinch 38±2.6 77.4±13.9 <0.001

Ulnar nerve
Grip strength 36.7±2.6 67.9±21.4 <0.001
Tip pinch 37.2±2.2 65.9±20.1 <0.001
Palmar pinch 36.9±2.4 66.9±21.2 <0.001
Key pinch 37±2.1 65.9±18.4 <0.001

Median nerve
Grip strength 49.9±4.6 82.7±8.8 <0.001
Tip pinch 44.4±3.4 81.7±8.7 <0.001
Palmar pinch 43.6±3.8 80.7±8.6 <0.001
Key pinch 44.7±4.2 82.2±8.7 <0.001

*Adjusted means for age, sex, and hand dominance
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Our results revealed that the strength of radial, ulnar, or
median innervated muscles correlated with the age of the
patients (Fig. 1). There was a significant downward trend in
the motor grade with increasing age. The success rate in
patients 35 years or younger was 87.5% (17/40) which was
significantly better than in patients older than 35 years
(12.5%; 5/40, p<0.001). Similarly, long intervals between
injury and surgery tended to be a disadvantage in obtaining
good or satisfactory results (Fig. 2). The success rate in
patients operated 6–10 months after injury was 82.5% (33/
40) which was significantly better than those operated after
10 months (17.5%; 7/40, p<0.001). Finally, BMI significant-
ly correlated with useful functional recovery. There was a
downward trend in the motor grade with increasing BMI
(Fig. 3). Contrarily, there was no statistically significant
relationship between gender (p>0.05); type of occupation
(p>0.05); and mechanism of injury (p>0.05), and useful
functional recovery.

Discussion

The current study demonstrates that nerve transfers provide
an efficient option in managing peripheral nerve injuries. We
have illustrated a downward motor recovery in older ages,
delayed surgical intervention, higher BMIs, and greater loss
of grip and pinch strengths (p<0.001). Our findings imply
that better outcomes are significantly associated with higher
educational level and postoperative compliance to hand
therapy (p<0.01). Contrarily, there is no significant associa-
tion between gender, occupation, mechanism of injury, and
useful functional recovery (p>0.05). Among these factors,
the delay from injury to surgery is the only factor that can be
controlled, to some extent, by the surgeon [4]. While com-
pliance to hand therapy and weight reduction are controlled
by the patient himself.

This study has some limitations. A minimum of
12 months’ follow-up might not be sufficient to evaluate
long-term recovery. However, the restoration of motor func-
tion, if it happens, would be achieved in 1-year time post-
operatively. Although this study was retrospective, the
results provide information for three different types of fore-
arm nerve injury. Another limitation is that a comparative
control group of isolated nerve injuries treated with interpo-
sition grafting was not available. Also, some would argue

that, despite the wide acceptance of the MRC grading, it is
still a subjective measure. However, an objective measure-
ment of grip and pinch strengths was used in reviewing
patients’ data for more precise evaluation of outcome. An-
other strength of our study is the fact that we had 100%
follow-up in a prospective study and that it was a single
surgeon study.

The importance of grip and pinch strength loss as a
predictive factor was comparable with earlier studies [22].
This supports opinion in literature that grip and tip pinch
strength measurements are important and reliable factors for
capability to work [9].

A significant correlation was found between older age
and poor outcome. Similarly, Karol et al. elucidated an

Table 2 Predictors for useful functional recovery

Predictor OR 95% CI p Value

Affected dominant hand 0.167 0.09–0.31 <0.001
Compliance to hand therapy 15.58 3.71–65.53 <0.001
Educational level 0.167 0.05–0.61 0.004
Occupation 1.56 0.45–5.35 0.09
Gender 2.37 0.71–7.97 0.16
Age 0.01 0.00–0.02 <0.001
Injury-surgery interval 0.06 0.03–0.08 <0.001
BMI 0.05 0.03–0.08 <0.001

BMI body mass index
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inverse correlation between patients’ age and outcome [10].
This might be either lower repair capacity or greater preop-
erative damage [18]. Contrastively, Venkatramani et al. [23]
suggested that the patient’s age should not be a criterion for
denying treating, and good results are also expected as they
achieved good results in two patients in early 50s after nerve
transfer.

Similarly, a better prognosis was reported in this study
with intervals between 6 and 10 months. In the case of
proximal injury or long nerve gaps, there might be insuffi-
cient time for regenerating axons to reach the target motor
endplates before they become permanently atrophied [19].
Fortunately, a nerve transfer essentially converts a high
proximal injury to a low one. A distal nerve transfer within
centimeters of the neuromuscular junction will still have the
potential for successful reinnervation even if performed late
(8–10 months) after the injury [16].

The current study finds a significant correlation between
higher educational levels and favorable outcome. This could
be explained by the assumption that patients with higher
educational levels are more compliant to hand therapy. A
standard hand therapy program was applied and essentially
focused on ROM, muscle strength, and motor reeducation.
Therefore, it might be concluded that retraining programs
also have a positive influence encouraging successful useful
recovery and resumption to occupation. This is in agreement
with Bruyns et al. [3] who reported the educational level and
compliance to hand therapy as predictors for return to work.

The BMI was identified in this study as a significant
factor affecting the outcome. Higher BMIs were significant-
ly associated with worse outcomes. This finding was con-
firmed by Lee et al. [13] who explained that patients with
higher BMIs have poor physical fitness. Moreover, it was
suggested that obesity may negatively affect peripheral
nerve regeneration [1].

The hand dominance was thought to be an important
factor affecting outcome after nerve reconstruction. This

was confirmed by our results as a significantly better success
rate was found among those with affected non-dominant
hand. The dominant hand is frequently affected by nerve
injury which could be an obstacle against ability to return to
work [12].

The mechanism or type of injury had no correlation in
our series with the functional recovery. This would be ex-
pected and actually considered an advantage of nerve trans-
fers as we already operated in a new healthy area bypassing
the zone of injury. Similarly, gender and occupation had no
influence on the outcome. Despite the insignificant correla-
tion between occupation and outcome in our results, other
authors had concluded a worse prognosis in manual workers
[3, 12]. Our result could be attributed to firstly, the wide
spectrum of the non-manual workers group and the small
size of the manual workers group represented, secondly, to
the fact that we did not announce for those who changed
their occupation after recovery as they were included among
those who did not regain the preinjury employment.

Moreover, we did not include other variables including
ethnicity, onset of workers’ compensation, and pending lit-
igation, which may influence the final outcome after this
type of surgery. Other factors, which are not included in
analysis, are patient medical comorbidities and American
Society of Anaesthesiologists (ASA) scores that might affect
outcome.

Finally, although this is a single center study, our hand
unit is a tertiary unit serving a population of more than five
million people. We serve a broad spectrum of social and
ethnic groups and believe that our data is relevant to the
wider community. More research should be conducted to
identify the predictors and moderators for functional out-
come after nerve transfers.

We recommend a cautious prognosis when considering
nerve transfer in the older age groups, obese patients, and in
delayed presentations of more than 10 months as well as
dominant hand affection. Our findings suggest that the edu-
cation levels and lower degrees of grip and pinch strengths
loss significantly associated with good outcomes. We found
no association between gender, occupation, and mechanism
of injury with useful functional recovery.
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