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Aims
Improvements in the evaluation of outcome after nerve transfers are required. The 
assessment of force using the Medical Research Council (MRC) grades (0 to 5) is not suitable 
for this purpose. A ceiling effect is encountered within MRC grade 4/5 rendering this tool 
insensitive. Our aim was to show how the strength of flexion of the elbow could be 
assessed in patients who have undergone a re-innervation procedure using a continuous 
measurement scale.

Methods
A total of 26 patients, 23 men and three women, with a mean age of 37.3 years (16 to 66), at 
the time of presentation, attended for review from a cohort of 52 patients who had 
undergone surgery to restore flexion of the elbow after a brachial plexus injury and were 
included in this retrospective study. The mean follow-up after nerve transfer was 56 months 
(28 to 101, standard deviation (SD) 20.79). The strength of flexion of the elbow was 
measured in a standard outpatient environment with a static dynamometer.

Results
In total, 21 patients (81%) gained MRC grade 4 strength of flexion of the elbow. The mean 
force of flexion was 7.2 kgf (3 to 15.5, SD 3.3).

Conclusion
This study establishes that the dynamometer may be used for assessing the strength of 
flexion of the elbow in the outpatient department after nerve reconstructive surgery.

Cite this article: Bone Joint J 2016;98-B:1517–20.

Brachial plexus injuries are rare but severely
debilitating. Most patients with this injury are
young males involved in motorcycle acci-
dents.1 This results not only in disability and
psychological distress but also there are socio-
economic implications, as many are not able to
return to their previous level of activity.2 How-
ever, with increasing understanding of the
behaviour of nerves following injury, there
have been changes in the management of nerve
injuries from a policy of ‘wait and watch’ to
early intervention which has led to better out-
comes, in terms of function and quality of
life.3-10

Surgery such as nerve repair and/or transfer
provides the best chance of regaining the max-
imum use of the affected limb after brachial
plexus injuries6-10 and one of the aims of sur-
gery is to restore flexion of the elbow.8-12 In
1994 Oberlin et al8 described a technique of
nerve transfer to regain the strength of
the elbow which involved crosslinking the
ulnar nerve by redirecting one of its fascicles,

normally the one destined for the flexor mus-
cles of the wrist, to the distal end of the non-
functional musculocutaneous nerve, which
supplies the biceps muscle.8 This procedure has
been widely used, and modified, to restore
flexion of the elbow with encouraging
results.6,8-10,13-15 One of the modifications
involves a double transfer, where two donor
fascicles are taken and brachialis and biceps
muscles are innervated, but it has yet to be
shown, in a powered study, to give clear bene-
fits over the single transfer.13-15

Nerve transfers are one of a number of
methods used to restore movement by direct-
ing functioning nerves to re-grow into dam-
aged nerves. These transfers have passed
through a phase of evolution and the concept is
now accepted. The next objective is to improve
the assessment of outcome in these patients.
Initially it was acceptable to use the Medical
Research Council (MRC) grading system as an
outcome measure. MacAvoy and Green,16

however, have shown deficiencies of this
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grading system by demonstrating that this discrete categor-
ical scoring system obscures about 96% of the range of pos-
sible force within one score, namely MRC 4/5. In order to
demonstrate an improvement in outcome it is necessary to
adopt a continuous scale to measure the range of power
that has been created through the re-innervation procedure.
This can be done using a linear scale, where between any
two continuous data values there may be an infinite num-
ber of others, such as force which can be measured in kilo-
gram force (kgf) by a dynamometer.

The aim of this study was to describe the distribution of
the power that has been restored to flexion of the elbow
using a continuous measurement. This technique has been
shown in a laboratory setting to be a functional method of
examining the force of flexion of the elbow16 and it also
allows the relevant patients to be characterised.

Patients and Methods
The project was approved by our institution Project Evalu-
ation Review Process and Research Ethical Committee and
also received NHS ethical approval. A retrospective review
of the Peripheral Nerve Injury Unit’s prospectively main-
tained database was performed. Patients who underwent
nerve transfer to restore flexion of the elbow between May
2006 and May 2012, with a minimum follow-up of two
years, were included. There were 52 patients who had an
ulnar and/or median nerve fascicle transferred to the biceps
+/- brachialis muscle and 26 attended for review. All had
undergone an Oberlin procedure.17-19 This low rate of
follow-up is characteristic of studies involving trauma17-19

and reflects the national referral base of our unit, combined
with an unwillingness on the patient’s part to return after a
two-year period.

A dynamometer (model D60107MK1 Penny and Giles
Transducers, Christchurch, United Kingdom), which was
calibrated at our Biomechanical Institute, was used for meas-
uring the strength of the re-innervated biceps muscle quanti-
tatively. Patients were seated with the elbow flexed at 90°
and the forearm resting on a table. The cup of the dynamom-
eter was placed at a fixed point, 10 cm proximal to the distal
wrist crease and the examiner applied a force against the
patient. The readings, in kgf, were recorded in three different
positions; full supination, neutral and full pronation.

An independent observer (AKS) measured the force of
flexion of the elbow in the clinic. The measurements were
repeated twice and were then averaged, as the strength var-
ied in different positions of the forearm and sometimes
there was no active flexion in a particular position. The
strength of flexion was compared with that of the con-
tralateral elbow and expressed as a percentage.

The activity in the brachioradialis and triceps muscles
during flexion of the elbow was assessed by inspection and
palpation. The MRC grade of flexion at six, 12 and 24
months post-operatively was recorded from the notes.
Statistical analysis. This was performed using SPSS soft-
ware package (version 19; IBM, Chicago, Illinois). All con-

tinuous data were expressed as a median, mean and
standard deviation (SD). A two-tailed p-value was deter-
mined, with a level of statistical significance set at < 0.05.
The analysis also compared the outcome as a percentage of
the strength of flexion of the contralateral elbow.

Results
There were 23 male and three female patients. The mean
age at the time of referral, was 37.3 years (16 to 66). The
median time between injury and the Oberlin procedure was
18.7 weeks (one day to 64.1 weeks). There were 23 patients
who had a single and three who had a double transfer. The
decision to perform single or double transfers was made by
the surgeon. A total of 21 patients underwent quantitative
assessment for the strength of their re-innervated biceps
muscle as they had attained flexion of MRC grade 4 (the
ability to flex against resistance).

There were 15 patients with left-sided and 11 with right-
sided brachial plexus injuries. Of these, 12 were on the dom-
inant side and 14 on the non-dominant side. A total of 24
had sustained the injury in a road traffic incident, of whom
17 were riding a motorcycle. Another patient sustained an
injury playing rugby and one had an iatrogenic injury at the
time of an intrascalene block. A total of 17 patients had an
injury to the upper trunk (C5-C6) and seven had involve-
ment of both the upper and middle trunks (C5-C6-C7); the
remaining two patients had an infraclavicular injury to the
musculocutaneous nerve. Most patients also had other nerve
transfers and procedures, which were performed at the time
of the ulnar/median nerve transfer to the musculocutaneous
nerve. These procedures included 16 patients who had a
transfer of the spinal accessory nerve to the suprascapular
nerve, two who had transfer of an intercostal nerve to the
long head of triceps, two who had nerve grafting between the
C5 root and the anterior division of upper trunk, one who
had transfer of the spinal accessory nerve to the serratus
anterior muscle and the thoracodorsal nerve and one who
had an axillary artery repair with saphenous vein graft.

At a mean follow-up of 56 months (28 to 101) the mean
strength of flexion of the elbow was 7.2 kgf (3 to 15.5; SD

3.3). The strength was a mean of 34.7% (median 33%,
interquartile range 11.9% to 66.5%) compared with the
contralateral side. Figure 1 shows the values for the
strength of flexion of the elbow obtained for the group with
MRC grade 4. The variables followed a normal distribution
pattern and a Gaussian curve was obtained.

There were contractions in the brachioradialis muscle in
most (ten) patients during attempted flexion of the elbow;
this was greatly reduced when flexion was attempted in full
supination. Co-contraction of triceps was observed in two
patients. The strength of flexion gradually improved post-
operatively. Patients usually noted that a flickering move-
ment or movement with gravity was eliminated at six
months, movement against gravity or resistance at 12
months and movement against resistance to a potential
maximum strength by 24 months.
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We found that more than four out of five patients (21/26,
80%) undergoing nerve transfer, irrespective of the level of
their injury, gained MRC grade 4 strength of flexion, which
when compared with the contralateral side meant that they
had recovered a mean flexion power of 7.2 kgf (3 to 15.5;
SD 3.3). This equates to between one-eighth to two-thirds
increase in strength, and an average of up to one-third of
normal.

Discussion
In 1903 Harris and Low20 described the implantation of the
distal stump of an injured C5-C6, in an end-to-side fashion,
to the root of C6-C7. They discussed the technique but did
not provide the outcome. There were other early reports of
nerve transfer, but without sufficient follow-up.21-22 In
1963, Seddon23 reported the successful re-innervation (neu-
rotisation) of the biceps muscle with T3/T4 intercostal
nerves using a denervated ulnar nerve as a graft and at a one
year follow-up, the patient had regained some active flex-
ion of the elbow. In 1994, Oberlin et al8 described the use of
a healthy ulnar nerve fascicle to re-innervate the biceps
muscle, avoiding the need for a nerve graft. In 2004, Teboul
et al9 presented the results of 32 patients who underwent
this procedure and 20 (59%) had regained MRC grade 4
flexion of the elbow, with a median strength of 4 kgf (1 to
9) at a mean follow-up of 31 months (9 to 74). There have
been other series of nerve transfers with further modifica-
tions of renervating both the brachialis and biceps muscles
using a double transfer. In 2011, Carlsen et al13 compared
six single and 16 double nerve transfers patients in a bio-
mechanical laboratory set-up and found that the mean
regained strength of flexion of the elbow was 8.94 kgf
(SD 5.92) and 12.54 kgf (SD 11.76), respectively (all
patients were at least 12 months post-operative). This cor-
responded to 16% (SD 9%) and 21% (SD 18%) of the
strength on the contralateral side. Ray et al14 presented the

results of 29 patients who had undergone double nerve
transfers. A total of 23 recovered to a strength of MRC
grade 4 or more at a mean follow-up of 19 months (8 to
68), however, they did not quantify the range for MRC
grades. Martins et al15 described a prospective study com-
paring single versus double nerve transfer with 20 patients
in each group.15 They found that the mean strength of flex-
ion of the elbow gained in the single nerve transfer cohort
was 4.14 kgf (SD 3.27) and in the double nerve transfer was
5.6 kgf (SD 2.41) (in patients at a minimum of 12 months
post-operatively). This corresponds to 20% (SD 13%) and
25% (SD 10%) compared with the contralateral side.

In our study, of the 26 patients, 21 (81%) gained power
of MRC grade 4 which showed a mean strength of flexion
of the elbow of 7.2 kgf (SD 3.3). The mean percentage
strength of flexion of the elbow compared with the con-
tralateral side was 34.7% (SD 14.4%). There were six
patients in our study who underwent nerve transfer within
two weeks of their injury and they all achieved power of
MRC grade 4 two years post-operatively. The mean per-
centage strength of elbow flexion (36.36, SD 14.69) com-
pared with the contralateral side in these patients were
similar to the rest of cohort (34.09, SD 14.79). The two
tailed p-value equals 0.7537, (statistically not significant).

There are limitations to the study. First, the strength of
flexion of the elbow should ideally have been measured as
a torque because the force is applied across a moment
formed by the distance between the trans-epicondylar axis
of the elbow and the centre of gravity of the forearm, where
the resistance was applied. This would have meant the iden-
tification of a centre of gravity for each patient which
would have varied. Identifying a centre of gravity is only
possible in a biomechanical laboratory study and we set out
to demonstrate that this technique can be used in the clinic.
Also, assuming that the mid-point of the forearm was the
centre of gravity for measurements would have introduced
error. Hence, we elected to select, arbitrarily, a fixed point
of 10 cm proximal to the wrist crease, as our point for
application of force. Secondly, our study was not designed
to compare other issues of interest, such as the difference in
outcome between those who underwent surgery early or
late after injury or single versus double transfers. Thirdly,
as with any clinical assessment tool there are inter- and
intra-observer variations.24,25

We have shown how a continuous quantitative measure-
ment of regained elbow strength can be carried out in the
clinic. Using the dynamometer, we have avoided MRC
descriptive grading of 4-, 4+, 4++ which are neither vali-
dated nor sensitive measures. We found that the values
obtained during our assessment are similar to those
obtained under biomechanical laboratory conditions,
which supports the use of the dynamometer the clinic. As
the results have a normal distribution, it is now possible to
provide a range of the strength of flexion of the elbow
which might be expected to be regained following re-
innervation of biceps. This will enable a meaningful discus-
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Gaussian curve showing the distribution of Medical
Records Council grade 4 power in the patients at mean fol-
low-up of 56 months (28 to 101).



1520 T. J. QUICK, A. K. SINGH, M. FOX, M. SINISI, A. MACQUILLAN

THE BONE & JOINT JOURNAL

sion to take place with patients who have sustained a bra-
chial plexus injury, adding to the process of informed
consent.

We found that the distribution of the outcomes conforms
to the Gaussian curve. We were expecting to encounter a
log normal distribution consistent with a dose effect rela-
tionship, that is, we expected to encounter more patients
with a lesser power and the incidence of those with greater
power decreasing. We found a right shifted normal distri-
bution, suggesting that this is a normal population and thus
the reasons behind the generation of the power of flexion of
the elbow may not be related to the number of axons regen-
erating at the site of repair, but something that is intrinsic to
the muscle. The difference between the outcomes may
therefore not be purely procedural but may be intrinsic to
the muscle and to individual patient factors.

This study can also be used to stimulate further investi-
gations into the improvement of outcomes of degenerative
nerve injury. Recently, drugs such as ibuprofen26 and
methylcobalamin27 have been shown to improve recovery
and enhance regeneration of nerve injuries in murine mod-
els. The value of having a quantitative assessment of the
strength which has been regained in such situations will be
immense, especially when this research is translated to
humans.

It is important to find methods to assess factors that
patients find confuse their recovery, such as fatigue, tremor,
lack of proprioception and co-contraction. There are also
challenges due to the heterogeneity of patients with nerve
injuries and their outcome. For example individual variation,
age, the nature of the injury, the distance from the nerve
transfer to the target organ, the time since injury, co-morbid-
ities and gender. These can all be studied by using continuous
quantitative measurements of outcome from muscle re-
innervation, giving patients an appreciation of their recovery
and also playing a key role in future research in this area.

Take home message: 
This study empowers patients with information of a gain in

elbow strength in quantitative terms, giving them an insight

into their future functional recovery.

Supplementary material
A table showing a summary of injury pattern and
outcome following Oberlin procedure can be found

alongside the online version of this paper at http://
www.bjj.boneandjoint.org.uk
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