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Closed humeral fracture is the most common cause 
of radial nerve paralysis in adults.7 Indications for 
nerve repair are based on the absence of functional 

and electrophysiological recovery by the 3rd to 4th month 
postinjury.11 However, spontaneous recovery, which occurs 
in 70% of patients, can start as late as 7 months after the 
accident.27,29 Given that only spontaneous recovery can 

provide restoration of normal function, interventions on 
the radial nerve, such as nerve grafting or nerve transfers, 
should be evaluated very carefully. On the other hand, de-
lays of more than 5 months can result in poor outcomes 
with nerve grafting.25 This being said, the case is not the 
same for distal nerve transfers, which can provide ad-
equate results for wrist extension restoration even 10–18 
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OBJECTIVE The authors describe the anatomy of the motor branches of the pronator teres (PT) as it relates to trans-
ferring the nerve of the extensor carpi radialis brevis (ECRB) to restore wrist extension in patients with radial nerve 
paralysis. They describe their anatomical cadaveric findings and report the results of their nerve transfer technique in 
several patients followed for at least 24 months postoperatively.
METHODS The authors dissected both upper limbs of 16 fresh cadavers. In 6 patients undergoing nerve surgery on the 
elbow, they dissected the branches of the median nerve and confirmed their identity by electrical stimulation. Of these 
6 patients, 5 had had a radial nerve injury lasting 7–12 months, underwent transfer of the distal PT motor branch to the 
ECRB, and were followed for at least 24 months.
RESULTS The PT was innervated by two branches: a proximal branch, arising at a distance between 0 and 40 mm dis-
tal to the medial epicondyle, responsible for PT superficial head innervation, and a distal motor branch, emerging from 
the anterior side of the median nerve at a distance between 25 and 60 mm distal to the medial epicondyle. The distal 
motor branch of the PT traveled approximately 30 mm along the anterior side of the median nerve; just before the medi-
an nerve passed between the PT heads, it bifurcated to innervate the deep head and distal part of the superficial head of 
the PT. In 30% of the cadaver limbs, the proximal and distal PT branches converged into a single trunk distal to the me-
dial epicondyle, while they converged into a single branch proximal to it in 70% of the limbs. The proximal and distal mo-
tor branches of the PT and the nerve to the ECRB had an average of 646, 599, and 457 myelinated fibers, respectively.
All patients recovered full range of wrist flexion-extension, grade M4 strength on the British Medical Research Council 
scale. Grasp strength recovery achieved almost 50% of the strength of the contralateral side. All patients could maintain 
their wrist in extension while performing grasp measurements.
CONCLUSIONS The distal PT motor branch is suitable for reinnervation of the ECRB in radial nerve paralysis, for as 
long as 7–12 months postinjury.
https://thejns.org/doi/abs/10.3171/2019.10.JNS192110
KEYWORDS radial nerve repair; nerve grafting; radial nerve paralysis; nerve transfer; posterior interosseous nerve; 
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months after injury.3,11 We believe that 6 months without 
signs of recovery is the minimal delay before surgical in-
tervention. Considering this long wait-and-see interval, 
we have increased the use of distal nerve transfers in our 
practice for radial nerve repair.

For radial nerve paralysis, wrist extension restoration 
is crucial.20 A few donors for nerve transfer to treat wrist 
extension paralysis have been described. Ray and Mac-
kinnon26 connected motor branches of the flexor digito-
rum superficialis to the motor branch of the extensor carpi 
radialis brevis (ECRB). García-López et al.13 transferred 
a branch of the pronator teres (PT) to the extensor carpi 

radialis longus motor branch, while Bertelli et al.4 trans-
ferred the distal anterior interosseous nerve to the ECRB 
motor branch. In the majority of cases, two motor branch-
es innervate the PT.18 These branches have been indistinct-
ly used as donors for radial13,23 and lower-type injuries of 
the brachial plexus17,38 or as recipients after median nerve 
injury.36 Even though some anatomical studies pertaining 
to nerve transfer surgery for radial nerve restoration have 
been published,8,35,37 the course and disposition of the PT 
branches and histomorphometric analysis are lacking. We 
propose transferring the most distal motor branch of the 
PT to the ECRB for restoration of wrist extension for ra-
dial nerve paralysis. We report here our anatomical and 
histomorphometric findings and clinical results.

Methods
In advance of any data collection, the local ethics com-

mittee of the University of the South of Santa Catarina 
(Unisul) approved the protocol of the present study. Pa-
tients provided written informed consent prior to their 
participation. Our primary goal was to describe the anato-
my of the PT motor branches as a means to use the distal 
branch (distal PT [DPT]) as a donor for transfer to the 
ECRB motor branch. Our secondary goal was to evaluate 
the effectiveness of transferring the DPT motor branch to 
the ECRB motor branch in terms of restoring wrist exten-
sion in cases of radial nerve paralysis (Fig. 1). For the clin-
ical study, we used purposeful sampling, which included 
patients whose radial nerve lesions were a minimum of 6 
and a maximum of 12 months old, operated on between 
January 2016 and May 2017 by the senior author (J.A.B.) 
(Table 1).

Anatomical Studies
We studied both forearms of 16 fresh cadavers. We dis-

sected the median nerve at the antecubital fossa and its 
branches to the PT. We identified the origin of the motor 
branches of the PT in relation to the medial epicondyle. 
We counted the number of motor branches and observed 
to which head of the PT they provided innervation. For 
each motor branch, we documented its site of origin on 
the median nerve. Using a ruler, we measured the follow-
ing: the distance of the motor branch origin on the median 
nerve to the medial epicondyle; the branch length from its 
origin to the muscle entrance; and the branch diameter. 

FIG. 1. A and B: Schematic representations of the surgical technique. 
Copyright Jayme Augusto Bertelli. Published with permission. Figure is 
available in color online only.

TABLE 1. Summary of data in patients with radial nerve injury

Patient 
No.

Age (yrs), 
Sex, Side Cause

Nerve 
Injury

Preop–Postop 
Interval (mos) Wrist ROM

Grasping Strength Wrist Flexion in Max 
Grasping StrengthPre Post Normal

1 23, F, rt Humeral fracture Radial 9–24 Complete 4.5 8 16 No
2 27, M, rt Humeral fracture Radial 12–24 Complete 6 18 40 No
3 48, M, lt Humeral fracture Radial 7–29 Complete 4 21 41 No
4 23, F, rt Humeral fracture Radial 7–24 Complete 2 10 20 No
5 31, M, lt Infraclavicular gunshot Radial 7–24 Complete 7 13 35 No
6 25, M, rt Humeral fracture Radial 7 ? 3 ?

ROM = range of motion; ? = not known, patient lost to follow-up.
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We dissected the PT muscle, including both its superficial 
and deep heads, and investigated the relationships of the 
two heads to the median nerve and adjacent structures.

Samples of the proximal and distal branches of the PT, 
together with samples of the ECRB motor branch, were 
removed, fixed in 70% alcohol, embedded in a paraffin 
section, transversely sectioned, and stained with H & E. 
Photographs were taken under a microscope, and myelin-
ated fibers were counted manually. All dissections were 
videotaped.

Patients
Two sets of patients were involved in our study. In the 

first set of patients, we were interested in studying the anat-
omy of the branches of the median nerve after dissection 
and electrical stimulation. This group included 18 patients 
with radial nerve or posterior cord paralysis (n = 9), brachi-
al plexus paralysis (n = 3), tetraplegia (n = 4), and anterior 
elbow release (n = 2). The second set of patients—those 
who had a radial nerve injury (n = 6)—then underwent 
transfer of the DPT motor branch to the nerve to the ECRB 
for wrist extension restoration, and the motor branch of the 
FCR to the posterior interosseous nerve (PIN) for finger 
and thumb extension restoration; they were followed for at 
least 24 months. All patients with a humeral fracture were 
victims of high-energy trauma following a motorcycle ac-
cident. All underwent open reduction and internal fixation 
of the humeral fracture. In all, radial nerve paralysis was 
observed before surgical plating. All patients had at least 
one electrodiagnostic test around 6 months postoperatively 
indicating a lack of nerve recovery. Details of the study 
population are summarized in Table 1.

Surgery
Patients were operated on while supine under general 

anesthesia without muscle relaxants. Surgery was per-
formed via an oblique incision on the antecubital fossa. 
After skin and subcutaneous division, we divided the lac-
ertus fibrosus to expose the median nerve. We located the 
proximal and distal branches of the PT, together with the 
anterior interosseous nerve and FCR motor branches. We 
dissected the radial nerve and individualized the PIN and 
the ECRB motor branch. We then sectioned the DPT and 
sutured it to the ECRB. The nerve to the FCR was divided 
and transferred to the PIN to restore thumb and finger ex-
tension (Fig. 1 and Video 1).

VIDEO 1. Intraoperative view of transferring the DPT motor branch 
to the nerve to the ECRB for wrist extension restoration, and the 
motor branch of the FCR to the PIN for thumb and finger extension 
restoration in a patient with radial nerve paralysis. Copyright Jayme 
Augusto Bertelli. Published with permission. Click here to view.

Postoperative Care and Evaluation
After surgery, patients’ treated arms were maintained 

in a soft dressing for 10 days. Patients received no specific 
physiotherapy training but were encouraged to use the af-
fected hand in daily activities.

Patients were followed up regularly and had a final 
evaluation at a minimum of 24 months after surgery. For 
the evaluation of wrist extension restoration, we mea-

sured the range of wrist extension using the Goniometer 
Pro iPhone app. If active range of motion was the same 
as passive range of motion, we deemed that range of mo-
tion was complete. We scored the recovery of wrist exten-
sion strength using the British Medical Research Coun-
cil (BMRC) scale. Preoperatively and postoperatively, 
we measured grasp strength with a Jamar dynamometer 
(Baseline Hydraulic Hand Dynamometer; Fabrication 
Enterprises Inc.) with the patient’s hand set in position 2. 
For this, the forearm was at 30° of supination while the 
wrist was in self-selected degrees of extension. Patients 
were instructed to pressure the dynamometer maximally 
while the examiner verbally encouraged them. The maxi-
mum grasp strength was recorded when, under the forces 
of finger flexion, the wrist flexed. The recorded value was 
the maximum one obtained after a set of 3 measurements.

Statistical Analysis
All values are reported as means (SD). Intergroup dif-

ferences were considered statistically significant when p < 
0.05. After surgery, the magnitude of grasp strength im-
provement was evaluated by calculating Cohen’s d value, 
where 0.2–0.39 indicated a small effect, 0.4–0.79 a mod-
erate effect, and ≥ 0.8 a large effect.21

Results
Anatomical Findings
Cadavers

The PT was innervated by two main motor branches 
arising independently from the median nerve distal to the 
medial epicondyle in 23 specimens of the 32 dissections 
(Fig. 2). There was one proximal (proximal PT [PPT]) 
and one distal (DPT) branch. The PPT originated from 

FIG. 2. Anatomical dissection of the right antecubital fossa in a cadaver 
intraarterially injected with green latex. Note the biceps tendon (B), 
the proximal branch of the PT, the motor branch of the FCR, the radial 
superficial nerve (RS), the PIN, and the median nerve (MN). The ECRB 
and the DPT motor branch are tagged by yellow vessel loops. Inset 
shows the area on the arm where the dissection takes place. Figure is 
available in color online only.
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the anterior or medial surface of the median nerve at the 
medial epicondyle (n = 4) or distally to it (n = 22) at a 
mean distance of 15 mm (SD 14 mm; range 0–40 mm). 
Its mean diameter was 1.4 mm (SD 0.4 mm; range 0.9–2 
mm), and its mean length was 27 mm (SD 8 mm; range 
16–43 mm). The trajectory of the PPT motor branch was 
obliquely downward to innervate the superficial head of 
the PT. The PPT motor branch had an average of 646 my-
elinated fibers (SD 249 myelinated fibers; range 326–1224 
myelinated fibers). In 2 dissections, we noted the FCR mo-
tor branch arising from the PPT branch.

The DPT motor branch arose from the anterior sur-
face of the median nerve, running downward along the 
top of the median nerve for 30–40 mm (Fig. 2). Its origin 
was, on average, 38 mm (SD 11 mm; range 25–60 mm) 
distal to the medial epicondyle. Just before the median 
nerve pierced the PT, the DPT motor branch trifurcated, 
sending two branches to the superficial head and one to 
the deep head of the PT (Fig. 3). In cases in which the 
DPT’s termination was bifurcated, there was one branch 
to the superficial and one to the deep head of the PT. The 
branch’s mean diameter was 1.3 mm (SD 0.4 mm; range 
0.9–2 mm), and its mean length was 38 mm (SD 15 mm; 
range 20–75 mm). In 4 specimens, the FCR motor branch 
stemmed from the DPT. In 1 specimen, a flexor digitorum 
superficialis branch arose from the DPT. The DPT had, on 

average, 599 myelinated fibers (SD 150 myelinated fibers; 
range 320–778 myelinated fibers), whereas the ECRB av-
eraged 457 myelinated fibers (SD 174 myelinated fibers; 
range 218–835 myelinated fibers). Histomorphometric 
data are summarized in Table 2.

When the DPT and PPT branches were neurolized 
proximally, we observed convergence of these branches 
to form a single trunk, 40–55 mm proximal to the medial 
epicondyle (Fig. 4). In 7 dissections, this convergence oc-
curred 0–40 mm distal to the medial epicondyle. This was 
the case where a single branch stemmed from the median 
nerve distal to the medial epicondyle. However, this single 
branch always divided into a proximal and distal branch 
in such a way that in no dissection was there a single point 
of innervation of the PT (Video 2).

VIDEO 2. Cadaveric dissection of the PT motor branch. Copyright 
Jayme Augusto Bertelli. Published with permission. Click here to 
view.
In no case was the median nerve superficial to the PT. 

In all our dissections, the median nerve passed between 
the two heads of the PT, if both heads were present. We 
observed the absence of the deep head of the PT in 1 case 
and hypoplasia in 5 other dissections.

Patients
In 15 of the 18 patients, we recognized both a proximal 

and a distal branch to the PT. In 2 patients, we observed 
one trunk that, after a short trajectory, sent a proximal 
branch to the PT and continued as the DPT motor branch 
(Fig. 5). In 1 patient with tetraplegia, we could not find the 
PPT branch.

Clinical Outcomes
One of the 6 patients in whom there was a radial 

nerve injury was lost to follow-up. The remaining 5 pa-
tients recovered active wrist extension against resistance, 
with complete range of motion that was grade M4 on the 
BMRC scale. Postoperatively, we observed a marked in-
crease in grasp strength (Cohen’s d of 2.5). In all cases, we 
observed that patients could maintain their wrist in an ex-
tended position associated with maximum grasp strength. 
Grasp strength recovery was roughly 50% of the strength 
seen on the normal side (Table 1). Pronation strength was 
preserved in all patients.

Discussion
In 70% of our 54 dissections, we identified two motor 

branches to the PT, similar to previous reports.8,15,18 When 
proximally dissected above the elbow, these two branch-

FIG. 3. Intraoperative view of the termination of the DPT motor branch 
into the superficial (SHPT) and deep (DHPT) heads of the PT, median 
nerve (MD), anterior interosseous nerve (AIN), and FCR motor branch. 
Figure is available in color online only.

TABLE 2. Histomorphometric data for the PT motor branches

Motor Branch
Distance From the Origin to the 

Medial Epicondyle, mm Length, mm Diameter, mm No. of Myelinated Fibers

PPT 14 (0–40) 27 (16–43) 1.4 (0.9–2) 646 (326–1224)
DPT 38 (25–60) 38 (20–75) 1.3 (0.9–2) 599 (360–778)

Values are presented as the mean (range of variation).
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es converged into a single trunk, in agreement with the 
findings of Gunther et al.14 In contrast, Chantelot et al.10 
and Basanagouda and Halagatti1 identified only a single 
branch to the PT in more than 65% of their dissections. 
We believe that variations between our findings and those 
of others1,10,15—concerning the number, length, and origin 
of nerve branches—were a direct result of the anatomi-
cal dissection itself. Most of the other studies used em-
balmed cadavers, which are difficult to dissect.1,6,10,15,35 We 
used fresh cadavers and in vivo dissection, followed by 
electrical stimulation, which we believe is more precise. 
Gunther et al.14 observed that gross dissection findings of 
PT branches were different than those of their own ex-
tended microdissections. What is important, however, is 
that at least one proximal and one distal motor entry point 
existed regularly in the PT,19,38 allowing one branch to be 
harvested for transfer without complete PT denervation.

The PPT is the first branch of the median nerve at the 
elbow. It arises from the medial or posterior side of the 
median nerve, is short, and has a downward trajectory to 
enter the superficial head of the PT. Several investigators 
share this description of the PT’s proximal or superior 
branch.14,32 In contrast, the description of the DPT motor 
branch is varied and imprecise.34 It has been reported as 
originating from the posterior surface of the median nerve 
within a common trunk to the muscle of the superficial 
layer of the forearm.24,34 This is in contrast with our find-
ings. We regularly identified the DPT motor branch aris-
ing independently from the anterior or medial side of the 
median nerve, traveling on its anterior surface and bifur-
cating to the superficial and deep heads of the PT, just 
before crossing it.

We observed the absence of the deep head of the PT 
in 1 among our 32 cadaveric dissections. Caetano et al.9 
observed the lack of the deep PT head in 14 of 100 dis-
sections, while Jamieson and Anson16 noted its absence 

in 26 of 300 observations. When both PT heads were 
present, the median nerve passed between them in all our 
observations, as well as in the dissections of Caetano et 
al.9 Conversely, Jamieson and Anson16 noted the median 
nerve passing under the two heads of the PT in 18 cases 
and piercing the superficial head in 6 cases among 300 
dissections. Of importance, as with ours, Caetano et al.’s9 
and Jamieson and Anson’s16 findings included the median 
nerve never running superficial to the PT. Caetano et al.9 
observed hypoplasia of the deep head of the PT in 21 of 
100 dissections, while we observed it in 5 of 32 cadav-
eric dissections. In this situation, we observed that a single 
branch at the origin of the median nerve distal to the el-
bow joint innervated the PT; however, it entered the PT at 
different points.

In our study, the number of myelinated fibers in the 
proximal and distal PT motor branch was similar. In con-
trast, Tung and Mackinnon36 found an average of 476 fi-
bers versus 933 for the proximal and distal PT branches, 
respectively. Sukegawa et al.31 reported an average of 548 
myelinated fibers in the ECRB motor branch, while we 
counted an average of 457. From our results, we conclude 
that both PT branches can be used to reinnervate the 
ECRB motor branch, with no difference in the average 
number of myelinated fibers. However, our preference is 
to use the DPT motor branch because it is closer to our 
targets, and it is longer after neurolysis, which facilitates 
surgery. It is important intraoperatively, however, to iden-
tify branches of the FCR that can arise from the DPT. In 
cases in which only a single branch to the PT emerges 
from the median nerve, harvesting remains possible. This 
single branch always provides a motor branch to the proxi-
mal portion of the PT. Nerve sectioning for transfer should 
be distal to this first branch.

We consider our nerve transfer successful in 4 ways: 
1) it restored full active range of motion in wrist exten-
sion; 2) wrist extension was grade M4 on the BMRC scale 
for manual muscle testing; 3) it improved grasp strength; 
and 4) it preserved wrist extension during maximal grasp 
strength measurement. Measurements of grasp strength 
are influenced by wrist extension strength.30,33 During 

FIG. 4. Fresh cadaver dissection of the right antecubital fossa showing 
the DPT and PPT motor branches. Arrowheads indicate the termination 
of the DPT motor branch into the superficial and deep heads of the PT. 
When proximally dissected, both PT branches converged into a single 
anterior trunk (arrow). This conversion occurred in 7 of our 32 speci-
mens below the elbow. Internal neurolysis could transform a double 
branch into a single trunk. MD = median nerve. Figure is available in 
color online only.

FIG. 5. Intraoperative photographs of 2 cases in which a single nerve 
stemmed from the median nerve (MD) below the elbow. Note that, in 
both dissections, a PPT and DPT can be individualized. Division of the 
DPT at its entrance into the PT preserves the PPT motor branch. Figure 
is available in color online only.
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grasping, if recovered wrist extension strength is weak, the 
strong finger flexor will drive the wrist into flexion and 
power is lost. Regarding the BMRC scale, our outcomes 
compare favorably with previous reports.4,13,26 That being 
said, grasp strength is difficult to compare with previous 
studies, because these other authors have failed to indicate 
the wrist position at which grasp strength was measured 
and if, during measurement, the wrist flexed. In all our 
patients, we observed a baseline value of grasp strength 
different from grade 0. This probably reflects the capac-
ity of using gravity, following some degrees of supination, 
to balance dynamometer position, thereby inhibiting im-
mediate wrist flexion while beginning to press on the dy-
namometer. If grasp strength was measured in wrist flex-
ion, the antagonistic strength of wrist extensors would be 
missed. In a wrist-flexed position, grasp strength reached 
an average of 40% of normal,5 which would be a confound-
ing factor in our evaluation of successful nerve transfers. 
After surgery, all our patients could have their maximal 
grasp strength recorded without concomitant wrist flexion. 
In our series, we observed no failures of wrist extension 
recovery. Even patients operated on 12 months after their 
injury had good results, comparable to those of patients 
operated on earlier. Our 3 patients who underwent sur-
gery 7 months postinjury recovered an average of 46% of 
their grasp strength relative to the normal hand, whereas 
those operated on later achieved 45%. All of our patients 
underwent a preoperative electrophysiological evaluation 
that indicated a lack of nerve recovery. However, we be-
lieve that electrophysiological studies are of limited value 
as a screening mechanism for spontaneous recovery. For 
instance, Bumbasirević et al.7 observed that, after surgi-
cal exploration, 8 of 14 patients with radial nerve paralysis 
who exhibited no electromyography evidence of recovery 
4 months after injury ultimately progressed to exhibit a 
full recovery despite the absence of nerve repair. Con-
versely, Dolan and Giele12 reported 2 patients with nerve 
interruption in whom preoperative neurophysiological 
studies indicated nerve continuity. One must also bear in 
mind that early electrophysiological signs of muscle rein-
nervation do not necessarily correlate with ultimate full 
clinical recovery.28 Other than radiographical control for 
fracture healing, no imaging studies were requested for our 
patients to evaluate radial nerve continuity, mostly because 
of the long delay between the injury and when the patient 
presented. High-resolution ultrasonography could be of 
use in identifying radial nerve transection. However, ra-
dial nerve transection following a humeral fracture is quite 
rare. Yörükoğlu et al.39 discovered radial nerve transection 
in only 1 among 24 patients with radial nerve paralysis fol-
lowing a humeral fracture. We recommend waiting at least 
6 months before undertaking a nerve transfer. We operated 
on our patients later because of their late presentation. We 
even consider nerve transfers 12 months postinjury. We 
have abandoned radial nerve grafting as the sole treatment 
in cases of high-energy trauma with humeral fracture or 
with lesions proximal to the humerus. In both situations, 
the results of grafting have been disappointing.2,22,27

The limitations of our study are related to the small 
number of patients we operated on and the patients being 
evaluated by the same surgeon who performed the surgery. 

Although some bias could exist, we believe that it is more 
than compensated for by the large effect size we observed 
when comparing the pre- and postoperative evaluations.

Conclusions
We believe that the DPT is useful for transfer for wrist 

extension restoration in radial nerve paralysis, having an 
adequate number of myelinated fibers available to rein-
nervate the ECRB. Our results also suggest that nerve 
transfers for wrist extension restoration are useful for long-
standing paralysis up to 12 months.
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