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Abstract We aimed to make Wrst demonstration of the
course and branching pattern of deep branch of the radial
nerve (DBRN) in relation to the supinator muscle in the
forearms of fetuses and make morphological measurements
in both fetuses and adults. We carried out dissection on 80
radial nerves from 20 adult cadavers (16 males and 4
females), ranging from 30 to 56 years old and 20 formalin-
Wxed, spontaneously aborted fetuses (10 males and 10
females) without detectable malformations, ranging from
20 to 37 weeks of gestation. There were three diVerent
branching patterns of the DBRN in fetuses. It divided its
terminal branches at entrance of the supinator in 2 (5%),
after entry of the supinator in 4 (10%) and after the supina-
tor in 34 (85%) forearms. The course was bilaterally same
in fetuses. Dividing pattern at the entrance of the supinator
was not seen in adults. Only 4 (10%) were seen at after
entering to the supinator and 36 (90%) were seen at after
the supinator. We saw in fetuses neither Wbrous band deep
from the extensor carpi radialis longus nor upper border of
the supinator. We assume that these Wbrous structures
appear after birth, perhaps favored by physical exercise,
such as repeated pronation–supination movements. We
think that it is one of the reasons why DBRN compression

has never been reported in children. This is the Wrst fetal
study about the course and branching pattern of the DBRN
and there is a constant ratio (mean 4.3) between the mea-
surements of the fetuses and adults.
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Introduction

Radial nerve entrapment syndromes in the forearm,
accounting for approximately 0.7% of nontraumatic upper
extremity lesions [15], are less common conditions com-
pared with median and ulnar nerve entrapment syndromes.
If true frequencies could be measured, deep branch of the
radial nerve (DBRN), also known as posterior interosseous
nerve (PIN), is probably the most common of these. PIN is
often used in the literature instead of DBRN, despite it cor-
responds only to the distal part of DBRN. This confusion
comes from an abuse of language. It enters the radial tunnel
after leaving from the radial nerve and could be related with
two entrapment syndromes, radial tunnel syndrome (RTS)
and posterior interosseous nerve syndrome (PINS).

Radial tunnel is deWned as a space created by structures
surrounding the radial nerve and DBRN that expands
through the proximal forearm over a 5 cm starting at the
humeroradial joint and past proximal edge of the supinator
muscle [23]. The anterior capsule of the humeroradial joint
together with the deep layer of the supinator muscle form
the Xoor of the tunnel; the Wbrous adherences between
brachialis and brachioradialis muscles in front of the radial
head, the medial edge of extensor carpi radialis brevis mus-
cle (ECRB), and the superWcial layer of the supinator mus-
cle form the roof of the tunnel; brachioradialis and extensor
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carpi radialis longus (ECRL) muscles constitute the antero-
lateral wall; and the medial wall includes the tendon of
biceps resting on brachialis muscle [21].

There is no clear distinction in the literature between two
syndromes because of the same clinical Wndings such as
pain in the forearm and marked weakness of extensors of
Wngers or wrist. The hallmark of RTS is pain over radial
proximal forearm with little or no motor weakness. Con-
trary to this, PINS shows loss of motor function or even
complete palsy of one or more muscle innervated by the
DBRN. Patients with the PINS may have pain but this is
not the main symptom [7].

Many authors studied DBRN to identify the causes of
the compression at the proximal forearm in adults. Cravens
and Kline [3] reported the incidence of PINS was 19% in
their study containing 170 patients with radial nerve disor-
ders. Kalb et al. [8] also reported PINS incidence was less
than 10% in 111 patients with problems related to the radial
nerve in the proximal forearm. Vrieling et al. [27] reported
that in 25% of patients PINS is caused by a trauma, in 15%
the syndrome is iatrogenic, and in the remaining 60%, the
disorder develops spontaneously. The ‘spontaneous’ PINS
is most frequently caused by an entrapment at the level of
the arcade of Frohse, the part where the nerve enters the
supinator muscle [3, 6, 27]. In addition to the arcade of Fro-
hse there are some rare compression sites including adhe-
sions between the brachialis and brachioradialis muscles,
the edge of the ECRB [28], Wbrous bands associated with
the supinator muscle, a capsula-tendon-aponeurosis group
located on the anterior aspect of both the humeroradial joint
and the radial head, and lateral branches of the recurrent
radial artery termed the “leash of Henry” [2, 4, 21]. It is
most likely caused by a combination of anatomical anoma-
lies and combined with repetitive pronation–supination
movements of the forearm [8, 24, 27].

The aim of the study was to make Wrst demonstration of
the course of the deep branch of the radial nerve in fetus
elbow and its branching pattern according to the supinator
muscle and make morphological measurements in both
fetuses and adults for comparison.

Materials and methods

We studied 40 radial nerves from 20 formalin-Wxed, spon-
taneously aborted fetuses (10 males and 10 females) with-
out detectable malformations, ranging from 20 to 37 weeks
of gestation (10 of 20 fetuses older than 30 weeks of gesta-
tion). The fetuses were obtained from the pathology depart-
ment and dissected at anatomy department of Gulhane
Military Medical Academy.

We carried out dissection on 40 upper extremity from 20
formalin-Wxed adult cadavers (16 males and 4 females),

ranging from 30 to 56 years old (average 43). The cadavers
were dissected at the anatomy departments of Gulhane
Military Medical Academy, Hacettepe and Istanbul Univer-
sity School of Medicine.

We used Carl–Zeiss OPMI1-FR surgical microscope for
the dissections. Using a longitudinal approach, the radial
nerve was found in the groove between the brachialis and
brachioradialis muscles. The DBRN was followed after it
left the radial nerve. After removal of the brachioradialis,
ECRL and ECRB muscles, supinator muscle was exposed
and cut obliquely to observe the course and branching pat-
tern of the DBRN to its terminal branches. We observed
branching pattern of the DBRN to its terminal branches
according to the relationship with the supinator muscle and
measured following distances by a digital caliper for com-
paring them with the previous studies; D1: the length of
the radial nerve from the point of piercing the lateral inter-
muscular septum to the humeroradial joint line, D2: the
length of DBRN from the point of branching from the
radial nerve to the humeroradial joint line, D3: the length
of the DBRN from humeroradial joint line to the superior
edge of the supinator muscle, D4: the length of the DBRN
from humeroradial joint line to the inferior edge of the
supinator muscle, D5: entire length of the radius from
humeroradial joint line to the radial styloid process. Sche-
matic illustration of the measured distances is seen in
Fig. 1. We also calculated the ratio between each of the
adult and fetal measurements. We used only values of 10
fetuses, older than 30 weeks of gestation for measurements
and calculations.

Our methods of data analysis included using an SPSS
program for descriptive statistical analysis and an indepen-
dent t test, which was statistically signiWcant at P < 0.05.

Results

In fetuses, superWcial branch of the radial nerve was
observed in its normal course at the forearm. DBRN gave a
branch to the extensor carpi radialis brevis muscle before
entering the arcade of Frohse and continued below the supi-
nator muscle. There were also two minor motor branches to
the supinator muscle, a medial and a lateral, branching from
DBRN originating above the supinator muscle. There were
three diVerent branching patterns of the DBRN to its termi-
nal branches in fetuses. DBRN divided into its terminal
branches proximally to the superior edge of the supinator in
2 (5%) forearms, after entering into the supinator in 4
(10%) forearms (Fig. 2) and distal to the inferior edge of
the supinator in 34 (85%) forearms. The course was bilater-
ally same in all fetuses.

Terminal muscular branching pattern in adults, which
includes all the muscles on the radial side and dorsal
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surface of the forearm, excepting the Anconæus,
Brachioradialis, ECRL, ECRB and Supinator, proxi-
mally to the superior edge of the supinator was not seen.
Only 4 (10%), 2 left and 2 rights, were seen at after
entering into the supinator and 36 (90%) were seen at
distal to the inferior edge of the supinator (Fig. 3).

Measurement data acquired from both fetuses and adults
are given in Table 1. There was no signiWcant statistical
diVerence in any of the measurements between right and
left sides of both adults and fetuses (P < 0.05). There was a
nearly constant ratio mean 4.30 (minimum 4.18 and maxi-
mum 4.47) between each of the adult and fetal measure-
ments in both right and left sides. The ratios which belong
to the each measurement are seen Table 2.

Discussion

Although many anatomical and clinical studies have been
carried out on the DBRN in adults, there are no data avail-
able on the course of the DBRN in fetuses.

Historically, the most important study was designed by
Roles and Maudsley [22] with 36 cases and they identiWed
all aspect of RTS especially apparent diagrammatic repre-
sentation of anatomical structures in radial tunnel. They

found three major factors causing compression intraopera-
tively; Wrst the nerve and its branches were often bound
down by adhesions to the tissues overlying the radial head,
second the origin of ECRB extended in some cases more
medially than is usually described to form a point of possi-
ble constriction and third the superWcial layer of the supina-
tor with its Wbrous edge appeared almost always to
compress the PIN.

Rath et al. [20] investigated DBRN relation with the
supinator muscle in three segments: segment I, from its ori-
gin to its entry into the supinator muscle; segment II, corre-
sponding to its passage through the supinator muscle; and
segment III, extending from its exit from the supinator
muscle to the origin of the nerves to the lateral epicondylar
muscles. Our investigation is similar to their one except we
did not investigate segment III and our results show that
distribution of terminal muscular branches from DBRN is
very similar in both fetuses and adults. We only observed

Fig. 1 Schematic illustration of the measured distances

Fig. 2 The deep branch of the radial nerve (Dbrn) branching between
superior and inferior edges of the supinator muscle in fetus. Sb Super-
Wcial branch of the radial nerve, sm supinator muscle, asterisks nerves
to the supinator muscle, dotted line superior edge of the supinator
muscle
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one fetus, in which DBRN branched to its terminal muscu-
lar branches proximally to the superior border of the supi-
nator muscle.

There are many precious articles about anatomy of the
terminal muscular branches of the DBRN and its entrap-
ment clinics. Portilla Molina et al. [18] studied possible

compression sites for DBRN distal to the inferior border of
the supinator muscle. Ay et al. [1] measured the distance of
the point that DBRN divides into the terminal branches
from the inferior border of the supinator muscle. Elgafy
et al. [5] stated that terminal branches of PIN formed a six-
branched common leash at 1 cm from the distal border of
superWcial head of the supinator muscle. Moss and Switzer
[14] studied the spectrum of clinical presentation of RTS in
15 cases. Lister et al. [12] showed the eVect of the therapy
on 20 RTS patients.

Beside these studies, which mainly focus on terminal
muscular branches of DBRN, there are so many articles in
the literature explained relationship between DBRN and the
supinator muscle anatomically and clinically. We can com-
pare our results with these papers.

Our adult results show that the length of the radial nerve
from the point of piercing the lateral intermuscular septum
to the humeroradial joint line, D1, is approximately 9.3 cm.
Kirici and Irmak [9] and Prasartritha et al. [19] found same
distance 13 and 8.85 cm, respectively. The length of DBRN
from the point of branching from the radial nerve to the
humeroradial joint line, D2, is approximately 3 cm. Kirici
and Irmak [9], Prasartritha et al. [19] and Konjengbam and
Elangbam [10] found same distance 1.3, 3.35 and 0.85 cm,
respectively. We think that our results are concordant with
the result of Prasartritha et al. DiVerence in D1 and D2
measurements between results of ours and other’s studies is
caused by deWnition of the lateral intermuscular septum and
the humeroradial joint line. Thomas et al. [25] reported that
the radial nerve bifurcated into the PIN and superWcial
radial nerve 8.0 § 1.9 cm distal to the lateral intermuscular
septum. Low et al. [13] found that the radial nerve
branched into superWcial radial nerve and PIN at an average
of 1.8 cm below the lateral condyle. Ozkan et al. [16] mea-
sured the distance between the lateral intermuscular septum
and the site of division of radial nerve into its superWcial
and deep branches, which is equal to D1 minus D2, was
9.2 cm.

The length of the DBRN from humeroradial joint line to
the superior edge of the supinator muscle, D3, is approxi-
mately 2.85 cm. Kirici and Irmak [9], Konjengbam and
Elangbam [10] and RiVaud et al. [21] reported same dis-
tance 2, 2.35 and 2.5 cm, respectively. Thomas et al. [25]
reported that the bifurcation of the radial nerve occurred
3.6 § 0.7 cm proximal to the leading edge of the supinator.

Fig. 3 The course and branching pattern of the DBRN above the ar-
cade of Frohse in forearm of the adult. Dbrn Deep branch of the radial
nerve, Sb superWcial branch of the radial nerve, sm supinator muscle,
asterisks nerves to the supinator muscle, Nb nerve to the brachioradi-
alis muscle, Nel nerve to the extensor carpi radialis longus muscle, Neb
nerve to the extensor carpi radialis brevis muscle

Table 1 Mean values of measured distances acquired from both fetus-
es and adults (mm)

D1 D2 D3 D4 D5

Adults

R 92.82 41.4 27.76 69.12 230.79

L 95.1 39.94 27.96 67.94 240.6

Fetuses

R 21.34 9.53 6.37 16.07 55.09

L 20.82 9.48 6.848 16.25 55.15

Table 2 Ratios between each of the adult and fetal measurements in
both right and left sides

D1A/D1F D2A/D2F D3A/D3F D4A/D4F D5A/D5F

Ratio

R 4.35 4.34 4.35 4.30 4.18

L 4.47 4.21 4.23 4.18 4.36
123



Surg Radiol Anat (2009) 31:591–596 595
Low et al. [13] found that the PIN passed beneath the
arcade of Frohse at an average of 3.8 cm below the lateral
condyle. Tubbs et al. [26] stated that the PIN entered the
supinator muscle at approximately the level of the radial
head; mean 6 cm distal to the lateral epicondyle of the
humerus. Ozturk et al. [17] measured that the distance
between the lateral epicondyle and the superior margin of
the supinator muscle was 4.62 cm. Lawton et al. [11] mea-
sured the mean length of PIN from radiocapitellar joint line
to the branching point in the supinator muscle, which is
approximately 2 cm plus D3, was 4.6, 5.3 and 5.7 cm in
supination, neutral position and pronation, respectively.

Ozkan et al. [16] measured the length of the PIN from its
division to the arcade of Frohse, which is equal to D2 plus
D3, was 4.6 cm.

The length of the DBRN from humeroradial joint line to
the inferior edge of the supinator muscle, D4, is approxi-
mately 6.85 cm. Kirici and Irmak [9] and Konjengbam and
Elangbam [10] found same distance 6.2 and 6.53 cm,
respectively. RiVaud et al. [21] reported that the average
distance between the superior and inferior margins of the
supinator muscle was 4.5 cm. Thomas et al. [25] reported
that the PIN exited the supinator muscle 3.8 § 0.9 cm distal
to the proximal margin.

We think that the most important measurements for
decompression surgery are D3 and D4 because of the most
common compression site is the superior edge of the supi-
nator muscle. Our results are concordant with the literature
for these measurements.

Entire length of the radius from humeroradial joint line
to the radial styloid process, D5, is approximately 23.5 cm.
Kirici and Irmak [9] found same distance 22.5 cm. Ozturk
et al. [17] measured that the distance between the lateral
epicondyle and the radial styloid process was 23.32 cm.
Tubbs et al. [26] stated that the exit site from the distal edge
of the supinator muscle was also found to be mean 18 cm
proximal to the styloid process of the ulna. We added D5
measurement to the study because of the necessity of a
bony parameter for comparing fetal and adult results. We
found that this measurement was also concordant with the
literature.

Since there is no study to compare within the literature;
we compared our results of the fetal measurements with the
adult ones. We found a nearly constant ratio, mean 4.3
(minimum 4.18 and maximum 4.47), dividing adult value
to the fetal one in all of the measurement. This might be
interpreted that there is no diVerence between adults and
fetuses according to the morphological measurements.

Branching pattern of the DBRN according to the supina-
tor muscle might not vary the symptoms of both RTS and
PINS impressively. If the DBRN branches proximal to the
supinator or between superior and inferior border of
the supinator, more motor branches might be aVected in the

case of the compression at the most common site that is
arcade of Frohse.

Finally as a conclusion, because of neither Wbrous band
deep from the ECRL, nor upper border of the supinator was
seen in fetuses; we assume that these Wbrous structures
appear after birth. We think that it is one of the reasons why
DBRN compression has never been reported in children.
There is a constant ratio (mean 4.3) between the measure-
ments of the fetuses and adults in this the Wrst fetal study
about the course and branching pattern of the DBRN.
Studying and publishing of the nerve courses in fetus will
be helpful for our understanding of comparative anatomy
and also an encouraging accelerator for researchers to work
on unstudied peripheral nerves.
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