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Abstract We analyzed anatomic distribution of the
radial nerve in the upper arms in Chinese-adult embalmed
cadavers (120 nerves in 60 cadavers) and compared it with
findings reported for Caucasian adults. The acromion, the
medial epicondyle, and the lateral epicondyle were used as
bony landmarks. We used previously described techniques
to quantitatively describe the location of the radial nerve
in relation to the surrounding skeleton. Courses of the
radial nerve relative to the humeral shaft in Chinese
subjects differed from those previously reported for
Caucasian subjects. The parameters that differed from
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Caucasians were: the distances from the acromion to the
upper margin (147 £ 21 mm versus 124 + 12 mm), the
acromion to the lower margin (195 = 36 mm versus
176 = 17 mm), and the medial epicondyle to the lower
margin (111 =21 mm versus 131 = 10 mm). Our study
provides information to help identify the radial nerve
during surgery and elucidates racial differences in the
distribution of the radial nerve between Chinese and
Caucasian populations.

Introduction

The radial nerve is one of the terminal branches of the
posterior cord of the brachial plexus. It descends behind
the third part of the axillary artery and the upper part of the
brachial artery and passes in front of the subscapularis and
the tendons of the latissimus dorsi and teres major. It is
located between the deep brachial artery and the long head
of the triceps. The nerve then courses inferiorly between
the long and medial heads of the triceps entering the radial
groove posterior aspect of the humerus. At this point, the
radial nerve is vulnerable to injury if the humerus is
fractured.

After coursing through the groove, the radial nerve
enters the lateral intermuscular septum and is accompanied
by the radial collateral branch of the deep brachial artery. It
continues inferiorly between the brachialis and brachio-
radialis muscles and courses into the forearm crossing
anterior to the capsule of the elbow. On reaching the front
of the lateral epicondyle, it divides into branches, including
the radial nerve proper and the muscular, cutaneous,
articular, superficial, and deep terminal (posterior interos-
seous nerve) branches. The posterior interosseous nerve
penetrates the supinator muscle (arcade of Frohse) [19] to
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innervate the extensor muscles of the brachium, forearm,
and wrist [22].

The radial nerve crosses the posterior aspect of the
humerus near its midpoint [13]. The site at which the nerve
is most vulnerable to damage is near the junction of the
middle and distal thirds of the humerus, as Holstein and
Lewis [15], Bodner et al. [4], and Edwards and Kurth [11]
have described. Rates of permanent radial nerve palsy after
a posterior approach to the humerus are approximately 0%
to 3% [2, 10, 15]. Surgeons must understand the anatomic
relationships between the radial nerve and the bony land-
marks of the humerus to avoid radial nerve injury during
humeral shaft fracture internal fixation. However, two
studies [8, 9] suggest some anatomic differences and
variations among Chinese and Caucasian populations.

Therefore, we analyzed the anatomy of the radial nerve
in the upper arms in Chinese adults (1) to define its position
relative to the humerus to facilitate its identification during
surgery and (2) to discover whether there are anatomic
differences between Chinese and Caucasians regarding this
nerve.

Materials and Methods

One of the authors (PHC) dissected 120 upper arms of 60
embalmed cadavers (8 women, 52 men) with 120 radial
nerves. We chose this number arbitrarily without a prior
power analysis. The arms of cadavers with identifiable
scarring or trauma were excluded from our study. The
middle points of the acromion, the medial epicondyle, and
the lateral epicondyle were used as bony landmarks. In
addition, the techniques described by Guse and Ostrum
[13] were used as the basis for measurements of the radial
nerve in relation to the surrounding skeleton (Fig. 1;
Table 1): (1) Line A, from the acromion to the upper
margin; (2) Line B, from the acromion to the lower margin;
(3) Line C, from the medial epicondyle to the lower mar-
gin; (4) Line D, from the medial epicondyle to the upper
margin; (5) Line E, from the lateral epicondyle to the lower
margin; and (6) Line F, between the acromion and the
lateral epicondyle (defined as humeral length).

We considered data from the two radial nerves of one
cadaver as independent sets of data. We then used an
independent-samples t test to compare our mean data with
those of Guse and Ostrum [13]. A p value less than 0.05
indicated a significant difference.

Results

We found differences (p < 0.05) in three of the six
parameters defining distribution of the radial nerve around
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Fig. 1 The course of the radial nerve in relation to the humerus is
viewed from the posterior aspect of the arm. Upper and lower margins
are identified when the nerve pierces and leaves the posterior
humerus, respectively. Line A = acromion to upper margin; Line
B = acromion to lower margin; Line C = medial epicondyle to lower
margin; Line D = medial epicondyle to upper margin; Line E =
lateral epicondyle to lower margin; Line F = acromion to lateral
epicondyle (defined as humeral length).

the humerus between Chinese and Caucasian subjects,
especially in some parameters such as the distances from
the acromion to the upper margin, from the acromion to the
lower margin, and from the medial epicondyle to the lower
margin (Table 1).

The mean humerus length was 287 mm, which was
similar to the 302 mm reported by Guse and Ostrum [13].
The mean distance from the acromion to the upper margin
was 147 mm and the mean distance to the lower margin
was 195 mm (Line B). These findings differed from the
124 and 176 mm, respectively, reported by Guse and
Ostrum [13]. The variation may be because the radial nerve
traveled at a low position along the posterior aspect of the
humerus. Mean distances from the medial epicondyle to the
upper or lower margins were 161 mm (Line D) and
111 mm (Line C), respectively. Only the distance of Line
C was different from the 131 mm reported by Guse and
Ostrum [13]. The mean distance from the lateral epicon-
dyle to the lower margin (104 mm, Line E) did not differ
from the result of Guse and Ostrum [13] (126 mm).

The mean distance from the acromion to the upper
margin was 147 mm (range, 114-204 mm). Therefore, the
proximal safe zone was 11 cm, similar to the result of Guse
and Ostrum [13] (10 cm). Distances from the lower mar-
gin to the medial and lateral epicondyles were 111 mm
(range, 75-155 mm) and 104 mm (range, 60-156 mm),
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Table 1. Measurements of the radial nerve in relation to bony landmarks

Measurement line Distance (mm)

Percentage of humeral length

Our results

Guse and Ostrum [13] Our results Guse and Ostrum [13]

147 = 21" (114-204)
195 + 36" (150-305)
111 £ 217 (75-155)
161 + 20 (121-200)
104 + 25 (60-156)
287 + 28 (243-383)

A = acromion to upper margin
B = acromion to lower margin
C = medial epicondyle to lower margin
D = medial epicondyle to upper margin
E = lateral epicondyle to lower margin

F = acromion to lateral epicondyle (defined
as humeral length)

124 = 12 (97-142)

176 = 17 (140-210)
131 = 10 (108-151)
181 = 11 (158-200)
126 = 11 (101-148)
302 = 18 (269-335)

49 £ 5 (41-62)
65 £ 9 (51-89)
38 + 6 (22-49)
54 + 7 (35-66)
35 + 8 (19-49)

41 £ 3 (36-46)
58 + 4 (52-65)
43 + 4 (38-53)
60 + 3 (52-67)
42 + 4 (36-50)

Values expressed as mean + standard deviation, with range in parentheses; “significantly different (p < 0.05) from the data reported by Guse and

Ostrum [13].

respectively. Therefore, the distal safe zone was 6 cm. This
distance is less than the 10 cm reported by Guse and
Ostrum [13].

Discussion

The radial nerve is at risk during surgical exposure.
Therefore, comprehensive evaluation of the distribution of
the radial nerve in the arm region is essential. The radial
nerve may be at greatest risk with fractures of the middle
[16, 17] or distal third of the humeral shaft [4, 15] owing to
diminished mobility of the nerve where it pierces the lat-
eral intermuscular septum [4, 5]. However, the incidence of
iatrogenic injury to the radial nerve [7, 18] increases when
the radial nerve runs along the posterior part of the
humerus [4, 15]. We found its course along the humerus
differs between Chinese and Western races.

Our study had some major limitations. First, although
the same supine position is used for cadaveric dissections
and for approaching humeral shaft fractures, extension or
flexion of the elbow during surgery may allow better
anatomic reduction or alignment when placing internal
fixators. Therefore, changing positions for measurement
might have introduced bias. Second, measurements were
made in intact humeri. However, relationships to either or
both margins change in fractured humeri that are surgi-
cally exposed, presumably because the radial nerve is
tightly tethered to the lateral intermuscular septum [3, 13].
Third, we measured the nerve in embalmed cadavers,
which may vary from the nerve live humans. Fourth, we
considered the data from left and right arms as indepen-
dent. Given normal symmetry, this assumption may be
incorrect and thus overestimate the importance of the
differences.

When treating humeral shaft fractures with internal or
external fixators, reference points of the humeral head and
the distal part of the olecranon fossa are not easy to identify
even in open fractures because of the soft tissue covering

around the shoulder or elbow. In clinical application, bony
landmarks such as the tip of the acromion and the lateral
epicondyle are easy to access and identify during surgery.
Bono et al. [5] identified the length of the humerus as the
true length from the head to the distal portion of the
olecranon fossa. Guse and Ostrum [13], in contrast, defined
the length of the entire humerus from the tip of the acro-
mion to the lateral epicondyle.

In studies by Chao et al. [6] and Chapman et al. [7], the
anterolateral approach was applied in the upper thirds of
the humeral shaft and the posterior approach was used in
fractures of the middle and distal thirds of the humerus [1,
12, 14, 20, 21]. The danger zone for plate fixation of
fractures of the middle to distal thirds of the humerus,
especially via the posterior approach, is where the nerve
runs along the posterior aspect of the humerus.

We found the upper margin was located approximately
in the middle of the humerus in reference to bony land-
marks such as the acromion or the medial epicondyle. In
contrast, the mean lower margin was never within 60 mm
proximal to the lateral epicondyle. The mean pathway of
the nerve along the posterior portion of the humerus was
50 mm (range, 22-120 mm). Therefore, surgeons can
identify the distal margin in two ways. First, they can
identify the middle point of the humerus and then extend
approximately 5 cm distally. Second, they can identify the
lateral epicondyle and then extend 6 cm proximally. Both
ways allow clinicians to easily locate the distal margin
when placing a dynamic compression plate to treat a
humeral shaft fracture.

Six-, seven-, and eight-hole broad dynamic compression
plates of the AO system (4.5-mm broad compression plate;
Smith and Nephew, Memphis, TN) are commonly used to
treat humeral shaft fractures [6, 7, 14, 18]; the lengths of
these plates are 10.4, 11.9, and 13.5 cm, respectively. Each
size of these plates is longer than the course along the
posterior humerus. During internal fixation of a dynamic
compression plate, the course of the radial nerve is easily
encountered. By measuring the bony landmarks mentioned
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previously, surgeons can predict preoperatively if place-
ment of the plate will interfere with the course of the radial
nerve. Careful dissection with clear observation from the
lateral intermuscular septum [3] from the proximal and
distal aspects allows for displacement of the radial nerve
and facilitates safe placement of the dynamic compression
plate deep to it.

Intramedullary nailing and external fixation provide the
advantages of preserving soft tissue around the fracture site
[3, 6, 7, 18]. Although these techniques often involve
closed reduction and percutaneous fixation, iatrogenic
injury of the radial nerve still can result from insertion of a
blind locking screw or external full or half pin.

After entering the lateral intermuscular septum, the
radial nerve takes a superficial course and runs from the
lateral to the anterior aspect of the humerus. The lower
margin where the nerve pierces the lateral intermuscular
septum is approximately from the middle to the distal fifth
of the humerus. Placement of a locking screw or pin of the
external fixator can directly injure the nerve. Owing to
variability in the location of the lower margin (60-156 mm
from either epicondyle), use of a small open incision for
observation and protection with a sleeve are recommended
when placing distal locking screws or fixator pins. The safe
zone for placing a distal locking screw or external pin from
lateral to medial is 60 mm within the lateral epicondyle,
according to our results.

Owing to individualized variability, surgeons must
carefully place any internal or external fixators used to treat
different fractures of the humeral shaft. Our data illustrate
variability of the course of the radial nerve and differences
in the course of the nerve between Chinese and Caucasian
adults. The information should help the clinician avoid
iatrogenic injury during surgical procedures.
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