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IntROduCtIOn
The radial nerve is the largest terminal branch of the posterior cord 
of brachial plexus and it has a root value C5, C6, C7, C8, T1. It 
lies behind the third part of axillary artery. Branches for long head, 
medial head of triceps brachii and posterior cutaneous nerve of arm 
arise from the radial nerve in axilla. It passes posteriorly through 
the triangular space accompanied by the profunda brachii artery. 
Branches for lateral and medial heads of triceps brachii are given 
off at the spiral groove. The other branches at this level are branch 
to anconeus passing through the medial head of triceps, lower 
lateral cutaneous nerve of arm and posterior cutaneous nerve of 
forearm. The radial nerve pierces the lateral intermuscular septum 
at the lower lateral aspect of humerus and enters the anterior 
compartment of the arm. It divides into its terminal branches 
which are the superficial and deep branch anterior to the lateral 
epicondyle of humerus [1].

Fractures of the shaft of the humerus and its operative fixation can 
result in radial nerve injury [2,3]. Radial nerve palsy is commonly 
seen in Holstein Lewis fracture, as these fractures involve the middle 
and middle-distal shaft of the humerus [4].

A posterior approach to the humerus is commonly used for open 
reduction and internal fixation of fracture shaft of the humerus [5]. 
Bony landmarks like the medial humeral epicondyle, lateral humeral 
epicondyle, and distal articular surface of humerus have been 
made use of in the past to identify the radial nerve during surgical 
exploration of the humerus [6-10].

In cases where the bony elements have lost their proper orientation 
as in comminuted fractures, humeral malunion/non-union, other 
landmarks need to be taken into consideration to prevent iatrogenic 
injury to the nerve [11,12]. In fractures of the distal part of shaft of 
humerus, surgeons may find it difficult to locate the radial nerve 
intraoperatively using osseous points [13]. It has been seen that 
the landmark of the confluence of the long and lateral heads of 
the triceps with the triceps aponeurosis, can be used to identify 

the radial nerve when exploring the midshaft of the humerus with 
the triceps-splitting approach [12]. In such cases, the radial nerve 
can be identified using the triceps aponeurosis, as the nerve has a 
consistent relationship with the lateral border of the aponeurosis [10]. 
Chaudhry T et al., and McCann PA et al., studied the relationship 
between the radial nerve and the lateral border of the triceps 
aponeurosis in British cadavers [10,14]. There are no corresponding 
values for the Indian population.

The present study was aimed to determine reliable anatomic 
landmarks that can be used for identification of the radial nerve 
while undertaking surgical exploration of the humerus using the 
posterior approach.

MAtERIALS And MEthOdS
The present study was done on 28 arms belonging to 14 adult 
formalin embalmed cadavers (male-10, female-4) available in the 
Department of Anatomy, Christian Medical College, Vellore, Tamil 
Nadu, India, where in the average age of the cadavers was 73 
years (range 44-90 years). Arms having any gross malformation 
or deformity were excluded from the study. The study was 
started in March 2015 and completed in February 2016 and was 
approved by the Institutional Review Board (letter no. 9241 dated 
12.01.2015).

For each dissection, the cadaver was placed in a prone position 
on the dissection table. Both arms were placed in an extended 
position. An incision was made from the tip of the acromion 
process to the superior aspect of the olecranon process. The 
skin and subcutaneous tissues were removed. The intramuscular 
septum between the long and lateral heads of the triceps muscle 
was identified. The intersection of this septum with the triceps 
aponeurosis was identified (point C) [Table/Fig-1,2]. Blunt dissection 
through the triceps musculature at a level two finger breadths 
proximal to the point C was performed and the radial nerve was 
identified lying on the periosteum of the posterior humerus. The 
distance between the point C and the radial nerve (point D) was 
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ABStRACt
Introduction: Identification of the radial nerve and preventing 
injury to it is crucial, while surgically approaching the humerus 
from the posterior aspect to treat fractures of the midshaft or 
the distal third of the bone.

Aim: To identify certain anatomic landmarks, using which the 
radial nerve could be identified during surgical intervention, in 
order to prevent iatrogenic injury to the nerve.

Materials and Methods: Twenty-eight arms belonging to 14 
adult cadavers (10 male and 4 female) were used for this study. 
The distance between the radial nerve on the posterior humerus 
and the point of confluence of the long and lateral heads of the 
triceps with the triceps aponeurosis was measured. Statistical 

analysis using Student’s paired t-test was done between the 
right and left sides. In the distal third of the humerus, the 
distance of the radial nerve and the lateral border of the triceps 
aponeurosis at four sites were determined.

Results: The mean distance from the point of confluence to the 
radial nerve along the posterior humerus was 39.7±11.8 mm. The 
radial nerve passed adjacent to the lateral border of the triceps 
aponeurosis at a distance of 12-19.5 (±3.27) mm. It was never 
found to be closer than 4.6±2.54 mm to the aponeurosis.

Conclusion: The present study is useful for orthopaedicians 
while undertaking the surgical management of humeral fractures. 
The point of confluence and the triceps aponeurosis are two 
anatomic landmarks that can be used to locate the radial nerve.
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taken twice using a digital calliper (resolution of 0.01 mm) and the 
average of the values was taken.

StAtIStICAL AnALySIS
The statistical analysis was done using SPSS version 16.0. 
Descriptive statistics like range, mean, standard deviation were 
evaluated for all the parameters studied. Paired t-test was used to 
assess differences in parameters between left and right sides.

RESuLtS
The mean distance from the point of confluence to the radial nerve 
along its posterior anatomic location was 39.7±11.8 mm {range 
17.1-61.9 mm; [Table/Fig-5]}. Mean distances for the right and 
left humerus groups were 39.3±11.5 mm (range, 20.1-57.4 mm) 

measured [Table/Fig-2].

The lateral border of the triceps aponeurosis was identified and the 
radial nerve was exposed over the distal length of its course by 
dissecting the overlying muscle with a sharp scalpel [Table/Fig-3]. 
This ensured that the positions of the radial nerve and the triceps 
aponeurosis remained unaltered during the exposure. The distance 
between the radial nerve and the lateral margin of the triceps 
aponeurosis at four equally spaced points along the length of the 
aponeurosis was measured [Table/Fig-4]. The measurements were 

[table/Fig-1]: Posterior view of right arm showing the point of confluence of long 
head of triceps, lateral head of triceps and triceps aponeurosis.
C: Point of confluence; Long H: Long head; Lat H: Lateral head
[table/Fig-2]: Point of confluence (C) and the position of the radial nerve on the 
posterior aspect of the mid axial humerus (D) [Images from left to right].

[table/Fig-3]: Posterior view of the left humerus showing the Radial Nerve (RN) 
and the Triceps Aponeurosis (TA).
[table/Fig-4]: Measurements of the radial nerve in relation to the triceps aponeurosis 
[Images from left to right].
A: Aponeurosis1/4 to nerve; B; Aponeurosis 2/4 to nerve; C: Aponeurosis 3/4 to nerve; D: Aponeurosis 
4/4 to nerve

Matched Pairs right (mm) left (mm) p-value

1 27.14 23.41

2 20.06 47.25

3 30.38 25.41

4 30.34 47.54

5 37.81 33.78

6 32.72 38.56

7 42.05 44.42

8 53.68 53.13

9 39.63 35.42

10 40.68 37.63

11 32.45 17.1

12 57.37 54.72

13 55.88 61.86

14 50.13 41.69

Mean (SD) 39.3 (11.5) 40.1 (12.6) 0.8

Overall mean (SD) 39.7 (11.8)

[table/Fig-5]: Distance from the point of confluence to the radial nerve.

and 40.1±12.6 mm (range, 17.1-61.9 mm) respectively. Statistical 
analysis of the right and left sides using student’s paired t-test 
revealed no significant differences (p-value=0.8).

The distances between the radial nerve and the lateral border of 
the triceps aponeurosis at four equally spaced points are shown 
in [Table/Fig-6]. Throughout the course of its relationship with the 
triceps aponeurosis, the mean distance of the radial nerve from the 

Parameter Mean distance±Sd (mm) range (mm)

A: Aponeurosis to nerve 1/4 19.5±5.5 10.4-29.6

B: Aponeurosis to nerve 2/4 15.3±4.2 6.9-24.6

C: Aponeurosis to nerve 3/4 13.3±4 5.5-23.4

D: Aponeurosis to nerve 4/4 12±4 4.6-23

[table/Fig-6]: Measurements of radial nerve in relation to triceps aponeurosis.

aponeurosis was over 10 mm with a range of 12-19.5±3.27 mm. 
The closest distance between the radial nerve and the aponeurosis 
was found to be 4.6±2.54 mm. 

dISCuSSIOn
The course of the radial nerve has been extensively documented 
[1,5,15]. The nerve has a long and tortuous course, and because of 
its closeness to the humerus, it often sustains the injury in fractures 
of the humerus [16,17]. Humeral shaft fractures account for about 
1-3% of all fractures [18] and radial nerve is the most commonly 
injured nerve following a humeral fracture (2% to 17% of cases) 
[19,20].

The management of humeral fractures depend on the type of injury 
and individual patient needs. Fractures like comminuted and spiral 
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fractures of the humerus require early surgical exploration [21]. 
Surgical treatment is indicated in cases when nerve transaction is 
obvious, as in open injuries or when there is no clinical improvement 
after a period of three to six months of conservative treatment 
[16,22,23]. Proper identification and protection of the radial nerve 
during surgery may prevent secondary nerve palsy. Improper plate 
fixation can result in transaction of the radial nerve by screws [24]. 
Patients with distal fractures and those with previous fracture 
implants are at increased risk of iatrogenic radial nerve palsy [25].

The Posterior approach of the humerus provides good exposure 
to both middle and distal 1/3 humeral shaft fractures. A modified 
posterior approach is used in the surgical treatment of extra-articular 
distal-third diaphyseal fractures of the humerus [26]. It is possible 
that the more extensive radial nerve exploration, mobilisation, and 
manipulation required for this approach leads to a higher risk of 
radial nerve injury [25].

Although various studies have been done to determine the 
relationship between the radial nerve and bony landmarks [Table/
Fig-7] [6-10], in cases where there is a fracture and displacement 
of the bony elements, a soft tissue landmark will prove useful 
to the orthopaedician to identify the radial nerve, and prevent 
potential iatrogenic injury. There are certain studies describing the 
relationship of the radial nerve to soft tissue landmarks like the 
apex of the triceps aponeurosis, triceps tendon and the point of 
confluence [Table/Fig-8] [12,27,28]. The point of confluence is an 
easily identifiable superficial landmark. In the present study of 28 
arms, the distance of the radial nerve from the point of confluence 

was measured and it was found to be 39.7±11.8 mm. This finding 
is in accordance with the finding of Seigerman DA et al., in which 
the study of 30 arms reported that the radial nerve was at a mean 
distance of 39.0±2.1 mm from the point of confluence [Table/Fig-8] 
[12].

The triceps aponeurosis has been found to be a useful and reliable 
guide to locate the radial nerve intraoperatively. Chaudhry T et al., 
in their study of the relationship of the radial nerve to the triceps 
aponeurosis found that the nerve coursed at a distance of 22–27 
(±2) mm from the lateral border of the aponeurosis in the British 
population [10]. It was never found to be closer than 13 (±1) mm to 
the aponeurosis. The area which is <10 mm from the aponeurosis 
represented a “safe” area for intervention. In the present study in the 
Indian population, the radial nerve was found at a distance of 12-19.5 
(±3.2) mm from the lateral border of the aponeurosis. It was never 
found to be closer than 4.6 (±2.54) mm to the aponeurosis. The 
differences seen are because of racial variations. The area immediately 
adjacent to the aponeurosis (<4 mm) can be considered “safe” for 
soft tissue dissection and advancement to bone. Knowledge of these 
“safe zones” could potentially be useful for intraoperative guidance 
and might contribute to reduce the risk of radial neuropathy.

LIMItAtIOn
The present study was done to offer a simple and safe procedure 
to identify the radial nerve during fixation of comminuted fractures 
of the humeral shaft using a posterior approach. The study was 
undertaken on embalmed upper limbs in one position only with 
the axial rotation of the arm and the level of flexion or extension 
at the elbow fixed. In the operative setting, there is more mobility 
within the arm as well as glide between separate tissues. Thus 
further studies in non-preserved cadaver specimens or surgical 
settings would be needed to confirm whether the exact position 
of the arm and forearm are critical to present findings. However, 
the consistency of the results obtained suggests that the point of 
confluence and triceps aponeurosis may provide useful guides to 
surgical approaches. Other limitations of the present study was the 
small sample size and the fact that gender variations have not been 
looked at in this study.

COnCLuSIOn
Preserving the integrity of the radial nerve is of paramount importance 
and in cases where the bony reference points are displaced, the 
point of confluence between the long and lateral heads of the 
triceps and the triceps aponeurosis serves as a reliable landmark 
to locate the radial nerve during operative fixation from a posterior 
approach. While exploring fractures of the distal third of the shaft of 
humerus, the lateral border of the triceps aponeurosis can be used 
as a landmark to trace the radial nerve and prevent iatrogenic injury 
to the nerve.
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