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INTRODUCTION
The axillary nerve or brachial plexus can sustain injuries from trauma, 
traction injuries, shoulder dislocation or due to complications 
that occur during shoulder surgery [1]. The deficits that result are 
predominantly elbow flexion, shoulder abduction, and external 
rotation. Inability to abduct the shoulder can be especially very 
debilitating for the patient [2-4]. Sometimes, there is more than one 
branch of the radial nerve that supplies one of the heads of the 
triceps brachii, and hence these branches can be transferred to the 
injured axillary nerve [5].

There have been studies that have shown that transfer of the nerve 
to the long head of the triceps to the axillary nerve have helped 
to restore the function of the deltoid muscle [6-10]. Other studies 
where the nerve to the lateral head of triceps [11-13] and the nerve 
to medial head [14] have been transferred to the axillary nerve to 
restore shoulder function have been reported.

The branching pattern of the radial nerve to triceps brachii muscle 
is complex. Uerpairojkit C et al., have described four patterns 
of branching, based on the number of branches given off from 
the radial nerve to the triceps brachii [15]. The present study 
was conducted to determine whether there are any variations 
in the branching pattern of the radial nerve branches to triceps 
brachii muscle, that have not previously been reported in the 
literature. Knowledge of the variations in the branching patterns 
will help to identify the branch most suitable for reinnervation of 
the deltoid muscle.

MATERIALS AND METHODS
The present observational study was conducted for the duration of 
one year, i.e., March 2015-Feb 2016. Twenty eight upper extremities 
belonging to 14 cadavers (10 males and 4 females) used for student 
dissection were subjected to this study. The number of female 
cadavers used was less, as there were only few female cadavers 
available at the time of the study. The mean age of the cadavers was 

73±17 years (range: 44-90 years). The study was undertaken after 
obtaining the approval of the Institutional Review Board. The arms 
used showed no evidence of any gross malformation or deformity. 
With cadavers in the prone position, a vertical incision was made 
from the tip of the acromion process to the olecranon process. 
The three heads of the triceps brachii muscle were exposed and 
separated (Long H-Long Head; LatH-Lateral Head; Med H-Medial 
Head; TM-Teres Major). The Radial Nerve (RN) was carefully 
dissected and the branching pattern of the nerve branches to each 
head was observed [Table/Fig-1,2].
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ABSTRACT
Introduction: The axillary nerve arises from the posterior cord 
of the brachial plexus and supplies the deltoid and teres minor 
muscles. Axillary nerve injuries lead to abduction and external 
rotation weakness. In such cases, branches to the heads of 
triceps brachii muscle have been transferred to the axillary nerve 
to establish reinnervation of the deltoid muscle. In addition, the 
triceps nerve branches can be nerve recipients to reinstitute 
elbow extension.

Aim: To study the different branching patterns of the radial 
nerve branches to triceps brachii muscle.

Materials and Methods: Twenty eight upper limbs from adult 
cadavers were dissected to record variations in the branching 
pattern of the radial nerve branches to triceps brachii.

Results: The branching patterns seen were types A 1 (3.6%), 
B1 (1st pattern) 1 (3.6%), B2 (2nd pattern) 1 (3.6%), and C3 
22 (78.6%). Two new patterns observed were: type B2 
(6th pattern) 1 (3.6%) and type D (2nd pattern) 2 (7.1%). The long 
head had single innervation in 89.3% cases and the lateral and 
medial heads had dual innervation in 10.7% and 7.1% cases 
respectively.

Conclusion: The knowledge of the different branching patterns 
that are present will help surgeons to identify the most suitable 
radial nerve branch to triceps brachii that can be used for nerve 
transfer to restore the motor function of the deltoid muscle or to 
reanimate the triceps brachii muscle.

The patterns of branching of radial nerve branches to the triceps 
brachii seen in the present study were classified according to the 
study done by Uerpairojkit C et al., [Table/Fig-3] [15].

RESULTS
Types A, B1 (1st pattern), B2 (2nd pattern), and C3 patterns were 
seen. Two new patterns observed were type B2 (6th pattern) and 
type D (2nd pattern).

[Table/Fig-1]: The long and lateral heads of triceps brachii exposed.
[Table/Fig-2]: Dissection showing the radial nerve branches to the three heads. 
(Images from left to right)
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type A pattern: There were five branches. They were the branch to 
the long head (Long B), the upper branch of the lateral head (ULaH), 
the lower branch of the lateral head (LLaH) the upper branch of the 
medial head (UMH), and the lower branch of the medial head (LMH). 
This type was seen in one case (3.6%) [Table/Fig-4].

type B1 (1st pattern): There were four branches and they were the 
branch to the long head (Long B), the upper branch of the lateral 
head (ULaH), the lower branch of the lateral head (LLaH) and the 
branch to the medial head (Med B). This type was seen in one case 
(3.6%) [Table/Fig-5].

type B2 (2nd pattern): There were four branches and they were a 
branch to long head (Long B), a common branch to the lateral head 
which further divided into two (ULaH and LLaH), a branch to upper 
part of medial head (UMH) and a branch to lower part of medial 
head (LMH). This type was seen in one case (3.6%) [Table/Fig-6].

type B2 (6th pattern): There were four branches and they were a 
branch to long head (Long B), a branch to lateral head (Lat B), a 
common branch to the lateral head (Com Br) which further divided 
into two, and a branch to medial head (Med B). This type was seen 
in one case (3.6%) [Table/Fig-7a,b]. This branching pattern has not 
been reported earlier.

type c3 pattern: There were three branches; one to each head 
with no common branch. This type was seen in 22 cases (78.6%) 
[Table/Fig-8].

[Table/Fig-6]: Type B2 (2nd pattern).
The long head of triceps had one branch which is not seen in this view of the picture.

[Table/Fig-3]: Schematic diagram showing the different branching patterns.

[Table/Fig-5]: Type B1 (1st pattern).

[Table/Fig-7a]: Type B2 (6th pattern).
[Table/Fig-7b]: Schematic diagram showing Type B2 (6th pattern).

type d (2nd pattern): There were two common branches; one 
common branch (Com Br) dividing into two to supply the long head 
(Long B) and another common branch dividing into two to supply 
the Upper Part of Lateral Head (ULaH) and Upper Part of Medial 
Head (UMH). This type was seen in two cases (7.1%) [Table/Fig-
9a,b]. This branching pattern has not been reported earlier. The 
results are summarised in [Table/Fig-10].

[Table/Fig-9a]: Type D (2nd pattern). 
[Table/Fig-9b]: Schematic diagram showing Type D (2nd pattern).

[Table/Fig-8]: Type C3 pattern.

[Table/Fig-4]: Type A pattern.
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Types B1 (2nd pattern), B2 (1st, 3rd, 4th and 5th patterns), C1, C2, C 
variations and D (1st pattern) were not observed in the present study.

DISCUSSION
Shoulder stabilisation and reconstruction of abduction-external 
rotation are very important in patients with brachial plexus injuries, 
as the more distal functions will be affected by the condition of the 
shoulder [16,17]. It is important for the patient to achieve elbow 
extension in order to stabilise the elbow without using the opposite 
hand and is imperative for overhead activities and to achieve a more 
useful grasp [18].

Nerve transfer procedures have gained importance in the treatment 
of brachial plexus and axillary nerve injuries where, a nerve branch 
from a muscle that has more than one branch innervating it is 
taken and connected to an injured nerve that supplies a muscle 
whose function has been jeopardised as a result of the injury. The 
remaining innervated muscles should compensate the function of 
the sacrificed nerve [19].

There are not many studies available describing in detail the pattern 
of innervation of the triceps heads and the number of branches 
for each head which are suitable for nerve transfer. Theoretically, 
each of the triceps branches can be used for transfer, however, it 
remains controversial which of the branches should be used. The 
comparison between the study by Al-Meshal O et al., [5] and the 
present study showing the variations in the number of branches to 
each head of triceps brachii is shown in [Table/Fig-11].

In axillary nerve injury, the branch to the long head of triceps 
brachii has been used to surgically reconstruct the axillary nerve 
[12,13,20-24]. The branch to the long head of triceps muscle 
has the largest diameter and highest number of axons when 
compared with the other branches and hence, it can be used 
to reinnervate the anterior axillary nerve branch, as well as the 
branch to the teres minor muscle simultaneously [8,12]. Since, 
teres minor muscle is essential for external rotation, it is important 
to include this muscle in the treatment of reconstruction [25]. 
Moreover, Witoonchart K et al., found that the nerve to long head 
was close to the anterior branch of axillary nerve and hence, 
it became an appropriate donor to the axillary nerve without 
using a nerve graft [8]. A posterior approach was recommended 
for this transfer as both the donor and recipient nerves were 
visualised well using this approach [6]. It has been shown that 
among the three heads of triceps, the long head played the least 
important role whereas the medial and the lateral heads showed 
a considerable amount of activity during elbow extension. When 
the nerve to the long head of the triceps had been transferred to 
the axillary nerve, 45.5% of the original motor neuron pool could 
be reinnervated [8].

The branch to the medial head of triceps muscle can be 
considered as a suitable donor nerve, because there are two or 
three branches to the medial head, one proximal and two other 
branches more distal with enough length for transfer and end to-
end coaptation without tension [12-14]. In high brachial plexus 
injuries, where the deltoid is paralysed but the axillary nerve is 
anatomically preserved, it is better to perform reinnervation using 
the triceps long and/or the upper medial head motor branch 
dissected via the axilla [26]. However, in isolated axillary nerve 
lesions, the axillary nerve may be damaged as far distally as its 
entrance into the deltoid. The branch to the medial head and 
anconeus is a long one and can be used for lesions of the terminal 
divisions of the axillary nerve [13].

Bertelli JA et al., in their study found the upper branch to the 
lateral head arose from the radial nerve, whereas the lower branch 
to the lateral head was a branch of the lower medial head motor 
branch [13]. The branch to the upper part of the lateral head 
was used to reconstruct the axillary nerve through a posterior 
approach. The function of the lateral head was not compromised 
as it had a dual innervation. While considering the branch to the 
lateral head as a possible donor, Witoonchart K et al., found 
it had a similar diameter to the long head motor branch [8]. In 
another study, by Bertelli JA et al., patients with axillary nerve 
injuries who underwent surgical repair using a motor branch 
of the triceps brachii, had complete abduction of the shoulder 
restored [12]. In 10 patients with avulsion injuries of the brachial 
plexus, among the multiple nerve transfers performed on them 
was the transfer of the branch to the lateral head of triceps to the 
axillary nerve [11].

Although, textbooks of Anatomy state that the triceps brachii 
muscle is supplied by the radial nerve, there are studies that show 
that the long head of triceps does have an additional supply from 
the axillary nerve [27-29]. In an individual with dual innervation, the 
axillary branch to the triceps could be rerouted to the deltoid while 
the radial nerve branch to the triceps could be left intact to maintain 
triceps function.

Uerpairojkit C et al., did a detailed study on the branching 
patterns of the radial nerve branches to the heads of triceps 
brachii muscle. They described four patterns of branching 
namely A, B, C and D in 79 cadaveric arms belonging to the 
Thai population. The distribution of the patterns in their study 
were-Type A in 21 arms, type B1 (1st pattern)-7 arms, type 

types no. of branches Variation

A 5

Branch to the long head (Long B)
Upper branch of the lateral head (ULaH)
Lower branch of the lateral head (LLaH)
Upper branch of the medial head (UMH)
Lower branch of the medial head (LMH)

B1 (Ist pattern) 4

Branch to the long head (Long B)
Upper branch of the lateral head (ULaH)
Lower branch of the lateral head (LLaH)
Branch to the medial head (Med B).

B2 (2nd pattern) 4

Branch to long head (Long B)
Common branch to the lateral head which 
further divided into two (ULaH and LLaH)
Branch to upper part of medial head (UMH)
Branch to lower part of medial head (LMH)

B2 (6th pattern) 4

Branch to long head (Long B)
Branch to lateral head (Lat B)
Common branch to the lateral head (Com 
Br) which further divided into two
Branch to medial head (Med B)

C3 pattern 3 One branch to each head

D (2nd pattern) 2

One common branch (Com Br) dividing into 
two to supply the long head (Long B)
One common branch dividing into two to 
supply the upper part of lateral head (ULaH) 
and upper part of medial head (UMH)

[Table/Fig-10]: The different branching types.

Al-Meshal O et al., [5]  
(n=25)

Present study 
(n=28)

no. of branches no. of specimens no. of specimens

Long head
1 23 (92%) 25 (89.3%)

2 2 (8%) 3 (10.7%)

Lateral head

1 - 25 (89.3%)

2 11 (44%) 3 (10.7%)

3 7 (28%) -

4 5 (20%) -

5 2 (8%) -

Medial head
1 22 (88%) 26 (92.9%)

2 3 (12%) 2 (7.1%)

[Table/Fig-11]: Variations in the number of branches of radial nerve to each head 
of triceps brachii.
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B1 (2nd pattern)-10 arms, type B2 (B2-1st pattern in 9 arms, B2-
2nd pattern in 2 arms, B2-3rd pattern in 3 arms, B2-4th pattern 
in 5 arms and B2-5th pattern in 2 arms), type C1-7 arms, type 
C2-5 arms, type C3-2 arms, type C variations-3 arms and type 
D (1st pattern)-3 arms [Table/Fig-12] [15].

CONCLUSION
This study provides information that is beneficial when nerve transfer 
procedures are undertaken. The radial nerve branches to triceps 
brachii can be used either as nerve donors to the axillary nerve to 
reinnervate shoulder abduction or as nerve recipients to reinstitute 
elbow extension. The study shows that variations in the branching 
pattern of the radial nerve branches to triceps brachii exist and 
an understanding of the variations that can occur is extremely 
useful for the surgeons as the variant will make them more careful 
in dealing with nerve transfer procedures, reconstructive surgery, 
nerve entrapment surgery, compressive neuropathies and in pain 
management therapy.
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Type B2 (6th Pattern) - 1 (3.5%)

Type C1 7 (8.8%) -

Type C2 5 (6.3%) -

Type C3 2 (2.5%) 22 (78.5%)

Type C variations 3 (3.7%) -

Type D (1st pattern) 3 (3.7%) -

Type D (2nd Pattern) - 2 (7.1%)

[Table/Fig-12]: Patterns of radial nerve branching to triceps brachii seen in  different 
studies. 

In the present study of 28 arms belonging to the Indian population, 
the patterns seen were type A in 1 arm, type B1 (1st pattern)-1, 
type B2 (2nd pattern)-1, and type C3 in 22 arms. Two new patterns 
observed were type B2 (6th pattern) in 1 arm and type D (2nd pattern) 
in 2 arms. The finding of two new patterns suggests that the 
branching of the radial nerve branches to the triceps brachii is highly 
variable [Table/Fig-12].

The most common pattern found in the study by Uerpairojkit 
C et al., were types A (26.5%) and B2 (26.5%), whereas it was 
type C (78.5%) in the present study. Hence it is important to know 
the prevalent pattern in a particular population while undertaking 
neurotisation procedures and reconstructive surgeries [15].

In the present study, the long head is supplied by a single branch 
from the radial nerve in 89.3% of cases. This is in accordance 
with the findings of Al-Meshal O et al., who in their study of 
25 cadaveric arms found the long head had a single branch 
innervating it in 92% cases [5]. It has been known that the long 
head plays a minimal role in elbow extension. The lateral head 
had radial nerve branches supplying its upper and lower parts 
in 10.7% of cases in the present study. In a similar study by Al-
Meshal O et al., there was more than one branch supplying the 
lateral head in all the specimens. In 44% of specimens, there were 
two branches and the proximal branch to the lateral head was the 
ideal one. This was because the most proximal branch arose from 
the radial nerve about 4 cm from the humeral head, and hence 
could easily reach the anterior branch of the axillary nerve [5]. The 
medial head had branches supplying its upper and lower parts in 
7.1% of cases in the present study, which is in accordance with 
the findings of Al-Meshal O et al., where there were two branches 
supplying the medial head in 12% cases [5]. The advantages of 
using the nerve to the medial head is that it is easy to dissect the 
nerve in the intermuscular interval between the long and lateral 
heads of the triceps and its harvest does not require intramuscular 
dissection [5].

LIMITATION
The limitation of the present study was the small sample size.
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