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Abstract
Objective: The purpose of this study was to gain additional insights into the 
musculocutaneous nerve (MCN) branching pattern and its intraneural distribution 
that should improve the outcome of surgical treatments of elbow flexor spasticity 
(EFS) and MCN injury.

Methods: The study was performed on 20 human cadaveric arms. The distance 
from the coracoid process to the exit points of the MCN motor branches was 
measured and expressed as a percentage of the arm length. The intraneural 
distribution of each fasciculus was identified at proximal, middle, and distal levels 
following blunt intraneural dissection from the respective branch termination to 
the lateral cord. 

Results: The MCN branches to the coracobrachialis, biceps, and brachialis muscles 
arise respectively at approximately 17%, 45%, and 60% of the distance between the 
coracoid process and the medial epicondyle. Intraneural dissection revealed that 
sensory fascicles occupied the medial segment of the MCN at the proximal level 
and the lateral segment at the distal level. In contrast, motor fascicles occupied 
the anterolateral, lateral, and posterior segments of the MCN at the proximal level 
and the medial segment at the distal level. 

Conclusion: Based on the current data, the lateral half of the proximal and middle 
levels and the medial half of the distal level of the MCN would be the preferred 
sites for motor nerve transfer thereby improving chances for positive outcomes of 
the surgical techniques for EFS and MCN injury treatments.
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Introduction
Effective treatments for EFS and MCN injury require a thorough 
knowledge of the MCN anatomy. EFS is the most common 
manifestation of upper limb spasticity and is mediated by 
contracture of the biceps brachii and brachialis muscles, which 
are supplied by the MCN [1]. Microsurgical selective neurectomy, 
formerly termed hyponeurotization, has proven to be an effective 
surgical technique [2]. This procedure entails dissection of the 
MCN motor branches at their entrance into the muscle and 
resection of a portion of the terminal branches. It is currently 
recommended that a partial neurectomy must include the 
sectioning of 50–80% of all branches to a targeted muscle for 
it to be effective [3]. Therefore, the correct knowledge of the 
branching pattern and the number of secondary and terminal 
motor branches of the MCN are required for proper planning and 

execution of selective neurectomy. 

Injuries to the MCN, either due to direct trauma to the nerve or 
the upper roots of the brachial plexus, result in upper limb flexor 
paralysis [4]. The function of a damaged MCN can be restored 
by neurotization or nerve transfer, which involves suturing a 
grafted nerve, commonly an intercostal nerve, to the distal end 
of the MCN or one of its motor branches [5]. Nerve grafting is an 
alternative treatment option where an autologous nerve, typically 
the sural nerve, connects the trunks of the plexus to the MCN 
[6]. Success of the aforementioned surgical techniques depends 
on accurate fascicular matching by connecting related fascicles 
proximally and distally. The intraneural distribution of the MCN, 
a detailed mapping of the fascicles inside the nerve at different 
levels, could improve the results of MCN grafting or neurotization 
by anastomosing the correct fascicles and precluding axonal 
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misrouting.

Previous studies have primarily focused on determining the 
number of primary motor trunks as well as the characterization 
of their exit points from the MCN rather than the number of 
terminal branches of each motor nerve [7,8]. However, the 
intraneural distribution of the MCN has not been adequately 
addressed. Given the importance of a thorough knowledge of the 
MCN anatomy in successful surgical treatment of EFS and MCN 
injury, the current study was aimed to gain additional insights 
into the MCN branching pattern focusing primarily on its relation 
to the coracobrachialis, biceps brachii and brachialis muscles. The 
other important aspect of the study was addressing in depth the 
MCN intraneural distribution.

Materials and Methods
The study was performed on 20 arms (12 left and 8 right) 
procured from 15 human cadavers (4 males and 11 females). 
The cadavers were received through Saint Louis University (SLU) 
School of Medicine Gift Body Program from individuals who had 
given their written informed consent. The arms were cut from the 
midpoint of the clavicle to include the scapula and the shoulder 
joint. Nineteen arms were preserved with a mixture of ethylene 
glycol and isopropyl alcohol and one arm was un-embalmed. In 
each specimen, the arm length was measured from the coracoid 
process to the medial epicondyle. The MCN was exposed through 
an incision along the deltopectoral groove extended along the 
medial side of the arm to the cubital fossa. The pectoralis major 
and minor were cut and reflected.

Dissections were performed from proximal to distal using a 
3.5 x loupe magnification. The origin of the MCN from the 
lateral cord was identified and the nerve was followed distally 
through the coracobrachialis until its termination as the lateral 
cutaneous nerve of the forearm. Branches of the MCN to the 

coracobrachialis, biceps and brachialis were identified and the 
number of primary, secondary, and terminal branches to each 
muscle were recorded. The distance from the coracoid process 
to the exit point of the first motor branch of the MCN to each 
muscle was then measured and expressed as a percentage of the 
distance from the coracoid process to the medial epicondyle to 
account for a variation in the arm’s length. 

To assess the MCN intraneural distribution, each branch was 
followed proximally using intraneural dissection, excising the 
outer nerve sheath and dissecting the nerve branch proximally, 
until the origin of the MCN was reached. Photographs were taken 
using a Canon EOS Digital Rebel XT camera and diagrams of the 
branching pattern of all the specimens were constructed. The 
relative positions of the fascicles were plotted on cross section 
diagrams of the MCN. For descriptive purposes, the cross-section 
diagram was divided into 8 equal segments: anterior, posterior, 
lateral, medial, anterolateral, anteromedial, posterolateral 
and posteromedial. The intraneural distribution of the MCN 
was described at three levels: proximally, at its origin from the 
lateral cord, in the middle, after the emergence of the branch to 
coracobrachialis, and distally after the emergence of the branches 
to biceps muscle.

Results
The arm length of the specimens studied averaged 29.7+2.64 cm, 
and ranged from 26 to 36 cm. In 19 specimens (95%) the MCN 
pierced through the coracobrachialis muscle (CBM) and then 
descended between the biceps and brachialis muscles. It then 
travelled distally along the lateral border of the biceps brachii as 
the lateral cutaneous nerve of the forearm (LCNF). The average 
distance from the coracoid process to the emergence of the first 
motor branches of the MCN and the percent of the specimens 
that have one, two or three motor trunks to each muscle are 
shown in Table 1. 

Table 1: Location of the MCN motor branches and the number of motor trunks.

Muscle

Average distance from coracoid 
process to exit of first motor 

branch

Number of motor trunks and % 
of specimens

Notes
Measurement 

(cm) % of arm length One Two Three

CBM 4.94+1.67§ 16.72+6.25 40% 35% 5%

- CBM was supplied solely by two branches from the lateral cord in 
one specimen (5%), and in another specimen (5%), the MCN did not 
perforate the CBM and no branches were observed arising from the 

primary trunk. 
- CBM was supplied by an additional branch from the lateral cord in 

6 specimens (30%), and from the median nerve in one (5%).

BB 13.20+2.35 44.4+7.06 17 (85%) 3 (15%)* 0% -  An average of 3.3 secondary and 5.5 terminal branches supplied 
the biceps. 

BR 17.52+1.85 59.1+6.1 100% 0% 0% - An average of 2.6 secondary and 3.8 terminal branches supplied 
the brachialis.

*In two specimens, the proximal branch innervated the short head and the distal branch innervated the long head of the biceps brachii muscle. The 
average distance between them was 2.5 cm. In the remaining specimen, one branch bifurcated into two secondary branches to individually innervate 
both heads of the biceps, and an additional branch innervated the common belly. CBM= coracobrachialis muscle, BB= Biceps brachii muscle, BR= 
Brachialis muscle, §Values are mean ± SD.
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A communicating branch between the MCN and median nerve 
(MN) was found in 3 specimens (15%). The communicating branch 
was located distal to the point of entry into the CBM and at an 
average distance of 11.6 cm from the coracoid process (39% of the 
arm length). In the majority of specimens, the coracobrachialis 
fascicles were located in the anterior and anterolateral segments 
at the proximal level; the biceps fascicles were located mainly 
in the lateral and posterolateral segments at the proximal and 
middle levels; the brachialis fascicles were located mainly in 

the posterior and posteromedial segments at the proximal and 
middle levels, and the LCNF fascicles were located mainly in the 
medial and anteromedial segments at the proximal and middle 
levels of the MCN. Distally, after the MCN gives off the branches 
to the biceps brachii muscle, the brachialis fascicles were located 
in the medial and posteromedial segments and the LCNF fascicles 
were located in the lateral and posterolateral segments. The 
fascicular distribution of the MCN at each level is demonstrated 
in Table 2 as well as the (Figures 1 and 2).  

Table 2: Percentage of fascicular distribution of the MCN motor and sensory branches at the proximal, middle, and distal levels.

Location
Anterior Antero-

lateral Lateral Postero-
lateral Posterior Postero-

medial Medial Anetro-
medialLevel

Proximal CBM*35%
BB 20% CBM*40% BB 45%

BR 10%
BB 35%
BR 5% BR 40% BR 45%

LCNF 5% LCNF 70% CBM* 5%
LCNF 25%

Middle BB 20%
LCNF 20% BB 10% BB 35%1 BB 35%

BR 15% BR 40% BR 45%
LCNF 20% LCNF 20% LCNF 40%

Distal - LCNF 5% LCNF 80% LCNF 15% - BR 5% BR 95% -

*CBM fascicles were not found in the MCN in 20% of specimens. CBM=coracobrachialis muscle, BB=Biceps brachii muscle, BR=Brachialis muscle.

Figure 1: Anterior view of a dissected right arm (A) demonstrating the MCN branching pattern consistent with type I of Le Minor classification 
[14]. The typical Type I branching pattern of the MCN was found in 17 specimens (85%). B: Diagram of the branching pattern with the 
distance of the exit point of each nerve from the coracoid process. The branch to the coracobrachialis (CBr) arises at 6 cm, the branch 
to the biceps (BB) arises at 10 cm and the branch to the brachialis (BR) arises at 16 cm. C: Cross sections of the intraneural distribution 
at proximal, middle and distal levels (top to bottom). Top: Cross section at the proximal level shows the coracobrachialis fascicles (CBr) 
anterolateral, biceps fascicles (BB) lateral and posterolateral, brachialis fascicles (BR) posteromedial, and the LCNF fascicles (L) medial 
and anteromedial. Middle: Cross section at the middle level shows biceps fascicles lateral, brachialis fascicles posterior, and the LCNF 
fascicles medial. Bottom: Cross section at the distal level shows the brachialis fascicles medial and the LCNF fascicles lateral.
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Discussion
In its classical description, the MCN pierces the CBM to descend 
along the biceps and brachialis muscles, and then continues along 
the forearm as the LCNF. In the current study, one specimen (5%) 
was identified where the MCN did not pass through the CBM 
but rather was located medial to it. Similar cases of the MCN 
not penetrating the CBM have been previously reported with an 
incidence ranging from 6 to 17% [9-11]. The MCN is usually the 
sole nerve supply to CBM, but it has been reported previously 
that a branch from the lateral cord, lateral root of the MN or MN 
may supply the CBM [11-14]. In the current study, it was found 
in one specimen (5%) that the CBM was supplied solely by two 
branches from the lateral cord. Additionally, in 6 specimens (30%), 
the CBM was supplied by the MCN and an additional branch from 
the lateral cord. 

In previous studies, different reference points were used to 
determine the location of the motor branches to the elbow flexor 
muscles, which makes comparison of the respective data difficult 
[7,8]. In the present study, the point of origin of each nerve was 

measured from the coracoid process and was expressed as a 
percentage of the arm length measured between the coracoid 
process and the medial epicondyle. The results of the current 
study are, in general, in agreement with the MCN branching 
patterns described in [7] where the similar measurement 
method was used. Therefore, the most proximal motor branch 
to the coracobrachialis, and biceps muscles emerged from the 
MCN at an average of 4.94+1.67 cm (16.72%+6.2 of arm length) 
and 13.2+2.35 cm (44.4%+7.06 of arm length) from the coracoid 
process, respectively. The brachialis was exclusively supplied by a 
single branch arising from the MCN that emerged at an average 
distance of 17.52+1.85 cm from the coracoid process (59.1%+6.1 
of arm length). Hence, based on these data, it is recommended 
that in the EFS related surgical procedures, an incision between 
17% and 60% of the arm length would be necessary to fully 
expose the MCN branches.

The terminal branching pattern of each motor nerve to the biceps 
and brachialis muscles has not been adequately addressed in 
the literature despite such knowledge is important for surgeons 
performing selective partial neurectomy for EFS treatment [15]. 

Figure 2: Anterior view of a dissected right arm (A) demonstrating the MCN branching pattern consistent with type II of Le Minor classification 
[14]. This type was found in 3 specimens (15%). B: Diagram of the branching pattern. A communicating branch (CM) arises from the 
MCN at 10 cm from the coracoid process distal to the coracobrachialis muscle. C: Cross sections of the intraneural distribution at 
proximal, middle and distal levels (top to bottom). Top: Cross section at the proximal level shows biceps fascicles (BB) lateral and 
anterolateral, brachialis fascicles (BR) posterior, and the LCNF fascicles (L) medial and posteromedial. The communicating branch 
(CM) is located anteromedial. Middle: Cross section at the middle level shows the biceps fascicles lateral and anterolateral, brachialis 
fascicles posterior, and the LCNF fascicles medial and posteromedial. The communicating branch is located anteromedial. Bottom: 
Cross section at the distal level shows the brachialis fascicles medial and the LCNF fascicles lateral.
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There is a common agreement in the field that a partial neurectomy 
must include the sectioning of 50–80% of all branches to a targeted 
muscle for it to be effective [3]. Only one study [15] reported an 
average number of terminal branches of 7.9 and 6.5 dedicated to 
the biceps and the brachialis muscles, respectively. In the present 
study, the number of terminal branches to the biceps brachii and 
brachialis muscles were found to be significantly lower with an 
average of 3.3 secondary and 5.5 terminal branches supplying 
the biceps and an average of 2.6 secondary and 3.8 terminal 
branches supplying the brachialis. One possible explanation for 
this discrepancy is the previously mentioned study might have 
included the number of the secondary branches in addition to 
the terminal branches.

Variations in the MCN anatomy have been reported in several 
publications [14,16-19]. For instance, in the report from Le Minor 
[14], the MCN variations were divided into five types. Using that 
approach in the present study, type I, the most typical branching 
pattern, was found in 17 specimens (85%). Type II, representing 
one communicating branch between the MCN and MN, was 
found in 3 specimens (15%) arising at an average distance of 
11.6 cm from the coracoid process (39% of arm length) and distal 
to the point of entry into the CBM. Types III, IV, and V were not 
found in the current study. The communicating branches were 
reported to be present in 8% to 53.6% of specimens and have 
been grouped into various categories [16,19-26]. Based on 
Venieratos classification [19], all of the communicating branches 
in the present study were classified as type II, where the 
communicating branch was distal to the point of MCN entry into 
the CBM. Also, all the communicating branches were directed 
from the MCN proximally to the MN distally, which is consistent 
with the findings of Guttenberg and Ingolotti [16]. 

There is also a paucity of the data in the literature describing 
the MCN intraneural distribution [27-29]. One such report [27] 
examined the MCN topography by using histochemical staining 
where it was found that the fascicles of the branches to the 
biceps, brachialis, and LCNF were constantly located from lateral 
to medial at proximal and distal levels. In the present study, to 
better ascertain the MCN intraneural distribution, each branch 
was followed proximally using intraneural dissection until the 
origin of the MCN was reached to identify the relative position of 
the fascicular groups at three different levels: proximal, middle, 
and distal. It was concluded thereafter that the lateral half of 
the MCN proximally, and the medial half of the MCN distally, 
would be the preferred sites for any motor nerve transfer. Such a 
conclusion could be viewed as the most accurate because it was 
based on the largest number of specimens studied so far. Using 
such knowledge to modify the existing surgical techniques of the 
MCN neurotization with a mixed nerve, such as the intercostal 
nerve, may improve the respective outcome.

Conclusion
The MCN branches to the coracobrachialis, biceps, and brachialis 
muscles arise respectively at a distance from the coracoid process 
that respectively corresponds to approximately 17%, 45%, and 
60% of the distance between the coracoid process and the medial 

epicondyle. Additionally, using twenty specimens, we have 
confirmed that while the sensory fascicles are located laterally 
and the brachialis fascicles are located medially at the distal level, 
the sensory fascicles are located medially and the fascicles to the 
coracobrachialis, biceps, and brachialis are located laterally at 
the proximal level. Based on the data obtained, the lateral half of 
the proximal and middle levels and the medial half of the distal 
level of MCN are the preferred sites for any motor nerve transfer. 
The reported findings could be important for the development of 
more efficient microsurgical procedures for EFS treatment as well 
as for MCN neurotization.
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