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Objective To demonstrate the sonoanatomy of the medial antebrachial cutaneous nerve (MACN) in the elbow
region using high-resolution ultrasonography (HRUS) to identify areas at a high risk of MACN injury.

Methods A total of 44 arms were included in the study. In the supine position, the participants’ arms were
abducted 45° with the elbow fully extended. The MACN was visualized in the transverse view. The anterior
branch of the MACN (ABMACN), posterior branch of the MACN (PBMACN), and location of the branching sites
were determined. The distance between the ABMACN and superficial veins, including the basilic vein (BV) and
median cubital veins (MCV) was measured. For the PBMACN, the distance to the ulnar nerve (UN) and to BV were
measured.

Results The MACN was subdivided into 2.18+1.00 branches, including ABMACN and PBMACN. The ABMACN
and PBMACN were subdivided into 1.60+0.78 and 1.07+0.25 branches, respectively. The branching point of
the MACN was 8.40+2.42 cm proximal to the interepicondylar line (IEL). We demonstrated that the ABMACN is
located close to the BV and MCV in the elbow region, and the PBMACN was located approximately 1 cm and 0.8
cm anterior to the UN and posterior to the BV at the IEL level, respectively.

Conclusion Considering the location of the MACN, including ABMACN and PBMACN, clinicians can perform
invasive procedures around the elbow region more carefully to lower the risk of MACN injury.
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INTRODUCTION a pure sensory nerve that innervates the distal antero-
medial arm, antecubital fossa, posterior olecranon, and
The medial antebrachial cutaneous nerve (MACN) is  anteromedial forearm [1]. The MACN arises from the me-
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dial cord or lower trunk of the brachial plexus and mainly
consists of C8 and T1 nerve root fibers [1-3]. In the axilla,
the MACN is located atop the axillary artery and vein,
which is near the median and ulnar (UN) nerves [4]. In
the arm, the MACN courses between the brachialis and
triceps brachii muscles, and becomes subcutaneous
at the distal or mid-brachial level running close to the
basilic vein (BV) [1,3-5]. Between the mid- and lower
thirds of the arm, the MACN passes the basilic hiatus with
the BV and commonly divides into the anterior branch
(ABMACN) and posterior branch (PBMACN) [1,2,6-8].
After piercing the brachial fascia at the elbow, the AB-
MACN anteriorly crosses the elbow between the biceps
tendon and medial epicondyle (ME) [1,9]. Meanwhile,
the PBMACN runs medial to the BV and crosses the el-
bow posteriorly toward the medioposterior aspect of the
forearm [1,5,8]. Reportedly, the distance of the PBMACN
from the ME varies and the PBMACN can be located 6 cm
proximal or 4 cm distal to the ME [1].

MACN can be injured due to various iatrogenic invasive
procedures around the elbow. ABMACN injuries may
occur during venous puncture (such as that of the BV or
median cubital vein [MCV]) [10-12]. PBMACN is at risk
of damage in cubital tunnel surgery [11,13-16], elbow
arthroscopy [17,18], open elbow surgery [19], and steroid
injection for medial epicondylitis [20]. A study has also
reported on the risk to PBMACN during routine venous
puncture [12]. Therefore, identifying the location of the
MACYN, including all distal branches, such as the AB-
MACN and PBMACN, around the elbow is necessary for
avoiding injury during a procedure.

Limited ultrasonographic studies have reported about
MACN [4,8,11,21]. Moreover, in these studies, the course
of the MACN branches could not be described in detail
because they were not traced as distally as the elbow,
where the risk of injury was high. Specifically, no previ-
ous study has observed the PBMACN using ultrasonog-
raphy. Therefore, in this study, we have described the
anatomical location of the MACN, including its branches
(ABMACN and PBMACN), using ultrasonography; fur-
ther, we have suggested a high-risk zone susceptible to
MACN injury around the elbow.
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MATERIALS AND METHODS

Participants

Healthy adult volunteers were prospectively recruited
from February 2021 to February 2022. Volunteers with a
history of cervical radiculopathy, peripheral neuropathy,
upper extremity trauma, or medical conditions associ-
ated with peripheral polyneuropathy were excluded.
Baseline data such as age, sex, height, weight, arm length
(distance from the acromion to the interepicondylar line
[IEL]), and IEL length were collected.

Each participant was informed of the study protocols
and all provided informed consent. This study was ap-
proved by the Institutional Review Board of Korea Uni-
versity Guro Hospital (IRB No. 2020GR0360).

Ultrasonographic measurements

The arms were scanned using high-resolution ultra-
sonography (HRUS) (RS80A; Samsung Medison, Seoul,
Korea) with a 3-16 MHz linear array transducer. A reha-
bilitation physician performed all ultrasonographic ex-
aminations (Kim JM).

The participants were examined in the supine position,
with the arm abducted at 45° and elbow fully extended.
The MACN was visualized in short-axis view. After iden-
tification of the MACN at the axillary level, it was traced
distal to the IEL. Each branch (ABMACN and PBMACN)
was identified, and the location of the branching site was
determined. For tracing the ABMACN and PBMACN, the
probes were placed parallel and perpendicular to the
IEL, respectively. We quantified the positional relation-
ship between the MACN and major structures at the level
of the IEL and 4 cm proximal to the IEL (IEL+4 cm).

Furthermore, we identified the location of the ABMACN
at the IEL level, distance from the BV and MCV to the
ABMACN at the IEL level, and distance from the UN or
BV to the PBMACN at the IEL and IEL+4 cm levels. Fig.
1 illustrates each representative ultrasonographic view
used for the measurement. When measuring the distance
between the structures, the shortest distance from the
closest edge point was measured along the mediolateral
and anteroposterior axes.

Statistical analysis
All statistical analyses were performed using IBM SPSS
Statistics version 26 (IBM Corp., Armonk, NY, USA). Data
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normality was assessed using the Kolmogorov-Smirnov
and Shapiro-Wilk tests. Depending on whether the data
were normally distributed, quantitative data were pre-
sented as meanzstandard deviation or median with in-
terquartile range (IQR). Qualitative data were reported as
frequencies and percentages. Statistical significance was
set at p<0.05.

RESULTS

In total, 44 arms of 22 healthy adults were included in
the study. The general characteristics of the participants
are listed in Table 1. On the transverse scan, the MACN
appeared as a rounded, hyperechoic fascicle. At the axil-
lary and proximal arm levels, the MACN ran distally with
the BV, axillary or brachial artery, median nerve, and UN.
At the mid-arm level, the MACN was located near the BV
and branched into the ABMACN and PBMACN. At the
distal arm level, the ABMACN was located on the antero-
medial elbow, while the PBMACN coursed toward the
ME or UN.

Despite observing the MACN from the axilla to mid-
arm level in all participants using the HRUS, tracing it to
the IEL level was difficult in 3 of the 44 arms because the
diameter of the MACN became too small to be detected.
The ABMACN and PBMACN were detected distal to the
IEL level in 30 of the 44 arms. In four arms, tracing the
ABMACN to the IEL level was not possible. In 14 arms,
the PBMACN could not be traced to the IEL level. The
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Fig. 1. Ultrasound image of (A) the
ABMACN at the IEL+4 cm level,
(B) the ABMACN at the IEL level,
(C) the PBMACN at the IEL+4 cm
level, and (D) the PBMACN at
the IEL level. ABMACN, anterior
branch of the medial antebrach-
ial cutaneous nerve; BV, basilic
vein; IEL, interepicondylar line;
IEL+4 cm, 4 cm proximal to the
interepicondylar line; ME, medial
epicondyle; MN, median nerve;
PBMACN, posterior branch of the
medial antebrachial cutaneous
nerve; MCV, median cubital vein;
TB, triceps brachii; UN, ulnar
nerve.

Posterior

IEL

Table 1. General characteristics of the healthy volunteers
(n=22, 44 arms)

Characteristic Value

Sex

Male 6 (27.3)

Female 16 (72.7)
Age (yr) 44.1£15.0
Height (cm) 162.0+8.2
Weight (cm) 59.749.1
Body mass index (kg/m?) 22.7+2.9
Upper arm length (cm) 26.3+1.7
Interepicondylar line length (cm) 11.2+1.4

Values are presented as number (%) or mean+standard
deviation.

average number of MACN branches was 2.18+1.00; the
ABMACN had 1.60+0.78 branches, whereas the PBMACN
had 1.07+0.25 branches. The MACN branched into AB-
MACN and PBMACN at a mean distance of 8.40+£2.42 cm
proximal to the IEL.

The positional relationship between the ABMACN and
its major structures is summarized in Table 2. The AB-
MACN was located near the BV at the IEL+4 cm level. At
the IEL level, it was located near the BV or MCV.

The positional relationship between the PBMACN and
the major structures is described in Table 3. The PB-
MACN was located at a median distance of 1.11 cm (IQR,
0.4-1.8 cm) anterior to the UN, which is generally located
just posterior to the ME in the elbow region.
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Table 2. Positional relationship between the ABMACN and major structures (n=40 arms)”

Value
IEL+4 cm level
ABMACN depth from the skin (cm) 0.71 (0.05-0.97)
Location of the ABMACN from the BV (cm)
Mediolateral (lateral+/medial-) 0.00 (0.00-0.00)
Anteroposterior (anterior+/posterior-) 0.00 (0.00-0.00)
IEL level
Location of the ABMACN from the ME (lateral+/medial-) (cm) 2.35(1.50-3.45)
ABMACN depth from the skin (cm) 0.53(0.36-0.63)
Location of the ABMACN from the BV (cm)
Mediolateral (lateral+/medial-) 0.35 (0.00-0.95)
Anteroposterior (anterior+/posterior-) 0.00 (0.00-0.65)
Location of the ABMACN from the MCV (cm)
Mediolateral (lateral+/medial-) 0.00 (-1.20-0.00)
Anteroposterior (anterior+/posterior-) 0.00 (0.00-0.00)

Values are presented as median (interquartile range).

ABMACN, anterior branch of the medial antebrachial cutaneous nerve; BV, basilic vein; IEL, interepicondylar line;
IEL+4 cm, 4 cm proximal to the interepicondylar line; MACN, medial antebrachial cutaneous nerve; ME, medial epi-
condyle; MCV, median cubital vein.

“Of the 44 arms, 4 were excluded because tracing the ABMACN to the IEL level was not possible.

Table 3. Positional relationship between the PBMACN and major structures (n=30 arms)®

Value
IEL+4 cm level
PBMACN depth from the skin (cm) 0.86 (0.60-1.00)
Location of the PBMACN from the UN (cm)
Mediolateral (lateral+/medial-) 0.00 (-0.18-0.00)
Anteroposterior (anterior+/posterior-) 0.79 (0.37-1.40)
Location of the PBMACN from the BV (cm)
Mediolateral (lateral+/medial-) 0.00 (0.00-0.00)
Anteroposterior (anterior+/posterior-) 0.00 (-0.63-0.00)
IEL level
PBMACN depth from the skin (cm) 0.66 (0.43-0.89)
Location of the PBMACN from the UN (cm)
Mediolateral (lateral+/medial-) -0.16 (-0.35-0.00)
Anteroposterior (anterior+/posterior-) 1.11 (0.37-1.79)
Location of PBMACN from the BV (cm)
Mediolateral (lateral+/medial-) 0.00 (0.00-0.00)
Anteroposterior (anterior+/posterior-) -0.80 (-1.27-0.00)

Values are presented as median (interquartile range).

BV, basilic vein; IEL, interepicondylar line; IEL+4 cm, 4 cm proximal to the interepicondylar line; PBMACN, posterior
branch of the medial antebrachial cutaneous nerve; UN, ulnar nerve.

“Of the 44 arms, 14 were excluded because tracing the PBMACN to the IEL level was not possible.

188 Www.e-arm.org



High-Risk Zone of Medial Antebrachial Cutaneous Nerve Injury at Elbow

DISCUSSION

We observed the MACN and its branches (ABMACN
and PBMACN) in the elbow region of healthy volunteers
using HRUS. To the best of our knowledge, only a few
original studies have focused on MACN using ultrasound
[8,21]. However, in these previous studies, the main ana-
tomical structure of interest differed from those in our
study because they did not focus on invasive procedures
in the elbow region. Thallaj et al. [8] focused on identify-
ing the MACN at the mid-arm level for ultrasound-guid-
ed MACN blockade. Oh et al. [21] focused on identifying
the ideal electrical stimulation site of the MACN in the
distal arm, specifically the distance between the MACN
and median nerve. Although two other studies reviewed
methods of observing MACN by ultrasonography [4,11],
these mainly qualitatively described the examination
methods at the arm level. Thus, this study is the first ul-
trasound study to quantitatively investigate the positional
relationship between MACN branches and major land-
marks in the elbow region, where MACN injury frequent-
ly occurs.

As previous cadaveric studies have demonstrated, the
course and number of MACN branches are highly vari-
able [1,3,5-7]. Tanaka and Lourie [5] suggested that the
PBMACN can be subdivided into 1-4 branches (mean,
2.07). Li et al. [6] demonstrated that the MACN was di-
vided into two primary nerve branches (anterior and
posterior) in 23 of 24 specimens, whereas single trunk
was observed in one specimen. They also suggested that
the ABMACN projected into 7-10 branches, whereas the
PBMACN projected into 10-12 secondary branches. Race
and Saldana [3] suggested that the MACN was distributed
into 1-3 branches anteriorly innervating the proximal
medial forearm, whereas 3-7 branches passed posterior-
ly, close to the cubital tunnel. In a cadaveric study by Ma-
noukov et al. [7], the PBMACN was detected in all cases,
with an average of 1.32 secondary branches. In our study,
the average number of MACN branches was 2.18+1.00,
the number of secondary branches of the ABMACN was
1.60£0.78, and that of the secondary branches of the
PBMACN was 1.07+£0.25. Fewer MACN branches were
detected in our study than in previous cadaveric studies.
This is because relative to the observation with naked eye
during direct dissection, observing the distal branches
of the MACN with HRUS is more difficult because it be-

comes too thin to be detected.

Masear et al. [1] demonstrated that the ABMACN and
PBMACN become distinct at a mean distance of 14.5 cm
proximal to the ME. Race and Saldana [3] reported that
the MACN gave branches at a distance of 4-6 cm proxi-
mal to the ME in 60% of the specimens and further split
into 5-8 branches at 2 cm proximal to the ME. Tanaka
and Lourie [5] suggested that the MACN was subdivided
at a mean distance of 6.35 cm proximal to the ME. Sin et
al. [22] dissected 29 upper extremities and demonstrated
that the MACN divided into two branches at 10.83+6.27
cm proximal to the ME. Consistent with these previous
studies, in our study, the MACN subdivided at a mean
distance of 8.40+2.42 cm proximal to the IEL. Therefore,
the examination and procedure should be performed
keeping in mind that the branching of the MACN starts
from the mid-arm level.

Sin et al. [22] suggested that the MACN is located
2.86%0.69 cm laterally from the ME at the IEL level. Simi-
larly, our study demonstrated that the horizontal dis-
tance between the ABMACN and the ME at the IEL level
was 2.35 cm (IQR, 1.50-3.45 cm). Considering this, the
location of the ABMACN can be estimated using the dis-
tance from the ME. This may be useful in patients whose
BV or MCV, which were demonstrated to be located near
the ABMACN (Table 2) are not visible to the skin with the
naked eye. Therefore, this finding can help lower the risk
of ABMACN injury during procedures such as vein sam-
pling around the elbow region.

In a cadaveric study, Manoukov et al. [7] investigated
the relationship between the PBMACN and other major
anatomical landmarks. However, their measurement
method was different from that used in this study. First,
the authors focused on PBMACN injury during cubital
tunnel surgery and studied cadavers in the elbow flexed
position (at 45° and 90°). Second, they measured the
distance of interest at the forearm level using a line ex-
tending from the ME to the distal radioulnar joint. They
measured two distances: (1) between the PBMACN and
ME and (2) between the PBMACN and UN. However,
since our study was an ultrasonographic study and not a
cadaveric study, it was difficult to trace the MACN down
to the forearm level, so we only observed the MACN
branches as distal as the IEL level. In addition, since both
the ABMACN and PBMACN had to be localized using
nearby landmarks (ME, BV, etc.), the participants’ elbow
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was fully extended to ensure the consistency of this pro-
cess.

This study has some limitations. Considering that the
MACN has frequent anatomical variations, our sample
size may have been insufficient, although it was larger
than that in previous ultrasonographic studies. There-
fore, further studies should include a larger sample size.
In our study, the ultrasound examination was performed
only when the elbow was fully extended. If the examina-
tion is performed with the elbow in a flexed position,
subluxation or dislocation of the ulnar nerve could occur;
however, this was not considered in our study. Manou-
kov et al. [7] suggested that when the elbow was flexed
90°, the incision site in cubital tunnel release surgery was
distant from the PBMACN. However, when the elbow was
flexed 45°, the incision site crossed the MACN location,
increasing the risk of injury. Therefore, in future stud-
ies, dynamic values based on the degree of elbow flexion
should be measured for the PBMACN to obtain more
clinically practical and valuable results, as cubital tunnel
surgery or injection is usually performed with the elbow
flexed.

In conclusion, our study is the first to demonstrate
that the course of the MACN can be traced distally to the
interepicondylar level. The relative locations of the AB-
MACN and PBMACN with the adjacent BV, UN, and ME
were identified using HRUS. Based on our findings, clini-
cians can perform invasive procedures around the elbow
region more carefully and lower the risk of MACN injury.
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