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Objective To determine an ideal stimulation site of the medial antebrachial cutaneous nerve (MACN) using
ultrasound measurement and to compare the efficiency of the new stimulation site with the conventional
stimulation site on the nerve conduction study.

Methods Both arms of 15 healthy participants were measured using ultrasound. The MACN was identified in
the transverse view at each 0, 2, 4, 6, and 8 cm proximal sites from the medial epicondyle, and the distances to
the median nerve and to the skin from the MACN were measured. The ideal stimulation site should be located
at the level which can give the shortest distance from the skin and the longest distance from the median nerve in
terms of volume conduction. To confirm the efficiency of the ideal site, we measured the amplitude of the MACN
conduction study at the ideal site against one at the 4 cm proximal to the medial epicondyle (conventional site).
Results The ultrasound showed the ideal stimulation site for the MACN could be the elbow crease line. However,
the nerve conduction study revealed that the amplitudes of the MACN were significantly larger at the 4 cm
proximal to the medial epicondyle compared with ones at the ideal site.

Conclusion The ideal stimulation site based on the ultrasound did not permit better stimulation site for the nerve
conduction study of the MACN compared with the conventional site. Careful adjustment of the stimulation site on

the basis of this study would contribute to an accurate conduction study of the MACN.
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INTRODUCTION

The medial antebrachial cutaneous nerve (MACN)
originated from the medial cord and was derived from
segments C8 and T1 [1-5]. At the arm, the MACN coursed
distally until it pierces the deep fascia 10 cm above the
medial epicondyle and divided into anterior and poste-
rior branches providing the sensory supply of the medial
aspect of the forearm [2-4]. Sensory-nerve conduction
study of the MACN has been commonly used for the
evaluation of brachial plexopathy, neurogenic thoracic
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outlet syndrome, or nerve injury of the upper extremity
[2,3,6-10]. Antidromic sensory conduction study was the
standard method, where the stimulation was given at or
above the elbow, and the sensory nerve action potential
(SNAP) was picked up over the forearm [10]. Various
methods were suggested about the stimulation sites of
MACN in several articles and literature, from the medial
elbow to the 5 cm proximal of the medial epicondyle
[2,6,10-13]. The most commonly used method was pub-
lished by Ma et al. [14]. The stimulation site was recom-
mended that it be located 4 cm proximal to the medial
epicondyle in the groove overlying the neurovascular
bundle between anterior and posterior muscle compart-
ments of the arm [14,15].

The MACN conduction study sometimes required more
careful technique compared with other nerves because
it was quite easy to co-activate the nearby median nerve
with volume-conducted potentials, overwhelming the
small sensory response [14,15]. However, there has never
been a proper investigation into the ideal stimulation site
of the MACN or the comparison between the stimulation
sites.

We hypothesized that the ideal stimulation site of the
MACN may be the point that was sufficiently satisfied
nearby the skin and far from the median nerve. The pur-
poses of this study were to determine the ideal stimula-
tion site of the MACN using ultrasound measurement
and to compare the efficiency of the new stimulation
site with that of the conventional stimulation site on the
nerve conduction study.

MATERIALS AND METHODS

Subjects

This study was approved by the Institutional Review
Board of the Incheon St. Mary’s Hospital. All partici-
pants provided informed consent in accordance with the
guidelines of the ethics committee.

Fifteen healthy participants were recruited internally
through advertisements. Presence of the following con-
ditions excluded participation from the study: history of
trauma of the arm, previous surgery to the cervical spine,
shoulder or upper extremity, cervical radiculopathy,
brachial plexopathy, thoracic outlet syndrome, periph-
eral neuropathy including peripheral nerve entrapment,
polyneuropathy, and dermatologic lesions that might

interrupt the examination of the ultrasound or the nerve
conduction study.

Methods

Ultrasound measurement

Ultrasound scans of all subjects were performed using
a Philips HD11XE ultrasound system with a 5-12 MHz
linear transducer (Philips Medical System, Cleveland,
OH, USA). Thirty arms from 15 healthy participants were
examined. One physiatrist, who had experience with
peripheral nerve ultrasound, conducted the examina-
tion. In supine position, the arm was 45° abducted and
externally rotated with full elbow extension for the dura-
tion of the ultrasound scan, which was approximately
15 minutes at each side. The MACN was identified in a
cross-sectional view at the mid-arm level (Fig. 1). Sub-
sequently, the nerve was tracked in a distal direction
until its division (anterior and posterior branches). The
distance from the division point to the medial epicondyle
was measured. The MACN or the anterior branch of the
MACN was scanned in the short axis view at each 0, 2,
4, 6, and 8 cm proximal sites from the elbow crease line,
and the distances to the median nerve and to the skin
from the MACN were measured (Fig. 2). The ultrasound

Fig. 1. Ultrasound illustration of the MACN and the adja-
cent anatomy at 6 cm proximal to the medial epicondyle
in a 33-year-old man. Left side of the image is radial (lat-
eral) side of the arm. MACN, medial antebrachial cuta-
neous nerve; MN, median nerve; BA, brachial artery; BV,
basilic vein; BF, brachial fascia.
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Fig. 2. Ultrasound image illustrated the MACN at 0, 4, and 8 cm proximal to the medial epicondyle in a 28-year-old
healthy woman. Cross sectional view at the elbow crease line (A), 4 cm (B), and 8 cm (C) proximal site from the medial
epicondyle. The distance between to the median nerve (+-+) and to the skin (x-x) from the MACN were measured. To
avoid pressure to the skin, we applied the ultrasound probe lightly over the skin with enough transducer gel. MACN,

medial antebrachial cutaneous nerve.

transducer was applied lightly over the skin with enough
transducer gel to avoid pressure to the skin. Finally, the
MACN was kept in the center of the field-of-view of the
ultrasound image at the elbow crease line, and then we
marked this point and measured the surface distance
between the MACN and the medial epicondyle. After
measuring these parameters of an arm, we determined
an ideal stimulation site of the MACN at each arm on the
basis of our hypothesis.

MACN conduction study

After ultrasound measurement, sensory nerve conduc-
tion studies of the MACN were conducted. The skin tem-
perature measured at the forearm was maintained at 32°C
or above throughout the examination. We compared the
MACN conduction studies of the two stimulation sites—
an ideal site according to our ultrasound findings and
the conventional stimulation site on 4 cm proximal to the
medial epicondyle.

We used the two-step method established by Higashi-
hara et al. [10] for determining the best recording po-
sition for the standard antidromic nerve conduction
study. For the two-step examination, we first performed
an orthodromic MACN conduction study only for the
purpose of the determination of the optimal active elec-
trode position, by reversing the stimulating and record-
ing electrodes of the antidromic method. We searched
for the optimal stimulation point over the forearm while
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monitoring the orthodromic SNAP so that the SNAP am-
plitude would become as large as possible with a very
weak stimulation (usually 10 mA with 0.05 ms duration).
We then reversed the electrodes and performed the anti-
dromic conduction study, recording right over the mini-
mal threshold point as determined above.

The SNAP was recorded 12 cm distal to the stimula-
tion site equally. The SNAP parameters were recorded
at the maximal current that the SNAP amplitude would
become as large as possible without volume-conducted
potentials. The latency was measured to negative peak of
the SNAP, and the amplitude was measured from peak to
peak.

Statistical analysis

Mean, standard deviation (SD), and range of the ultra-
sound parameters were calculated and expressed as
meantSD (range). Statistical differences of each segment
in the data of ultrasound were analyzed using repeated
measures ANOVA. The nerve conduction data were test-
ed for a normal distribution using the Shapiro-Wilk test
and the Kolmogorov-Smirnov test. The paired-samples
t-test was used to compare parametric data with a nor-
mal distribution, and the Wilcoxon signed-rank test was
used to compare nonparametric data with a non-normal
distribution. A p-value of 0.05 or less was considered sta-
tistically significant. Statistic analyses were performed
using SPSS software ver. 20.0 (IBM SPSS Inc., Armonk,
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NY, USA).
RESULTS

Fifteen healthy participants were nine men and six
women with a mean age of 31.3+4.3 years (range, 25-42
years). The mean body mass index was 22.8+3.0 kg/m”
(range, 17.2-27.7 kg/m®). The mean distance between the
median nerve and the MACN was 1.61+0.60 cm at 0 cm,
1.04+£0.53 cm at 2 cm, 0.8520.40 cm at 4 cm, 0.68+0.27 cm
at 6 cm, and 0.62+0.27 cm at 8 cm proximal site from the
elbow crease line (Fig. 3), and the mean distance from
the skin to the MACN measured 0.48%+0.19 cm at 0 cm,
0.70£0.20 cm at 2 cm, 0.83+0.31 cm at 4 cm, 0.94+0.39 cm
at 6 cm, and 0.98+0.41 cm at 8 cm proximal level from
the elbow crease line. The mean distance between the
MACN and the medial epicondyle at the elbow crease
line was 2.85+0.36 cm (range, 2.0-3.7 cm). The aver-
age distance from the medial epicondyle to the splitting
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Fig. 3. Ultrasound measurement at the elbow crease level
showed the shortest distance to the skin and the longest
distance to the median nerve (MN) from the medial ante-
brachial cutaneous nerve (MACN). MN-MACN, distance
between the MACN and the MN; Skin-MACN, distance
between the MACN and the skin. Statistical differences
of each segment in the data of ultrasound were analyzed
using the repeated measures ANOVA (p<0.001).
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Fig. 4. Electrophysiologic results of two stimula-
tion sites. (A) SNAP amplitude of the conventional
stimulation site showed larger than that of the elbow
crease stimulation site (p<0.001). There were no sig-
nificant differences in (B) maximal stimulation cur-
rent (p=0.087) and (C) SNAP peak latency (p=0.190).
Elbow crease, data on the elbow crease stimulation; 4
cm proximal, data on the conventional stimulation (4
cm proximal to the medial epicondyle); SNAP, sensory
nerve action potential. p-values were calculated using
the paired-samples t-test for continuous variables.
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of anterior and posterior branches of the MACN was
5.05+1.65 cm (range, 2.5-9.5 cm). Results from repeated
measures ANOVA revealed significant difference between
the distance from the skin to the MACN at each segment
we measured (Greenhouse-Geisser correction, p<0.001;
Huynh-Feldt correction, p<0.001). In addition, the mean
distance from the median nerve to the MACN between
each segment also showed significant difference (Green-
house-Geisser correction, p<0.001; Huynh-Feldt correc-
tion, p<0.001).

After the ultrasound measurement of 30 arms, the ideal
site of 29 arms was determined without doubt at the el-
bow crease line. In only one arm, the distance between
the median nerve and the MACN at the 8 cm proximal
site was 0.06 cm more farther than at the elbow crease
line, but the distance from skin to the MACN was also
0.69 cm more distant. Consequently, we chose the elbow
crease line for the ideal site of the above mentioned arm,
too.

There was statistically significant difference of the SNAP
amplitude between the two stimulation sites (paired-
samples t-test, p<0.001). The SNAP amplitudes of the
conventional stimulation site (17.04+5.03 V) were larger
than compared with the elbow crease stimulation site
(13.38+4.75 uV) (Fig. 4A). However, in the viewpoint of
the maximal currents, no significant difference was found
(p=0.087; the elbow crease stimulation site, 21.83 mA;
the conventional stimulation site, 23.12 mA) (Fig. 4B).
The peak latencies of the MACN were also similar in two
stimulation sites (p=0.190) (Fig. 4C).

DISCUSSION

In our study, the ideal stimulation site was determined
by two main factors—one was the site where the skin
thickness was most thin and the other was the site that
minimized the volume-conducted potentials. In previous
study performed by Hasanzadeh et al. [16], as the dis-
tance between surface electrode and underlying sensory
nerve increased, SNAP amplitude decreased, respective-
ly. It suggested that the skin thickness was a good predic-
tor of SNAP amplitude.

The median nerve, which was closest to the MACN
in the neurovascular groove, ran distally together with
MACN to the antero-medial elbow. Median nerve was
most likely occurred volume-conducted potentials when

840

WWWw.e-arm.org

the MACN was stimulated between the mid-upper arm
and elbow crease. For these reasons, we measured two
parameters—one was the distance between median nerve
and MACN and second was the distance between the
skin and MACN.

Also, co-activation of the musculocutaneous nerve cou-
1d occur during MACN conduction study. Musculocuta-
neous nerve arose from the lateral cord of the brachial
plexus. After piercing the coracobrachialis, the muscu-
locutaneous nerve descended along the lateral aspect of
the mid to lower upper arm passing obliquely between
the biceps and the brachialis muscles [17]. It was pos-
sible to co-activate the musculocutaneous nerve when
the stimulation site was above the mid-upper arm level.
In addition, the course of the MACN at the forearm was
difficult to predict because of interpersonal anatomical
variation. Thus, to obtain the MACN, we have acquired
parameters from the elbow crease line to the 8 cm proxi-
mal level above the medial epicondyle.

The ideal stimulation site of the MACN of 30 arms using
ultrasound measurement were determined at the elbow
crease line on the basis of comparative distances from
the MACN to the median nerve and to the skin. After that,
we compared the efficiency of the sensory nerve conduc-
tion studies of the MACN at both the elbow crease and
conventional stimulation site. We expected that this study
could clinically recommend more accurate stimulation
site in sensory nerve conduction study of the MACN.

Sensory conduction technique of the MACN was first
reported by Pribyl et al. [12] in 1979. He stimulated at 2-4
cm lateral point of the medial epicondyle and recorded
9-12 cm distally from the stimulation site. In other study
performed by Reddy [11], surface stimulation was done
over the medial aspect of the middle of the arm at a level
where the nerve pierced the deep fascia. Seror suggested
the antidromic and orthodromic conduction techniques
of the MACN [2]. For the antidromic technique, the an-
terior branch of the MACN was stimulated 2-3 cm above
or proximal to the medial epicondyle. The SNAP was
recorded 8-12 cm distally on the antero-medial aspect of
the forearm. For the orthodromic technique, the stimu-
lation and the recording sites were reversed. Also, vari-
ous methods were suggested about the stimulation sites
of the MACN in several articles and literature, from the
medial elbow to the 5 cm proximal of the medial epicon-
dyle [2,6,10-13]. However, there has never been a proper
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investigation into the ideal stimulation site of the MACN
or the comparison with other stimulation sites. Thus, we
conducted a study that determined the ideal stimulation
site of the MACN using ultrasound technique.

In ultrasound visualization of the MACN, the nerve was
seen in all participants as an oval to round hyperechoic
fibrillar structure below the brachial fascia. The basilic
vein was the most adjacent structure to the MACN at
the mid-upper arm level. When the transducer applied
matching up the left side of the image with the radial (lat-
eral) side of the arm, the MACN was located in all arms
in a 6- to 12-o0’clock position relative to the basilic vein at
the mid-upper arm (Fig. 1), and after it divided to ante-
rior and posterior branches, the basilic vein consistently
remained interposed between the two branches. Thus,
the basilic vein was worth the consideration as the land-
mark to search for the MACN in ultrasound technique of
the upper arm. The MACN was also located medial to the
brachial artery and the median nerve. At the ultrasound
examination, the average distance from the medial epi-
condyle to the splitting of these branches was 5.05 cm,
and the mean distance between the MACN and the me-
dial epicondyle at the elbow crease line was 2.85 cm.

Although ultrasound visualization of the MACN was
easily possible due to the constant proximity to the ba-
silic vein and the characteristic position of the nerve
relative to fascial layers, tracking the MACN distally to
the elbow was more difficult, which may be due to its
small size and superficial location. Thus, we used a two-
step method for determining the best recording position
for the standard antidromic sensory conduction study
[10]. As a result, the difference of the SNAP amplitude be-
tween the two groups was statistically significance. Mean
SNAP amplitude of the conventional stimulation site was
larger than that of the elbow crease stimulation site. At
our study’s inception, we anticipated that the SNAP am-
plitude of the elbow crease stimulation site was meaning-
fully larger than that of the conventional stimulation site.
Therefore, we proposed attentively some reasons for the
unexpected results. First, the elbow crease line was possi-
bly more vulnerable to volume-conducted potentials be-
cause of profuse muscle mass near under the stimulating
site (e.g., flexor carpi radialis, pronator teres). Second,
the recording electrode was more distally located on the
elbow crease stimulation site compared with on the con-
ventional stimulation site. The distal segment of MACN

might be more slender in forearm. This locational factor
might be the main reason why the mean SNAP amplitude
of the elbow crease was smaller than that of 4 cm proxi-
mal site above the epicondyle. In future, there should
be further study investigating the difference between
the SNAP amplitude of sensory nerve conduction study
stimulating at the proximal and the distal segment.

There were some limitations in interpreting the results
of this study. To obtain correct maximal SNAP ampli-
tudes, stimulating the skin overlying the MACN might be
a troublesome procedure due to difficulty putting light
pressure on the skin. Also, although the ulnar nerve and
other nerves were farther from the MACN than the me-
dian nerve in the neurovascular groove at the 4 cm proxi-
mal to the medial epicondyle and the elbow, there was
still possibility to co-conduct these nerves.

In conclusion, the ideal stimulation site based on the
ultrasound did not permit better stimulation site for the
sensory nerve conduction study of the MACN compared
with the conventional stimulation site. For this reason,
conventional stimulation site, which was located 4 cm
proximal to the medial epicondyle, was the best stimula-
tion point of the MACN nerve conduction study based
on results of this study. However, ultrasound measure-
ment may be a useful way to understand the MACN and
the adjacent anatomy without an expensive procedure or
damage to the tissue. Furthermore, careful adjustment
of the stimulation site of the MACN on the basis of our
study would contribute to an accurate sensory conduc-
tion study of the MACN. In addition, the applications
of these findings were extended further in other nerves
which were not verified stimulation sites.
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