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SUMMARY: The median nerve (MN) is a peripheral nerve that arises from the brachial plexus. The formation of MN occurs
through the fusion of two roots: the lateral root and the medial root, originating from the lateral and medial cord, heshidttive
anatomy including its formation, distribution, and communication was extensively diverse. The present study focused dmytopograp
the MN and its anatomical variation in 112 upper limbs. The lateral and medial cords of the brachial plexus mergedatythevalkill
in 96.4 % of cadavers and at the brachial level in 3.6 % of cases to form the MN. The MN formation was found at a distafice of +
20.06 mm from the coracoid process, as the reference line. The location of MN formation was more distal in cadavers withaat COM
those with COM (+13.44 23.77 vs. +2.8% 12.76, P = 0.12). Communication branch to the musculocutaneous nerve (COM) was
detected in 44.6 % and its position was determined to be at +#3890 mm from the reference line. In some case, COM presence
formed a small hole, and it was defined as ring formation. The location of COM was different according to the preseniog of the r
formation (P < 0.001). Understanding these anatomical variations is important for both anatomists and clinicians. Surgesovho
procedures related to neoplasms or trauma repair must possess knowledge of these variations.
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INTRODUCTION

The median nerve (MN) is one of the terminablinderstand the complex communication between the median
branches of the brachial plexus and is formed by two rootigrve origin and nearby nerves. The anatomical variations
the lateral root from the C5-C7 (lateral cord) and the medidll the median nerve have been discussed in terms of their
root from the C8 and T1 (medial cord) (Johnsbal, 2010). clinical significance. These variations may lead to
The musculocutaneous nerve (MCN) is another primag@mplications or unintended outcomes during regional
terminal branch of the brachial plexus. Typically, the MCNnesthesia blocks, surgical procedures, axillary dissections
originates from the lateral cord of the brachial plexus aridl elective surgeries, trauma involving the trunks of the
transports motor and sensory fibers from C5, C6, and ®vachial plexus, nerve transpositions, and vascular surgeries
segments. In general, MN and MCN innervate the flexqPorteret al, 2022).
muscles of the arm and forearm. In clinical-surgical practice,
understanding the formation pattern of peripheral nerves, Several studies have shown variations of its formation
the topographical spaces in which they exist, and tl#ad relationships with other anatomical structures. The most
relationships they form with vascular structures, as well &ogmmon variation in these nerves was the "communicating
their distribution in the various muscle compartments, Branch between the MN and MCN" (COM) (Beheiry, 2004;
critical (Soubeyranakt al, 2020). Neural communication Guerri-Guttenberg & Ingolotti, 2009; Soegal, 2024). The
between nerves can cause clinical and electrodiagnosticidence of COM varied greatly, ranging from 5.0 % to
results to be confusing (Emamhadial, 2016). To avoid 54.7 %, and this disparity could be attributed to differences
misdiagnosing peripheral nerve lesions, it is important i definition and precise dissection. However, anatomical
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location and topography of this variation have not bedrony landmark on the surface of the skin and it was usually
determined. Given the significance of these anatomicated as reference line for morphometric analysis of upper
variations in the medial nerve in humans, we investigatéadnb. For accurate morphometric analysis in this
and reported our findings in a variety of anatomical bodieanatomical study, digital calipers (NA500-300S, Blue bird,
This study examined the topography of MN formation andorea) were employed, and all measurements were
COM in 112 upper limbs and anatomical association wittecorded to the nearest millimeter. When the location was
other structures was considered. In addition, a newdistal to the reference line, it was defied as plus, vice versa.
identified variation, ring form, will be discussed, withThe difference in topography of median nerve formation
consideration of its potential anatomical and clinicadnd communicating branch was compared according to
implications. This information has practical applications anthe presence of COM and ring formati@tig. 1).
can help with accurate diagnostic interpretation.
All statistical analyses were conducted using SPSS
MATERIAL AND METHOD (version 23.0, IBM SPSS®; Chicago, IL). The normality
of the data distribution was assessed using the Shapiro—
In this study, 112 upper limbs (from 56 donatedVilk test. Based on the results, non-parametric tests, Mann-
cadavers) were dissected. Each cadaver was placed wwtdtney test were used to analyze the relationship between
supine position with arms abducted and palms facing upe variations. P values <0.05 were considered to indicate
The skin, superficial fascia, and adipose tissue westatistical significance.
removed to expose the axillary artery. The pectoralis major
and pectoralis minor muscles were dissected. After axillaBESULTS
vessel, teres major muscle, pectoralis major muscle and
pectoralis minor muscle were dissected from each muscle  The lateral and medial cords of the brachial plexus
and fascia, the brachial plexus was shown. The lateral gonihed at axillary level in 96.4 % (108/112) and brachial
medial cords, MN and MCN was clearly identified. Thdevel in 3.6 % (4/112) to form MN. The location of MN
location of MN formation was divided into two groupsformation was +8.7% 20.06 mm (Min: -34.0 mm; Max:
axilla and arm, according to the arterial definition (theé92.0 mm) to the coracoid process (reference line). And
lower margin of the teres major muscle). When th€OM was found in 44.6 % (50/112) and it was located at
connection between MN and MCN was found, it wa$43.84+ 35.90 mm (Min: 0 mm; Max +145.0 mm) from
defined as COM (communicating branch between the Mtkie reference line. The location of MN formation and
and MCN). In some case, COM branch formed a loop ecommunication branch was close and their tissues (Table
small hole, and it was defined as “ring form”. Thenl). The location of the median nerve and communication
topography of median nerve formation and communicatirfgranch was not different according to the sex. The location
branch was measure. The length from the coracoid procesfsthe median nerve was more proximal in cadavers with
as the reference line, and the location of the formation GOM than cases without COM, though it did not get
the median nerve and communicating branch wastatistical significance (+2.8912.76 vs+13.44+ 23.77,
measured. The coracoid process was an easily palpablke 0.12).

Posterior cord

Pectoralis minor muscle

Lateral cord

Musculocutaneous

Axillary artery

Median nerve -

Radial nerve

Ulnar nerve Medial cord
Fig. 1. The methods for measuring the topography of the median nerve (MN) and its assocaited structures. Asterisk, MN formation
MCN, musculocutaneous nerve; UN, ulnar nerve.
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Table I. Topography of the median nerve and communication branch. and ulnar nerves (Beheiry, 2004; Guerri-
Median nerve P value Communication branch P value Guttenberg & Ingolotti, 2009). Moreover,
Sex 0.73 054 double communication branch was found
Male +9.36 +20.02 +40.42 + 33.18 in recent Study (Fumet al" 2024)
Female +7.85 +20.30 +48.57 £ 39.70
Com 0.12

As usual, the median nerve was

(+) (1=50)  +2.89 +12.76 +43.84 £ 35.90 formed at axillary level in most of the
() (n=62)  +13.44 + 23.77 - . .

\ cadavers, and distal formation of the
Ring form 054 0.001 di found in 3.6 %. Th
(+) ("=8)  +242 +16.50 +19.0 +12.16 :“e'?nn??xkﬁas ound in '+8$1 €
(-) (n=104)  +9.33 +20.38 +52.58 + 37.46 ocation o ormation was +8.

20.06 mm distal to the coracoid process.
This indicated that the median nerve is
approximately formed beneath the
coracoid process. A communication
branch (COM) was found in 44.6 % and
its presence did not affect the location of
MN formation. However, the location of
the median nerve tended to be more
proximal in cadavers with COM though
it did not reach statistical significance due
to the large standard deviation. For a
more accurate analysis, studies
measuring relative length to the upper
arm length are needed.

Interestingly, COM often
branches immediately after the median
nerve is formed. In this case, the
‘ epineurium of these nerves is connected,
Fig. 2. The representative image of Ring-form of the median nerve (MN). Asterifétming a loop or round hole (ring form).
Ring form; MCN, musculocutaneous nerve; UN, ulnar nerve. Although defining this form may be

subjective, it can be defined as a case

When the COM was very close to the median nerve after it has formgtlere the direction of the nerve bundles
aloop or ring form tends to appear between the nerve bundles. We referregdonot divided along the direction of
this pattern as the “ring form” (Fig. 2) and found in 7.1 % (8/112) cadavesgegression, thus forming a hole. In our
The location of communication branch was statistically different accordingsidy, this form was found in 7.1 % and
the presence of the “ring form” (+19t012.16 vs. +52.5& 37.46, p = 0.001). it did not have any association with the

location of MN formation. Instead, this
DISCUSSION form was associated with the location of

communication branch (COM), which
The brachial plexus supplies either motor or sensory innervation to #f#s located at +43.8435.90 mm from

upper limb. Normally, it is formed by the ventral rami of C5 to C8 and Tl. Thige coracoid process. When the COM
plexus arises in the neck and then crosses inferiorly over first rib. Afterwangiginched within the distance of one finger
it enters the axillary cavity. At the infraclavicular level, the lateral fascicle ({0 mm), the incidence of a ring shape
the brachial plexus usually bifurcates giving origin to the musculocutane@uss significantly higher.

nerve (MCN) and the lateral root of the median nerve (MN). MN is one of the

terminal branches of the brachial plexus, which is formed by joining two roots,  These variation may originated by
lateral and medial. The medial root (C8-T1) come from the medial cord andifmplete cleavage of the nerve bundle
lateral root (C5-C7) come from the lateral cord of the brachial plexus aigting axonal growth in the embryologic
embrace the 3rd part of the axillary artery and unite anterior or lateral to it. He®elopment. Clinically, this variation
nerve then passes medial to the brachial artery on the anterior compartmeghsfextremely important, because this
the arm. MN as reported in literature, is associated with several variations wiisices can become the passageways for
include abnormal communications with other nerves such as musculocutane@ysr neurovascular structures. Similar
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patten was found in both typical and atypical patterns. Thanning and diagnosis of conditions like nerve entrapments
middle meningeal artery ascends typically between the tvao vascular compressions (Akhtgral, 2022; Ghosket al,

roots of the auriculotemporal nerve to the foramen spinosu2022). Further research, including studies using imaging
of the sphenoid bone. Songat al. (2009) reported a techniques and larger sample sizes, will be crucial to better
fenestrated brachial vein perforated by the lateral root ahderstand the functional implications of these variations
median nerve. Zhoet al (2024) found a fenestration of theand improve surgical outcomes.

facial nerve by the stylomastoid artery. Our group also

reported a phrenic nerve encircling the transverse cervigaM, J.; JUNG, S-J.: JUNG, Y.W.: TACHIBAN, K. & LEE, J-
artery (Leeet al, 2021). These cases and our resul. Topografia de la formacién del nervio mediano y su
demonstrated that this gap or ring formed by variations coutdmunicacion con el nervio musculocutankd. J. Morphol.,
give rise to additional variations through which?#3(5)1478-1482, 2025.

neurovascular structures pass. The presence of these

aberrations may contribute to varying clinical presentations, .., . . .

which could affect surgical approaches or contribute é”f.er'co que surge del ple>§o braqu'e}" Su formacuop se pr.Oduce
T .mediante la fusién de dos raices: laraiz lateral y la raiz medial, que

pa’gholl(.)gles like ner\./e"entrapments or vascular_ COMPressiQdSyriginan en los fasciculos lateral y medial, respectivamente. La

(Gumusburun & Adigtizel, 2000; Uzun & Seelig Jr., 2001)anatomia del NM, incluyendo su formacién, distribucién y

Moreover, it also increased risk of iatrogenic injury otomunicacion, fue muy diversa. El presente estudio se centré en la

difficulties in during operative procedures and potential nertepografia del NM y su variacién anatémica en 112 miembros

dysfunctions resulting from abnormal mechanical stress enperiores. Los fasciculos lateral y medial del plexo braquial se
nerves encircling arteries or other structures. fusionaron a nivel axilar en el 96,4 % de los cadaveres y a nivel
braquial en el 3,6 % de los casos para formar el NM. La linea de

One limitation of this study is subjective nature Ofeferencia respecto a la formacion del NM se encontré a una

defining the "ring form" of the nerve bundles, which coul istancia de + 8,7% 20,06 mm del proceso coracoides. La
g g ! bicacién de la formacién del NM era mas distal en los cadaveres

lead to varlab|l_|ty in identifying and categorizing theseg, com que en aquellos con COM (+ 13423,77 frente a +
structures. It is important to acknowledge that the gg+ 12,76, P = 0,12). La rama de comunicacién al nervio
identification of the 'ring form' may be subject to intermusculocutaneo (COM) se detecté en el 44,6 % y su posicion se
observer variability. This study is the first to present thideterminé a + 43,84 35,90 mm de la linea de referencia. En
anatomical definition, and future studies should aim talgunos casos, la presencia de COM formé un pequefio orificio, y
establish standardized classification criteria and assesgsdefinio como formacién de anillo. La ubicacion de COM fue
reliability to enhance the reproducibility of these ﬁndingsc_ilferente segun la presencia de la formacion de anillo (P < 0,001).

Furthermore, the study relied on cadaveric dissection, whigfmPrender estas variaciones anatomicas es importante tanto para
natomistas como para médicos. Los cirujanos que realizan

may not acc_urgtely reﬂe_c.t the dynamic and functional asp?ax%cedimientos relacionados con neoplasias o reparacién de

pf these varlgtlons. Addltlona_lly, the large standgrd deviatiQp, ;matismos deben conocer estas variaciones.

in the location of the median nerve formation and the

communication branch suggests that further investigation is PALABRAS CLAVE: Nervio mediano; Nervio

needed to achieve more precise and statistically significantisculocutaneo; Variacion anatémica; Forma anular.

results. Future studies with more precise measurement

technigues and imaging-based methods such as MR| 9 FERENCES
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