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Abstract: The median nerve (MN) is a mixed nerve formed in the brachial plexus, which innervates 

a large part of the upper limb. It presents several variations in its trajectory, resulting in many pa-

thologies and iatrogenic surgical compromises. This report highlights a transmuscular route of the 

medial branch of the upper division of the MN, which to date does not fit into the classifications 

described in the literature on MN variations. Knowledge of this high division of the MN, as well as 

its transfixation by the flexor digitorum superficialis muscle, is of fundamental importance in neu-

ropathy syndromes due to entrapment of the MN, as well as in surgical guidance to prevent injuries. 

Late diagnosis of traumatic peripheral nerve injuries results in greater functional impairment and 

greater socioeconomic loss, especially in young patients. Therefore, timely identification is essential 

to minimize long-term consequences and improve the patient's quality of life. 

Keywords: Anatomical variation; Brachial plexus; Median nerve; Median nerve compression; Car-

pal tunnel syndrome. 

 

1. Introduction 

The median nerve (MN) originates in the axillary region and is formed by the union 

of the medial and lateral fascicles of the medial and lateral divisions of the brachial plexus, 

respectively, containing fibers from the roots of the C5-T1 spinal nerves [1]. Its name is 

derived from the intermediate position it occupies at the end of the brachial plexus and 

its location on the forearm [2]. It is one of the two largest nerves of the upper limb. In the 

arm, it runs alongside the brachial artery, crossing the medial bicipital groove of the arm 

and reaching the cubital fossa below the aponeurosis of the biceps brachii muscle.  

From the cubital fossa, the MN passes between the two heads of the pronator teres 

muscle, positioned between the flexor digitorum profundus and flexor digitorum super-

ficialis muscles. In the lower third of the forearm, the MN becomes more superficial and 

Citation: Kuhn CS, Barros LC, Ara-

gão ICS, Aragão FMS, Reis FP, Men-

donça DMF, Aragão JA. A transmus-

cular path of the medial branch of the 

high division of the median nerve: an 

anatomical variation of clinical and 

surgical importance. Brazilian Jour-

nal of Case Reports. 2024 Oct-Dec; 

04(4):101-108. 

 

Received: 8 April 2024 

Accepted: 7 May 2024 

Published: 9 May 2024 

 

 

Copyright: This work is licensed un-

der a Creative Commons Attribution 

4.0 International License (CC BY 4.0). 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Brazilian Journal of Case Reports 2024, 4, 4, 101-108 102 of 108 
  

 

is covered anteriorly by the forearm fascia and partially by the tendon of the palmaris 

longus muscle. Lateral to it, is the flexor carpi radialis tendon [3]. After its path through 

the forearm, the MN passes beneath the transverse carpal ligament. Its sensory distribu-

tion extends from the thumb to half of the fourth finger and part of the thenar eminence, 

while the motor supply is distributed to the two most lateral lumbricals and to the muscles 

of the thenar eminence [4]. 

Regarding embryology, the MN undergoes several variations during its develop-

ment, including in relation to other structures. Knowledge of these anatomical variations 

in the wrist, hand and forearm has been highlighted as important [5], enabling the repair 

of traumatic injuries and assisting in the treatment of compressive syndrome, as these 

situations require precise dissection of the nerve [6, 7]. Understanding the anatomical var-

iations of the nerves in the wrist, hand, and forearm is crucial for treating traumatic inju-

ries and compressive syndromes. Precise dissection of the nerves is necessary in these 

situations. In clinical-surgical practice, knowledge of nerve formation patterns, topo-

graphic spaces in which they are found, their relationships with vascular structures and 

their distribution in muscle compartments is essential [8]. Therefore, our objective was to 

report a case of high bifurcation of the MN with perforation of the flexor digitorum su-

perficialis muscle and transmuscular path. 

 

2. Case Report 

Dissection of the right upper limb was performed to expose the vascular, nervous, 

and muscular structures. A longitudinal incision was made in the forearm region, lateral 

to the cubital fossa, to remove skin, fascia, adipose tissue, and superficial muscles. This 

allowed for better visualization of the cubital fossa and identification of nervous and vas-

cular structures. A new incision was made towards the hand, using the exposed structures 

in the forearm as a guide to continue the dissection from the forearm to the hand. During 

the dissection of a right forearm, an anatomical variation of the MN was observed, which 

was similar to Group III, in subgroup 3A, of the Lanz classification, [9] modified by 

Demircay et al. [10] (Figure 1), which groups the high division of the MN without the 

existence of a muscle or artery separating the bifurcation.  

The Lanz classification consists of groups 0 to 4, as described in the following. Group 

0 - an extra-ligamentous thenar branch rounds backward at the distal margin of the trans-

verse ligament before entering the muscles. Group 1 which is related to variations of the 

thenar branch and is subdivided into 4 subgroups, being them: 1A – subligamentous, that 

begins below the ligament and then bends around it, 1B – transligamentous, that crosses 

a foramen in the distal part of the transverse ligament, 1C – thenar, that emerges from the 

ulnar side of the MN, 1D - supraligamentous thenar, folds around the distal margin of the 

transverse ligament and then proceeds along the surface of the ligament before entering 

the muscles. Group 2 - Presence of an accessory thenar branch in the distal part of the 

tunnel. Group 3 - A high division of the MN with subgroups: 3A to 3C. 3A - high division 

of the MN that is not separated from the main branch by a muscle or artery; 3B - a high 

division associated with a median artery; 3C - an accessory lumbrical of the muscle is 

present between the two branches of a MN high division. Group 4 - an accessory branch 

is present in the proximal part of the tunnel with subgroups: 4A and 4B. 4A – accessory 

branch with a direct route in the thenar muscles proximal to the carpal tunnel, 4B - and a 

nearby accessory branch that joins the other branch. 

In our findings, the MN, when passing through the cubital fossa along its typical path 

between the humeral head and the ulnar head of the pronator teres muscle, bifurcated 

into a lateral branch and a more medial branch, at a distance of 18.5 cm from the flexor 

retinaculum and 8 cm from the elbow joint, specifically from the upper edge of the cubital 

fossa. However, the significant difference observed was that the medial branch of the MN, 

when piercing the flexor digitorum superficialis muscle, took a transmuscular route (Fig-

ure 2). 
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Figure 1. Lanz's [9] classification of the anatomical variations of the MN in the wrist, mod-

ified by Demircay et al., [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Legend. Group I, Thenar branch variations; 1A: subligamentous; 1B: transligamentous; 1C: ulnar-

wards; 1D: supraligamentous. Group 0, extraligamentous thenar branch. Group II, distal accessory 

thenar branch. Group IV, proximal accessory thenar branch; 4A: running directly in the thenar mus-

cles; 4B: joining another branch. Group III, high division of the median nerve; 3A: without an artery 

of muscle; 3B: with artery; 3C: with lumbrical muscle [9-10]. 

 

 

Figure 2. Transmuscular trajectory of the medial branch of the upper division of the MN. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Legend. 1. Median nerve. 2. Lateral branch of the high division of the MN. 3. Medial branch of the 

high division of the MN. 4. Flexor digitorum superficialis muscle. 5. Flexor digitorum profundus 

muscle. 6. Flexor pollicis longus muscle. 
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The lateral branch of the MN followed a typical path, running superficially through 

the flexor digitorum profundus muscle until emitting a more lateral branch, located 14 cm 

from its bifurcation and 5 cm from the flexor retinaculum, continuing towards the thenar 

region of the hand. The MN, when passing deeply through the flexor retinaculum and 

beginning to branch at the level of the lower (distal) edge of the transverse carpal liga-

ment, gave off four trunks: two lateral ones for the first finger (thumb), a short one for the 

most proximal region, and another long one for the most distal region; an intermediate 

trunk to innervate the lateral margin of the second (index) finger; and a medial trunk that 

bifurcated 4 cm from its origin into a lateral branch, which ran parallel to the common 

palmar digital artery between the second and third fingers, until innervating the medial 

margin of the second finger (index), and a medial branch that passed deep to the common 

palmar digital artery between the second and third fingers to innervate the lateral margin 

of the third finger (Figure 3). 

 

Figure 3. Innervation of the palmar aspect of the hand provided by the lateral and medial 

branches of the MN and ulnar nerve. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Legend. 1. Lateral branch of the median nerve. 2. Common palmar digital nerves of the median 

nerve. 3. Medial branch of the median nerve. 4. Proper palmar digital nerves of the median nerve. 

5. Superficial branch of the ulnar nerve. 6. Common digital nerve of the ulna nerve. 7. Proper palmar 

digital nerves of the ulnar nerve. 8. Ulnar artery. 9. Common palmar digital arteries. 10. Superficial 

palmar arch (arterial). 11. Flexor retinaculum. 

 

The medial branch of the MN, located at the same level as the lateral branch, traveled 

a 6 cm path until it perforated the posterior surface of the flexor digitorum superficialis 

muscle. In those who followed a transmuscular path of 3 cm, it exited the anterior surface 

of this muscle, from where it traveled a more superficial path of 9.5 cm until it passed 

deep into the flexor retinaculum and transverse carpal ligament. At this level, it bifurcated 

at 5.5 cm from the flexor retinaculum, and at a deep level of the superficial palmar arch, it 

gave off a medial branch, which passed beneath the common palmar digital artery 
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between the fourth and third fingers and became directed towards the lateral margin of 

the fourth (ring) finger (Figure 3). 

The remaining innervation of the hand came from the ulnar nerve, which followed 

the path of the ulnar artery, passing deep into the flexor retinaculum and transverse carpal 

ligament until it bifurcated at 3 cm from the retinaculum. A medial branch followed to the 

medial margin of the fifth (little) finger, and a lateral branch bifurcated at a distance of 4 

cm from its origin into two branches: a medial one, which ran parallel to the common 

palmar digital artery between the fifth and fourth fingers until it innervated the lateral 

margin of the fifth (minimal) finger, and a lateral branch, which deeply followed the com-

mon palmar digital artery between the fifth and fourth fingers until it innervated the me-

dial margin of the fourth finger (Figure 3). After a 6-month follow-up, the patient under-

went a tomography for reassessment (Figure 3A), which showed good bone neofor-

mation. Thus, he was able to proceed with dental implant treatment and oral rehabilita-

tion. At the 1-year postoperative follow-up, the exams demonstrated good bone consoli-

dation, and there was no radiographic recurrence evidence so far, suggesting a favorable 

prognosis (Figure 3B). 

 

3. Discussion and conclusions 

Kessler [11] was the first author to report a case of high division of the MN. This 

finding became important given the anatomical and clinical-surgical injuries related to 

MN variations. One example is carpal tunnel syndrome (CTS), a common focal peripheral 

neuropathy characterized by increased pressure in the carpal tunnel resulting in compres-

sion of the MN and impaired nerve perfusion, leading to discomfort and paresthesia in 

the affected hand. In-depth knowledge of normal anatomy and MN variations at the wrist 

level is essential to avoid complications during endoscopic carpal tunnel release [12, 13]. 

This is the most common nerve entrapment syndrome, which can be idiopathic or associ-

ated with various conditions, such as expansive lesions, Colles fractures, and systemic 

diseases like diabetes mellitus, hypothyroidism, and rheumatoid arthritis [14]. A bifid MN 

occurs relatively frequently in patients with CTS, as it increases the mean cross-sectional 

area (CSA) at the wrist joint by 1.5 mm2 [15-17]. Manifestations of CTS in association with 

trifid MN have also been described [18]. Bifid MN has been considered an independent 

risk factor for CTS [19]. 

The occurrence of bifid MN is rare and varies among different populations (Table 1), 

with a reported incidence of 1 to 3.3% among patients with CTS. More recent reports based 

on radiological studies suggest a possibly much higher incidence of 18 to 19%. This points 

towards an anatomical entity that is often unrecognized [20, 21]. Schwabl et al. [22] de-

scribed a prevalence of 15.4% in the normal population. 

 

Table 1. Occurrence of MN high division in different populations. 

Authors Population Occurrence 

Lanz [9] German (246) 2.8% 

Ahn et al. [23] Korean (354) 0,3% 

Barbe et al. [24] North American (89) 2.6% 

Mizia et al. [25] Polish (60) 5% 

Agarwal et al. [26] Indian (52) 11.5% 

Shinagawa et al. [27] Japanese (698) 16.9% 

Asghar et al. [28] Bulgarian (154) 0.02% 

Neumann, Suchomlinov [29] Lithuanian (30) 10% 

 

Ultrasonography (US) has been shown to be a reliable tool for detecting the morphol-

ogy of the bifid MN, which is generally not an infrequent variation, particularly in hands 
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with CTS [30-32]. It is also important in the diagnosis of CTS, based on the enlargement 

of the MN with an area greater than 9 mm² or 10 mm² at the level of the pisiform bone [33-

36]. Monagle et al., [37] demonstrated with magnetic resonance imaging that the MN in 

CTS was enlarged both proximally and within the carpal tunnel. The researchers also 

showed that the median areas of the MN at the level of the pisiform bone were 17.83 mm² 

in CTS and 10.20 mm² in asymptomatic patients. Propeck et al., [38], who were the first to 

describe radiologically the image of a bifid MN, reported that US and magnetic resonance 

imaging can allow for the effective diagnosis and delineation of a bifid MN in the wrist. 

However, the ultrasonographic size criteria for diagnosing CTS in non-bifid MNs may not 

be accurate in the evaluation of bifid ones. As a result, many studies have recommended 

the use of MRI and US as diagnostic methods, in association with physical examination. 

Electroneuromyography tests are only necessary in cases of diagnostic uncertainty or if 

there is a need for surgical intervention [39]. 

CTS can be caused by entrapment of an anatomical variant of Lanz type IIIA [9], bi-

fidus MN, or in association with the trifidus MN [18]. Preoperative US would help identify 

patients who present anatomical variants with an increased risk of iatrogenic injuries to 

better plan surgery. Therefore, the use of US should be encouraged as a routine preoper-

ative evaluation in STC surgery [40]. The study of variation in the peripheral nerve is use-

ful in procedures such as peripheral nerve block, electromyography, fracture treatment 

and others. It is also a useful anatomical tool for diagnosing neural crest cell defects [41]. 

In addition to CTS, several other clinically relevant abnormalities are usually associ-

ated, such as vascular malformations, such as a persistent median artery [42], aberrant 

muscles [43-45], development of neuritis [46], and the possibility of iatrogenic injuries in 

surgical procedures [10, 47-49]. 

Lanz [9] described the various MN anomalies in the carpal tunnel and classified the bifid 

MN as Group III. He noted that the two parts of the nerve are generally equal in size. 

However, Schultz, Endler, Huddleston [50] noted that the two parts may be unequal in 

size, with the larger radial division being approximately equal in size to a normal MN 

[51]. The report of the present finding is in accordance with that described by these au-

thors. Considering also that the present finding does not fit into Lanz's classification [9], 

modified by Demircay et al. [10], the present finding, in accordance with what was sug-

gested by Kadar, Virág, Matei [7], may contribute to improving the current classification 

of MN variants in the carpal tunnel. 

 

4. Conclusions 

The present study shows that, due to the variations of the MN, there is a need for 

more comprehensive classifications. This will ensure an expansion of information for 

health professionals during various surgical procedures involving this nerve, making pos-

sible to minimize the risks of iatrogenic incidents. 
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