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ABSTRACT
Objectives: The purpose of this systematic review is to examine the different variations of the median nerve 

(MN) and the diagnostic methods used to identify carpal tunnel syndrome (CTS), a common neuropathy 
resulting from the entrapment of the MN within the carpal tunnel. Understanding the different variations 
of the MN is crucial in order to prevent injuries during surgical treatment of the syndrome.

Material and methods: Data were extracted from studies published in PubMed. A detailed search in 
PubMed was performed for studies that reviewed the variations of the MN and CTS.

Results: There are two main classifications of the MN, known as the Lanz and Amadio categories. Lanz's 
classification is the one being mostly used in the surgical literature, with group 3 (Bifid MN) being the 
main cause of the CTS. Additionally, there are branches and anastomosis of the MN that do not fit into 
either category, with the third common digital branch being the most injured nerve during carpal tunnel 
release surgery. Diagnostic techniques for CTS include physical examination combined with NCS tests, 
magnetic resonance imaging (MRI), ultrasound, or elastography. While NCS has been previously the most 
commonly used diagnostic method, the recent literature suggests that ultrasound and elastography are the 
most accurate techniques.

Conclusions: In order to minimize injuries during carpal tunnel release surgery, it is crucial to have 
knowledge on the different variations of the MN that cause CTS. Additionally, this review emphasizes the 
significance of the current diagnostic methods, which not only make CTS more affordable but also facilitate 
easier recognition of the condition.
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SYMBOLS AND ABBREVIATIONS
CTS: carpal tunnel syndrome
MN: median nerve
TCND: third common digital branch
NCS: nerve conduction study
MRI: magnetic resonance imaging

INTRODUCTION

Carpal tunnel syndrome (CTS) is a 
neuropathy that commonly occurs 
when the median nerve (MN) is 
trapped in the carpal tunnel. While 
the exact cause is often unknown, it 

can be a result of injuries, or other medical condi-
tions such as rheumatoid arthritis, ganglia, masses 
and pregnancy (1, 2, 26, 31). The MN originates 
from the brachial plexus, specifically from C5 to 
T1, and is responsible for the sensitivity and 
movement of the thumb, index and middle fin-
gers as well as the flexion of the wrist and opposi-
tion of the thumb. After leaving the axillary fossa, 
it travels through the anterior portion of the arm 
between the biceps brachii and brachialis mus-
cles in the branchial canal of Cruveilhier (3, 4). In 
the forearm, it branches out into the anterior in-
terosseous branch and the palmar cutaneous 
branch (5). As it continues into the hand, it runs 
alongside the palmaris longus tendon before en-
tering the carpal tunnel. The carpal tunnel is 
formed by the flexor retinaculum, a ligament that 
connects the pisiform, hamate and trapezium 
bones. It contains the MN along with nine ten-
dons and sometimes a persistent median artery. 
The MN divides into six branches beyond the car-
pal tunnel. These branches include a motor 
branch that splits into sensory branches and en-
ters the thenar musculature, as well as digital 
nerves from both the ulnar and radial side of the 
thumb and index finger, which may converge into 
one. Two of those supply the second and third 
web space of the hand, one of them provides 
motor branches to the first lubricant muscle, and 
the other one gives motor branches to the second 
lubricant muscle. There is also a widely studied 
digital branch (TCDN) that is often affected du-
ring carpal tunnel release surgery (6, 7). q

METHODS

Data utilized in this study were obtained from 
various research articles found in PubMed. 

A comprehensive search was conducted on 
PubMed using the keywords "variations", "medi-
an nerve" and "carpal tunnel syndrome", resul-
ting in a total of 213 findings. One hundred 
eighty-seven irrelevant articles were excluded, 
with inclusion criteria focusing on relevance to 
the topic, availability of a DOI or full text, and 
being written in English. Additionally, the biblio-
graphy of the above-mentioned literature was 
also examined to extract relevant data. q

RESULTS

Initially, a search on the platform PubMed yiel-
ded a total of 213 studies. An additional search 

through the references cited in these studies pro-
duced 19 more results, bringing the total to 
229 studies. After eliminating duplicate and ir-
relevant studies, a total of 42 articles met the in-
clusion criteria for this review (Figure 1). Out of 
these, 19 studies focused on the normal anato-
my and variations of the median nerve, while 
23 studies proposed different diagnostic and 
therapeutic procedures. Notably, different varia-
tions were mentioned in 11 papers, while the 
normal anatomy was discussed in four articles. In 
terms of diagnostic tools, ultrasonography was 

Median nerve and Carpal Tunnel SyndroMe

FIGURE 1. PRISMA flow chart
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mentioned in 15 studies, NCS and MRI in three 
articles each and sonoelastography in two. q

DISCUSSION

Carpal tunnel syndrome may be developed 
without a known cause, known as idiopathic, 

or as a secondary condition. The main reason for 
this condition is variations of the MN. The most 
common classification system used in the litera-
ture is the one introduced by Lanz (8), which 
cate gorizes these variations into four groups 
(Table 1). In 2009, Al Qattan et al further classi-
fied the appearance of a bifid median nerve into 
six subgroups based on the presence of a persis-
tent median artery or a nearby muscle. Subgroups 
I and III are typically asymptomatic (9).

Lanz did not incorporate the palmar cutane-
ous branch in his classification. As a result, in 
1988, Amadio released a widely accepted clas-
sification of median nerve abnormalities that 
consisted of five groups. These included abnor-
malities in the division near the ligament, abnor-
malities in the motor branch, abnormalities in 
the palmar-cutaneous branch, abnormalities in 
the median-ulnar communicating sensory 
branch and other unclassified abnormalities.

Variations
While Lanz's classification is the most commonly 
mentioned in the surgical literature (Table 1, Fi-
gure 2), there are also other variations related to 
the CTS that have not been classified by him.

Martin-Gruber anastomosis is a commonly 
found connection between the median and ulnar 
nerves in the forearm, as described in the litera-
ture (10, 6). However, it is quite rare for a con-
nection to exist from the ulnar to the median 
nerve, and it usually indicates abnormalities 
(Marinacci anastomosis) (11). It is possible to clas-
sify Martin-Gruber anastomosis into two groups 
based on the number of anastomotic branches 
present. In cases where only one branch exists, 
there are three additional subgroups based on 
the origin of that branch. Specifically, it can origi-
nate from either a branch of the MN, passing 
through the superficial muscles of the forearm, 
directly from the MN itself, or from the terminal 
motor branch of the MN.

In 2008, a study conducted by Nitin J. Engi-
neer et al assessed the different variations of the 
origin of the third common digital branch (TCDN), 

which is frequently injured during carpal tunnel 
release surgery. The study classified the variations 
into three types based on their proximity to the 
carpal ligament – either close to it, distal to it and 
close to the palmar arch, or distal to both the car-
pal ligament and the palmar arch (12).

During the release surgery, another variation 
that is frequently compromised is known as the 
Johnson and Strewsburry variation. A study con-
ducted by those researchers in 1988 revealed 
that, in 80% of their patients, the median nerve 
followed a distinct pathway when passing 
through the carpal ligament (6).

Steinberg et al noted a recurrent nerve perfo-
rating the carpal ligament, as well as the presence 
of an extra branch that originated near the carpal 
tunnel and either passed through it or beyond it, 

Median nerve and Carpal Tunnel SyndroMe

TABLE 1. Lanz’s groups of variations

FIGURE 2. Lanz’s groups of 
variations. A) GROUP 1: Thenar 
branch leaving inside the carpal 
tunnel; B) GROUP 1: Thenar 
branch perforating the carpal 
tunnel; C) GROUP 2: Distal 
accessory branches;  
D) GROUP 3: Bifid median nerve; 
E) GROUP 4: Proximal accessory 
branch perforating the ligament; 
F) GROUP4: Proximal accessory 
branch passing through the 
ligament
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similar to Lanz group 4. Additionally, they identi-
fied an accessory branch originating from the re-
current branch of the MN, which could be found 
either close or distant to the carpal tunnel.

A single study has demonstrated the presence 
of a distinct variant of the MN possessing both 
Lanz's group 1 and group 3 attributes. This vari-
ant involves a branch originating proximal to the 
transverse carpal ligament and subsequently 
passing through it to access the thenar muscula-
ture (13, 14).

In addition to the presence of various bran-
ches, the position of the MN can also differ. 
When the MN travels through the carpal tunnel, 
it may either have a curved or straight path. If it 
follows a straight path, it can be shifted to either 
the radial or ulnar side of the tunnel, or it can 
pass through the center of the tunnel. Alterna-
tively, if the nerve curves, it can be split towards 
either the ulnar or radial side of the tunnel (6). 

Diagnosis
Patient’s history plays a crucial role in diagnosing 
CTS, just like in any other clinical examination. 
This is because certain occupations involving 
heavy manual labor, like construction, and pro-
longed repetitive hand movements, such as 
computer work, increase the risk of developing 
CTS (15, 16). The initial indicators of compres-
sion on the MN include pain, tingling and even-
tually numbness in the affected fingers (17). Con-
sidering these symptoms, a physical examination 
is highly significant (18).

Currently, the hand elevation test is regarded 
as the most precise examination. During this as-
sessment, patients are instructed to raise their 
hand as high as possible. If any symptoms occur 
within the first minute, the test is deemed posi-
tive. To enhance the accuracy of this test, pa-
tients can further flex their wrist and have the 
doctor apply pressure to it, in addition to ben-
ding their head in the opposite direction.

Another widely used orthopedic test is the 
Phalen test, in which the patient flexes their 
wrists by touching the back of their hands toge-
ther. If the patient experiences pain and pares-
thesia within the first 60 seconds, the test is 
deemed positive, indicating a strong possibility 
of CTS. This test can also be adapted by having 
the patient extend their hand and flex their wrist 
while tilting their head in the opposite direction. 
In this modified version of the test, pain is 

e xpected to occur within approximately 60 se-
conds for a positive result.

In addition to these, another test called the 
"carpal compression test" involves the doctor 
e xerting pressure on the patient's MN using both 
thumbs. If the patient experiences pain within 
20-30 seconds, the test is considered positive 
and suggests a higher risk for CTS.

The final test in the series is called the "te-
thered median nerve stress test." During this test, 
the patient maintains their wrist in extension and 
applies pressure to the index finger, causing it to 
hyperextend. If the patient experiences pain or 
paresthesia within one minute, the test is inter-
preted as positive. Combining this test with one 
of the previously mentioned tests from this re-
view, significantly enhances its accuracy.

The traditional method of diagnosing CTS in-
volves physical tests and a Nerve Conduction 
Study (NCS). During the NCS, electrodes are 
placed on the wrist and elbow to stimulate the 
median nerve. One electrode is placed over the 
dorsum of the hand (ground electrode), another 
on the thenar eminence of the MN (active elec-
trode detecting motor responses), and additional 
electrodes are placed over the first or the fifth 
metacarpophalangeal join and some others on 
the fingers. If the nerve responds with sensory 
impulses, the test is considered negative, indica-
ting that the patient does not have compression 
of the MN. The range of responses can vary from 
normal sensory and motor responses, indicating 
a negative test, to complete absence of motor 
and sensory responses, indicating an extreme re-
sult (19).

There is evidence suggesting that, although 
NCS is the most used technique for diagnosis, it 
has a significant rate of false negative cases 
(16-34%). Additionally, it is both costly and a 
painful, invasive, and uncomfortable procedure 
for patients (20-22). As a result, there has been 
an increasing number of studies that recommend 
the use of MRI or ultrasound as more accurate 
diagnostic techniques, always taking into consi-
deration the results of the physical exa - 
mi nation (23).

Magnetic resonance imaging provides a clear 
view of the MN within the carpal tunnel, aiding 
doctors in identifying any abnormalities or varia-
tions in the nerve's structure, such as flattening, 
compression, or other morphological changes 
(5, 9, 24, 25). Additionally, doctors may employ 
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an advanced MRI technique, called 
Diffusion-Weighted Imaging (DWI), to further 
enhance the visualization of the nerve, making it 
easier to detect tumors, trauma, or signs of neu-
ritis (26). While MRI is a convenient and 
cost-effective diagnostic tool, it does require a 
significant amount of time to complete.

Ultrasound is a commonly mentioned and 
highly reliable method for diagnostic procedures. 
It is considered to be the most accurate and af-
fordable tool, with a significantly lower error rate 
(6-11%) compared to other diagnostic methods. 
Additionally, ultrasound is painless and provides 
quick results. This procedure allows doctors to 
assess various parameters of the MN, including 
its size (high-resonance ultrasound HRNU), 
blood flow (through doppler), and mobility 
(through dynamic ultrasound) (27, 28, 29, 11). 
Enlargement of the nerve increased cross-sec-
tional area, and palmar bowing of the flexor reti-
naculum are expected indications of CTS during 
ultrasound examinations (30). While many re-
searchers favor this technique (31-37, 29), it 
should always be compared to the results of a 
physical examination since it cannot differen-
tiate the stages of CTS (38).

Some studies (39, 20) suggest using dynamic 
ultrasound as a diagnostic tool for CTS. Dynamic 
ultrasound is a modified version of normal ultra-
sound where patients are instructed to move 
their fingers in standard motions during the scan-
ning process. This allows doctors to differentiate 
between the flexor tendons (which move) and 
the MN (which does not move). The advantage 
of this technique is that it does not require a sepa-
rate diagnostic machine; rather, doctors can use 
a commercial ultrasound machine, similar to the 
one used in the unmodified procedure. Howe-
ver, in cases where patients experience extreme 
discomfort in moving their fingers, this technique 
cannot be employed as it may result in images 
with artifacts, leading to inaccurate diagnosis.

Sonoelastography (SEL) is a newly developed 
method to evaluate the elasticity of soft tissue 
during ultrasound scanning. The diagnostic 
image is color-coded based on the tissue elasti-
city. Soft tissue is represented by the color red, 
medium elasticity by green and yellow, and hard 
tissue by blue. This technique can accurately 

dia gnose the CTS by identifying the stiffer trans-
verse carpal ligament in affected individuals (40) 
compared to healthy ones (41, 42). q

CONCLUSIONS

The occurrence and seriousness of CTS are 
closely related to differences in the structure 

of the MN, which is primarily responsible for 
providing feeling to the thumb, index, middle 
and ring fingers, and controlling certain hand 
muscles. Variations in the anatomy of the MN 
can have a significant impact on the likelihood 
and progress of CTS. One important factor is the 
size and shape of the carpal tunnel, a narrow 
passage in the wrist formed by the wrist bones 
that the MN travels through. People with natu-
rally narrower carpal tunnels have less room for 
the nerve, making them more prone to compres-
sion and irritation. Additionally, deviations in the 
path and branches of the MN can affect the de-
velopment of CTS. In some instances, the nerve 
may take an unusual route, increasing the risk of 
being trapped or squeezed within the tunnel. 
These variations contribute to the build-up of 
pressure on the nerve, leading to the distinctive 
symptoms of CTS. 

It is crucial to comprehend these anatomical 
differences in order to diagnose and treat the 
CTS accurately. Medical professionals often use 
nerve conduction studies and physical examina-
tions to assess the severity and underlying causes 
of CTS. If conservative treatments do not yield 
positive results or if CTS is severe, surgery may 
be necessary to relieve pressure on the MN and 
alleviate symptoms. The correlation between 
variations in the MN and the development of 
CTS emphasizes the significance of personalized 
diagnosis and treatment plans. It is essential to 
identify these anatomical variances to deliver  
appropriate care to individuals affected by  
this prevalent and potentially debilitating 
condition. q

Availability of data and materials: Data used 
in this systematic review are available in the 
PubMed database, using the above-mentioned 
keywords.
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