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Surgical anatomy of carpal tunnel in view of carpal tunnel syndrome
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INTRODUCTION

Carpal tunnel syndrome (CTS) is neuropathy of the median 
nerve due to its compression at the wrist while passing through 
deep to the volar carpal ligament. In 1854, Paget described this 
syndrome.[1] For hand pain in manual workers and compression 
neuropathies of the upper limb, this syndrome is the most 
common causative factor.[2-6]

REVIEW

Surgical Anatomy

Carpal tunnel is located in front of the wrist (palmar aspect). 
It is a narrow space which is anteriorly bounded by flexor 
retinaculum (transverse carpal ligament [TCL]), posteriorly 
and on either side bounded by the concavity of carpal bones. 

The flexor retinaculum is a thickening of deep fascia of palm 
over the wrist. It is a strong fibrous band around 2.5 cm × 3 cm 
long and broad. Medially, it attached to the pisiform bone 
and hook of hamate bone. Laterally by two slips, it attached 
to tubercle of scaphoid bone and trapezium bone (superficial 
slip) and groove of trapezium (deep slip). Synovial sheath lines 
area between two slip and groove of trapezium which covers 
the tendon of flexor carpi radialis muscle. On the medial 
side, a slip from retinaculum after covering the ulnar vessels 
and nerves got attached to pisiform bone and forms a tunnel 
called as Guyon’s canal. Sometimes, ulnar nerve gets trapped 
in it. TCL crossed superficially by palmar cutaneous branch 
of median nerve and ulnar nerve, tendon of palmaris longus 
muscle if present and superficial branch of the radial artery. 
Various structures pass deep to it, long flexor tendon of digits 
(four tendons of each flexor digitorum superficialis [FDS] and 
flexor digitorum profundus [FDP]), wrapped in synovial pouch 
known as ulnar bursa, tendon of flexor pollicis longus with 
radial synovial bursa, and median nerve. This TCL provides 
attachments to a few intrinsic muscles of the thumb (thenar 
muscles) and little finger (hypothenar muscles) at its distal 
margin, and at the proximal margin, it gives attachment to 
tendon of flexor carpi ulnaris and palmaris longus muscles[7] 
[Figure 1].
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Carpal tunnel is a space present in front of the wrist in between the volar carpal ligament 
in front and carpal bone at behind. The median nerve passes through this tunnel from 
the forearm to the palmar aspect of the hand. This nerve is known as “eye of hand” and 
“million-dollar nerve” due to its major sensory supply to the lateral two third of palmar 
skin and also motor supply to muscles for the thumb (thenar muscles). This median 
nerve can get compressed inside the carpal tunnel in various medical, surgical, and 
traumatic conditions. Many anatomical patterns of branching and course of the median 
nerve have been reported within the carpal tunnel. Hence, knowledge of the surgical 
anatomy of carpal tunnel and the pattern of branching and course of the median nerve 
may help during any surgical procedure in carpal tunnel diseases.
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Median Nerve

This nerve is a branch of brachial plexus and arises from two 
roots, one from the lateral cord and one from the medial cord 
of the plexus with root values of C5, 6, 7, 8, and T1. It passes 
deep to the TCL and overlies the tendon for the index finger 
of muscle FDS and FDP. After crossing the carpal tunnel, the 
nerve gives two branches, medial and lateral. The lateral branch 
gives digital branches and muscular branch (known as recurrent 
motor branch [RMB]) which supplies the intrinsic muscles of 
the thumb known as thenar muscles. They are abductor pollicis 
brevis, flexor pollicis brevis, and opponens pollicis. Digital 
branch for index finger also supplies 1st lumbrical. The medial 
branch divides into two common digital branch which supplies 
the adjacent side of the index, middle, and ring finger and also 
supplies the 2nd lumbrical muscle[8,9] [Figure 2]. The RMB is 
also known as the million-dollar nerve. By common and proper 
digital branches, it supplies the radial and ulnar side of 1st, 2nd, 
and 3rd digit and radial side of the 4th digit.[10] Palmar aspect of 
the skin over lateral half of palm is innervated by the palmar 
cutaneous branch which arises from the median nerve 6 cm 
proximal to TCL [Figure 3].

Many anatomical variations for the branching pattern of RMB 
of the median nerve were described and classified by Lanz[11], as 
shown in [Figure 4].

First group (Group I)[11] – Variation of origin and course of 
motor branch of median nerve

This further has subgroups, in Group I-A, RMB arises distal 
to the carpal tunnel, from the lateral side of median nerve 
(palmar aspect) and arches above the distal margin of TCL, in 
Group I-B, RMB originates within the carpal tunnel and arches 
above the flexor retinaculum, in Group I-C, RMB arises within 
the carpal tunnel from the lateral side of median nerve and 
pierces the TCL, in Group I-D, RMB arises from medial side 
of median nerve and arches above the distal margin of TCL, 
and, in Group I-E, RMB arises from medial part of median 
nerve and runs over the surface of TCL to thenar muscles[11] 
[Figure 4].

Second group (Group-II)

Additional motor branches (AMBs) arise from the median 
nerve at the distal part of the carpal tunnel, from the first palmar 
common digital branch[11] [Figure 4].

Third group (Group-III) – Proximal division of the median nerve

In subgroup – Group III-A, median nerve divides higher 
into lateral and medial parts. Origin of RMB is typical, 
in Group III-B, there is proximal division of the median 

Figure 1: Schematic diagram showing Boundaries and content of carpal tunnel. FCR: Flexor carpi radialis, FPL: Flexor pollicis longus, 
FDS: Flexor digitorum superficialis, FDP: Flexor digitorum profundus, and TCL: Transverse carpal ligament

Figure 2: Schematic diagram showing branches of median nerve 
in hand
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nerve which accompanies persistent median artery (PMA), 
and in Group III-C proximal division of the median nerve 
which accompanies the extra branch to lumbrical[11] 

[Figure 4].

Fourth group (Group-IV) – AMB, proximal to TCL

In this, Group IV-A, AMB arises from the trunk of the median 
nerve proximal to TCL and runs within the fibers of TCL and 
joining the RMB, in Group IV-B, AMB arises proximal to TCL 
and enters into carpal tunnel, pierces TCL, and, in Group IV-C, 
AMB arises from medial part of median nerve and crosses the 
nerve from the front and runs along its lateral side; then, it enters 
the carpal tunnel and pierces TCL and fuses with first common 
digital branch of median nerve[11] [Figure 4].

For the 1st time in 1974, Poisel proposed the classification of 
thenar motor branch.[12]

In retro-ligamentous type – Thenar motor branch originates distal 
to the flexor retinaculum, from the first common digital branch of 
median nerve and arches above the TCL, reaching to thenar muscles 
(in 46% of cases). In subligamentous type – RMB arises from first 
common digital branch inside the carpal tunnel, and arches above 
the distal margin of TCL and supplying the thenar muscles (in 31% 
of cases). In transligamentous type – RMB originates from the first 
common digital branch of median nerve, pierces the TCL, and runs 
obliquely to supply the thenar muscles (in 23%cases).[12]

Hence, each case of CTS needs special attention due to variations 
in median nerve branching. Hence, it is advised that in minimal 
open carpal tunnel release procedures, TCL should preferably be 
cut open in the line of the lateral border of 4th finger to minimize 
the risk of injury to the recurrent muscular branch.[13]

Figure 3: Schematic diagram showing cutaneous nerve supply 
of palm

Figure 4: Lanz classification of the median nerve anatomical variations at the wrist. Group I, Thenar branch variations; (1A) subligamentous, 
(1B) transligamentous, (1C) ulnarwards, (1D) supraligamentous, (1E) Ulnarwards and Supraligamentous. Group 0, extraligamentous thenar 
branch. Group II, distal accessory thenar branch. Group IV, proximal accessory thenar branch; (4A) running directly in the thenar muscles, 
(4B) joining another branch. Group III, high division of the median nerve; (4C) AMB from medial side of median nerve. (3A) without an 
artery of muscle, (3B) with artery, (3C) with lumbrical muscle.[8]
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For carpal tunnel release procedures along with median nerve 
variations, one should also look for PMA. Osiak et al., reported PMA 
in 2.8% of cases (i.e., 36 cases in 1285 operated hands), in 2%, it was 
in the right hand, and 3.9% of cases, it was present in the left hand.[14]

The presence of communicating branch between the ulnar nerve 
and median nerve in the hand was first reported in 1763 by Martin 
and later on reported by Gruber. That’s why this communicating 
branch is known as Martin–Gruber anastomosing branch.[15-17] 
These connections present from the median to ulnar nerve in 
the majority of cases. Rarely, these connections present from 
ulnar nerve to the median nerve in forearm instead of hand[15-17] 
and are termed as reverse Martin–Gruber anastomosis.[17] These 
types of connections may interfere motor conduction test’s 
result and give unusual finding in the presence of CTS, like total 
or partial sparing of thenar muscles. Due to these connections, 
there may be unusual motor loss of muscles of the hand in cases 
of peripheral nerve lesions.[15,17,18]

Many variations of these Martin–Gruber anastomoses were 
described and classified as Patterns I and II. In pattern I, there is 
one anastomotic branch and in pattern II there are two anastomotic 
branches present. In pattern I, subdivision type IA, superficial 
muscular branches of the forearm from median nerve give rise 
anastomotic branch, in type IB main trunk of the median nerve 
give rise to this anastomotic branch, and in subdivision type IC 
anterior interosseous branch gives this anastomotic branch.[15-17,19]

CAUSES AND RISK FACTORS OF CTS

This carpal is the repeated trauma disorders. Occupations that 
have a risk for CTS are worker doing work manually.[20,21]

Causes – In most of the cases, it is idiopathic (7–16%), common 
in female with increasing age (45–64 years), occupations related 
to gripping, vibrations, and repetitive flexion and extension at 
the wrist.[22,23] Traumatic causes – like fractures at the distal 
end of the radius and carpals, post traumatic arthritis, Tumors 
– like ganglionic cyst, certain neuropathies – due to alcoholism, 
diabetes, vitamin insufficiency, etc., morphological, and 
mechanical changes in retinaculum, persistent median artery.[24,25] 
Other causes – include hypothyroidism, pregnancy, obesity, 
congestive heart failure, renal failure, oral contraceptive pills, 
and mucopolysaccharidosis type I, II, IV, and VI.[26]

Pathophysiology

Pressure in the carpal tunnel recorded 2 mm Hg to 10 mm Hg 
as normal pressure. However, due to repetitive movements of 
the wrist joint, the pressure of it fluctuates and increases ten-
fold during extension and eight-fold during the flexion. Pressure 
may increase due to increase interstitial pressure, which leads to 
compression of the median nerve in the carpal tunnel and lead to 
ischemic demyelination of the nerve fibers.[27] Increase pressure 
in the carpal tunnel leads to compartmental syndrome, in this due 
to compression, epineural blood flow compromises and causes 
ischemia, swelling, and demyelination of nervous tissue.[28] At 
this time if surgical decompression is done, rapid reversible of 

symptoms occurs.[29] If compression persists for a long time, it 
can cause irreversible damage to the median nerve.[28]

During decompression surgeries, it was found that the nerve is 
thinned out in the region of compression and swelling was found 
in nervous tissue just proximal to entrapment. Swelling of nervous 
tissue may be due to increase axoplasm and chronic inflammatory 
process. This inflammation is due to increase production of E2 
prostaglandins and other factors like vascular endothelial growth 
factors. It can cause the slow nerve conduction.[30]

There are also genetic predispositions for CTS. There is 
the involvement of synthesis and breakdown of collagen 
compounds, proteins which are protractive against oxidative 
stress. COL1A1, COL5A1, and COL11A1 are the group of 
genes which play an important role in CTS predisposition. 
Another group of genes like matrix metalloproteinases encodes 
the enzymes which responsible for glutathione S-transferases 
synthesis. It reduces the toxic effect caused by oxidative stress. 
Genetic predisposition of CTS can be suspected if it occurs early 
in age and bilateral involvement is there.[31]

SYMPTOMS

Clinically, the patient presents as – (a) Irregular nocturnal 
paresthesia more frequent when person is awake, (b) sensory 
loss in the first, second, third, and lateral side of the fourth digit, 
and (c) weakness or atrophy of muscles of the thumb. Unique 
feature of CTS is that there is no sensory loss over the thenar 
eminence because this area is supplied by the palmar cutaneous 
branch of the median nerve which passes superficial to TCL.[32]

Symptoms increase at night or doing repetitive movements 
which involved prolonged flexion at the wrist.[30] Stages of CTS 
according to clinical symptoms are-
	 Stage I: Sleep is disturbed due to a feeling of numbness and 

swelling in hand. There is brachialgia paresthesia nocturna, 
in this pain radiating to shoulder from wrist along with 
tingling in the hand and digits. Flick sign: shaking of the 
hand may relieve the pain known as flick sign.

	 Stage II: Experience pain during day with frequent 
clumsiness during grasping the objects with hands.

	 Stage III: Diminished sensory symptoms, loss of contour 
over thenar eminence sometimes there is hypotrophy.[33]

Acute CTS

It usually presents as a complication of trauma to the hand 
or wrist like fracture of radius. It may not be associated with 
trauma. In this condition, the emergency release of compression 
requires which is done by the complete release of TCL.[28]

SIGNS OF CTS

Tinel’s Sign

This was described in 1915 by Tinel.[34] If there is discomfort 
and tingling over the median nerve supplied area (especially 
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fingers) while tapping over this nerve at the wrist, known as 
positive sign [Figure 5]. It is not a definite sign to diagnose 
the CTS.[29] Some factors which influence outcome of 
test-[36,37]

a)	 Decrease efficacy due to continuous regeneration of nerve
b)	 Amount of pressure applied for the test
c)	 Procedure/method used for test

Phalen’s Test

Phalen’s test was described by Phalen and Kendrick in 1957.[38] 
This flexion of the wrist joint causes more pressure on the nerve 
in the tunnel which, in turn, causes paresthesia over the area of 
distribution of the median nerve [Figure 6]. It is termed positive 
if paresthesia develops in <1 min of test.[36]

DIAGNOSIS OF CTS

While making a diagnosis of CTS, we consider the sign, 
symptoms, and diagnostic test. Diagnostic test are as 
follow-

Electrodiagnostic (EDX)

EDX tests are the most reliable way to diagnose CTS.[38,40] It includes 
nerve conduction studies (NCS) and electromyography (EMG)
a)	 NCS: By this, we can detect the impaired conduction of the 

median nerve across the carpal tunnel. So to confirm the 
CTS, in CTS conduction of the median nerve impaired only 
in the carpal tunnel, elsewhere the conduction of this nerve 
is normal. It is a valid diagnostic test for CTS.[41]

b)	 EMG: By this test, we can assess that the pathological 
changes occur in muscles especially the abductor pollicis 
brevis which is supplied by the median nerve. This test used 
in the clinical diagnosis of CTS, to evaluate the severity, 
and to find out its pathophysiology.[42,43]

Ultrasound

It can detect the diagnostic features of CTS such as (a) thickening 
or flattening of the nerve inside the tunnel, (b) bowing of the 
flexor retinaculum, and (c) increased diameter of the nerve just 
before the compression, measured at the level of the pisiform.[43]

Magnetic Resonance Imaging

It defines the borders of carpal tunnel clearly, easily differentiate 
nerve from the tendons running in the carpal tunnel. It is a very 
useful tool to detect primary nerve pathologies and space-
occupying lesions which can cause nerve compression in carpal 
tunnel.[44]

CONCLUSIONS

There are varieties of anatomical variations reported by many 
researchers along with their incidence. Hence, the thorough 
knowledge of surgical anatomy of carpal tunnel and course 
and branching pattern of the median nerve in hand along with 
its variations is important. This knowledge may be helpful in 
planning treatment or performing any surgical procedure in 
cases of carpal tunnel diseases or injuries.
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