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Abstract

Of all upper limb nerve entrapment syndromes, the carpal tunnel syndrome
is most often treated surgically. Despite apparent technical simplicity of the
procedure, failure to identify the precise anatomical relations within the operative
site may result in complications and/or lack of post-operative improvement.
The article presents anatomic aspects of the carpal tunnel syndrome that are
important for the operating surgeon.
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Introduction

Of all upper limb nerve entrapment syndromes, the carpal tunnel
syndrome (CTS) is most frequently treated surgically. In carpal tunnel
syndrome, the median nerve is compressed within the carpal tunnel
distally - above the distal carpal line. CTS chiefly affect individuals
between 40 and 60 years of age, with a female-to-male ratio of 4:1.
It is bilateral in more than 50% of patients and tends to be more
severe in the dominant limb. The most characteristic symptoms are
tingling and numbness in the hand and fingers in the median nerve
distribution. The symptoms usually occur during the night and often
wake the patient up. The pain becomes more intense on raising the
limb or flexing the wrist. Lowering the limb brings relief. Over time,
precise grip becomes difficult and there may be atrophy of thenar
muscles.

The treatment of this syndrome is initially conservative with non-
steroidal anti-inflammatory drugs, rest, neutral position splints and
steroid injection into the tunnel. Surgical treatment is indicated in
patients who did not improve with conservative treatment, patients
with thenar atrophy or electrophysiological evidence of denervation
[1-4].

Median Nerve Topography in the Carpal
Area

In the region of the carpal line, the median nerve projects
medially to the tendon of the radial flexor muscle of the wrist (flexor
carpi radialis, FCL) and slightly laterally and inferiorly to the tendon
of the long palmar muscle (palmaris longus). In some individuals,
the palmaris longus tendon and the FCL sheath, which is situated
more deeply (under the transverse carpal ligament), are palpable and
sometimes visible under the skin. The palmaris longus tendon lies
over the transverse carpal ligament, and the FCL tendon lies under
it. The median nerve can be expected to be found between these two
structures, the nerve projecting as an “extension” of the 3rd finger. The
median nerve courses under the transverse carpal ligament and enters
the carpal tunnel. The palmaris longus tendon becomes the palmar
aponeurosis. The transverse carpal ligament is continuous with the
antebrachial fascia proximally and with the flexor retinaculum of the
hand distally (Figure 1). The junction between the transverse carpal
ligament and the flexor retinaculum is approximately 3 cm above the

distal carpal line. Approximately 10-20% of the population lack a
palmaris longus tendon. In these individuals, the palmar aponeurosis
fuses only with the flexor retinaculum [1,5-7].

Sensory and Motor Branches of the Median
Nerve

Distal to the carpal tunnel, the median nerve divides into a motor
branch and sensory branches of the fingers. The motor branch supplies
the first and second lumbrical muscles (of the index and middle
fingers, respectively) and three muscles of the thenar prominence: the
opponens pollicis, abductor pollicis brevis and flexor pollicis brevis.
The sensory branches of the fingers supply the index and middle
fingers and, partly, the thumb and the radial aspect of the fourth
finger. There is a separate sensory ramus arising proximally to the
carpal tunnel. This is the palmar cutaneous branch, which arises from
the median nerve on the radial (lateral) side under the tenosynovia of
the superficial finger flexors, at the level of the middle (third) finger.
It originates approximately 5 cm proximal to the styloid process of
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Figure 1: Anatomic structures of the palmar surface of the hand that is
important during carpal tunnel release surgery. The course of the median
nerve is marked with a dashed blue line.
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Figure 2: The motor and sensory branches of the median nerve.

Figure 3: The area supplied by the sensory branch of the median nerve in the
palmar surface of the hand. The sensory branch (palmar cutaneous branch)
is marked with a darker colour.
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Figure 4: The anatomic structures of the carpal tunnel.

the radial bone, crosses the wrist over the transverse carpal ligament
and provides sensory innervation to the base of the thenar eminence
(Figure 2). Injury to the sensory branch of the median nerve may
cause pain associated with the formation of a traumatic neurinoma
and sensory deficit in the area it supplies (Figure 3) [5,7-9].

Carpal Tunnel

The carpal tunnel is bounded on the ulnar side by the ulnar
carpal prominence, formed by the pisiform bone and the hook of the
hamate bone, and on the radial side by the radial carpal prominence,
formed by the tubercles of the navicular bone of the hand and of the
trapezium bone. Dorsally, it is bounded by the carpal sulcus, formed
by both rows of the carpal bones, while the flexor retinaculum bounds
it on the palmar side. The carpal tunnel contains the median nerve,
the tenosynovium of the flexor pollicis longus and the tenosynovia of
eight finger flexors (superficial and deep). Lying between these bony
confines is also the sheath of the flexor radialis carpi tendon, which,
anatomically, is not regarded as contained within the carpal tunnel
(Figure 4) [6,9-11].

Anatomy and Surgery

Nowadays, most surgeons prefer a longitudinal skin incision
above the course of the median nerve in the carpal region. The
incision may be performed directly above the distal wrist line and
extended somewhat towards the palmar surface of the hand. With
this incision, the nerve can be easily located, which is the first stage of
the procedure. Next, the median nerve is followed so that the flexor
retinaculum can be reached and then severed, thus decompressing
the nerve. An advantage of this surgical approach is that is affords
relatively easy and direct access to the median nerve. In order to
enable better intraoperative exposure, surgeons are advised to place
a small “sandbag” under the wrist for the hand to rest on during
the procedure. This “sandbag” allows for slight “hyperextension”
of the wrist that affords better visual exposure of the surgical site.
With this technique, it is not necessary to extend the incision into
the palmar surface of the hand since there is good palmar exposure
and the retinaculum can be cut to release the compressed median
nerve. When the skin incision is made in the region of the carpal line,
damage to the palmar cutaneous branch can be prevented by choosing
a more “ulnar” site for the incision relative to the anatomic course
of the nerve. This reduces the risk of palmar cutaneous nerve injury
and the resulting pain associated with the formation of a traumatic
neurinoma [1,7,8,12]. A transverse or Z-shaped incision was mainly
performed historically to prevent tensioning of the skin around
the surgical wound during movements of the wrist and improve

Figure 5: The two most common skin incisions in carpal tunnel release
surgery.
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Figure 6: Anatomic variants of the superficial arterial arch. The dashed line roughly indicates the border of nerve decompression towards the fingers which should
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wound healing conditions. A similar effect can be achieved with a
longitudinal incision if it is slightly curved (S-shaped) [11,13,14].

Another common surgical approach involves an incision distal
to the carpal line on the palmar surface of the hand. This approach
helps avoid problems with surgical wound healing associated with
movements of the wrist, but special care needs to be taken when
exposing the median nerve since this involves cutting the flexor
retinaculum, which overlies the nerve, adhering to and compressing
it. After the median nerve has been identified, it is released distally
towards the fingers and proximally towards the wrist.

Recently there has been a trend to treat CTS by the endoscopic
release of the transverse carpal ligament [15,16]. Endoscopic carpal
tunnel release is claimed to be associated with minimal pain and
scarring due to small incision, a shortened recovery period and a high
level of patient satisfaction [17]. The disadvantages of this technique
are the higher cost of surgery and the highest learning curve of the
surgeon, compared to the open technique [4,17,18]. Current literature
suggests that the long-term results of endoscopic carpal tunnel release
are the same as those of open carpal tunnel release [19].

An issue that is sometimes mentioned and discussed in
descriptions of median nerve decompression procedures is whether
the palmar aponeurosis is dissected during the operation. Most often,
it is only the transverse carpal ligament and the flexor retinaculum
that are cut. The palmar aponeurosis, which is a continuation of the
palmaris longus tendon, lies above these structures and does not need
to be dissected to enable decompression of the nerve, especially when
the skin incision is made in the area of the wrist line and extends
into the palmar surface of the hand [5,6]. When the palmaris longus
tendon is missing (10-20%), the palmar aponeurosis fuses directly
with the flexor retinaculum [1,7]. In such cases, the aponeurosis may
be partially dissected during the decompression procedure. When
the incision is made more distally — on the palmar surface of the
hand - the palmar aponeurosis is sometimes traversed and partly
incised in order to reach the flexor retinaculum. Figure 5 shows the
two common incisions for median nerve decompression surgery in
patients with carpal tunnel syndrome described above.

The authors recommend using a grooved probe or small spatula
to protect the median nerve from above during the dissection of the
flexor retinaculum. Decompression proceeds until the nerve has
been released along its course. However, it should be remembered
that when the release is proceeding towards the fingers, the anatomic
location of the superficial arterial arch should not be crossed as this
may cause additional bleeding. Roughly, the line that should not be
crossed runs transversely as a continuation of the base of the thumb
(Figure 6) [5,6,12].

Possible complications of carpal tunnel surgery include: pain due
to neuroma formation following transection of palmar cutaneous
branch of median nerve, injury to recurrent thenar (motor) branch
of median nerve, direct injury to the main trunk of the median nerve,
hypertrophic scar causing compression of median nerve, injury to
superficial arterial palmar arch , infection, hematoma [1,8].

Conclusion

Awareness of the fine anatomic and topographic details of the
surgical site helps avoid complications and/or lack of improvement
following median nerve decompression surgery. The use of correct
anatomic nomenclature facilitates the exchange of views and
discussions about methods of treatment and surgical outcomes
among surgeons who carry out these procedures.
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