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The standard long incision technique for carpal tun-
nel release causes inevitable damage to skin sensa-
tion, the inter-thenar plexus and especially the distal
branches of the palmar cutaneous branch of the
median nerve (PCM), and may cause long-term 
disabling pain and scar tenderness. There are many
variations in the distal branches of the median nerve
at the wrist. Anatomic studies of this region also have
important clinical implications to prevent injury to
important anatomic structures. The purpose of this
study was to evaluate the short-incision carpal tunnel
release in cadavers. Several important anatomic
structures, with possible anatomic variations, pass
through the carpal tunnel, and blind percutaneous
transection of the transverse ligament seems to be a
high risk procedure. Sixty hands from 40 fresh
cadavers were evaluated. Both the transverse liga-
ment and the distal third of the deep forearm fascia
were released using a Smillie knife. At the end of each
procedure, the hand was explored for injury to tendi-
nous and neurovascular structures of the wrist. In all
cases the release of the carpal tunnel and the distal
third of the forearm fascia was found to be complete.
The superficial palmar arterial arch, flexor tendons,
ulnar nerve and vessels, digital nerves, median nerve
and its recurrent accessory branches, the flexor ten-
dons, and even the subcutaneous tissue over the
transverse ligament were damaged in no instance.
Guyon’s canal was entered in 6 (10%) hands without
damage to its components. The distal branches from
the ulnar side of the palmar cutaneous branch of the
median nerve (PCM) were injured in 8 (13.6%)
hands, an injury that is almost unavoidable with the
classic open technique.

Keywords : median nerve anatomy ; carpal tunnel syn-
drome ; short incision ; carpal tunnel release.

INTRODUCTION

The most common complications of classic open
carpal tunnel release with a long incision are pal-
mar pain over the thenar and hypothenar regions
and scar tenderness (8, 10, 19). Patients who suffer
from this complication cannot return to their nor-
mal activities for weeks or months. It is assumed
that most of the postoperative complications are
caused by injury to the sensory dermal plexus and
the distal branches of the palmar cutaneous branch
of the median nerve (PCM) (3, 10, 19). Longer inci-
sions can lead to more injuries to the neural struc-
tures, more postoperative complications and a
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poorer outcome (1-4, 7, 8, 10, 12, 17). Although all
these facts show the necessity of using short-
incision procedures, many surgeons continue to
prefer the classic technique. On the other hand,
blind percutaneous dissection of the transverse 
ligament, as in endoscopic carpal tunnel release,
may be viewed as a high-risk procedure because of
the normal variations of the important anatomic
elements traversing the canal. So a thorough and
detailed knowledge of the anatomy and the normal
variations of all anatomic structures at the wrist,
especially the median nerve, seems necessary (14).
This anatomic study was designed to assess the
median nerve variations in human cadavers and the
safety of a short-incision percutaneous release of
the transverse carpal ligament. 

MATERIALS AND METHODS

Sixty hands from 40 Iranian cadavers (mean age
31 years, 51 male and 9 female) were included in this
study at the Forensic Medical Center. The mean time
elapsed from death to the time of dissection was
52 hours (range, 10 to 76). Cadavers with frost tissue
damage, traumatic injury, or gross congenital deformi-
ties of the upper limb were excluded. Twenty hands
were not dissected because of the presence of lacerations
at the procedure site.

A one-centimeter longitudinal incision was made
along the line which connects the inter-thenar depres-
sion to the third interphalangeal web (figs 1 & 2). The
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Fig. 1. — Tangential view of the palm Fig. 3. — Smillie’s knife passed through the probe canal to
dissect the transverse ligament.

Fig. 2. — Incision and probe passed through the canal on the
ulnar side of the palmaris longus.

Fig. 4. — Exploration of the hand and distal third of the fore-
arm to assess possible injury to the forearm and palmar struc-
tures.



SAFETY OF CARPAL TUNNEL RELEASE 417

midpoint of the incision was at the crossing with
Kaplan’s line. In the absence of an inter-thenar line, the
deepest point of the inter-thenar region on a tangential
view of the palm (fig 3) was accepted as the landmark
for the line.

Blunt dissection with a mosquito forceps separated
the palmar aponeurosis from the subcutaneous fat, and
exposed the wrist transverse ligament. A cannulated
probe was passed under the transverse carpal ligament
into the carpal tunnel and directed along the ulnar side
of the palmaris longus tendon in the direction of the
transverse crease of the wrist (fig 4). A Smillie knife was
passed through the probe canal to cut the transverse 
ligament and the distal third of the deep forearm fascia
percutaneously (fig 5).

After completion of the procedure, the hand was
explored from the distal third of the forearm to the dis-
tal palmar crease (fig 6) to assess any injury to the fore-
arm and palmar structures especially the median nerve
and its distal branches. All of the distal and terminal
branches were examined with a 3� magnifying loupe
and the observed variations were compared to the find-
ings of other anatomic reports, using statistical Z-test.

RESULTS

Exploration after carpal tunnel release con-
firmed that none of the important structures includ-
ing the superficial arterial arch, the flexor tendons,
the ulnar neurovascular bundle, the median nerve,
the digital nerves, the recurrent nerve and the
accessory branches, were injured (table I). 

The average distance between the superficial
palmar arterial arch and the distal wrist crease was
46 ± 4.6 mm, and the average distance between the
arterial arch and the distal part of the incision was
7 ± 2.8 mm.

Median nerve variations were found in 78% of
the cases (46 hands). In 5 cases (4 left and 1 right)
the nerve was bifurcated (8.3%).

The recurrent branch ran an extra-ligamentous
course in 28 (47%) cases, sub-ligamentous in 17
(28%), trans-ligamentous in 7 (12%) and trans-fas-
cial in 8 (13%) cases (table I). In 7 cases (12%) the
recurrent branch originated from the ulnar side of
the median nerve and was closer to the incision
line. The recurrent nerve had an accessory branch
in 19 (31.7%) of the explored hands. The origin

was proximal in 8 (13.3%), distal in 8 (13.3%) and
in 3 (5.1%) cases the origin was both from distal
and proximal. The average distance between the
recurrent branch and the incision line was 6.71 ±
3.36 mm. The knife entered Guyon’s canal in
6 cases (10%), but no injury was observed to its
components.

The palmar cutaneous branch of the median
nerve was not injured along its course from the ori-
gin to its entry into the flexor carpi radialis tendon
sheath.The distal ulnar branches of the PCM were
injured distal to the transverse ligament in 8
(13.3%) cases. The average distance between the
origin of the PCM to the distal wrist crease was
50.54 ± 23.78 mm.

The transverse ligament and the distal third of
the forearm fascia were found to be completely
released in all operated hands. The average carpal
ligament width was 29.14 ± 5.05 mm and the mean
distance from Kaplan’s line was 3.5 ± 1.59 mm dis-
tally. The mean distance between the proximal part
of the transverse ligament and the more proximal
distal wrist crease was 4.94 ± 2.99 mm. 

DISCUSSION

The results of our dissection compared well with
those from other studies (table II) (6, 9, 11, 13).
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Table I. — Normal anatomic variations of the median nerve

Recurrent branch types

Type of the variation Frequency percent

Extra ligamentous 28 46.7
Trans ligamentous 7 11.7
Trans fascial 8 13.3
Sub ligamentous 17 28.3
Origin from ulnar side of 7 11.7
median nerve

Presence of accessory branch 19 31.7

PCM types

variation Frequency percent

Type 1 37 61.7
Type 2 13 21.7
Type 3 10 16.7
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The findings of Kozin differed significantly as to
the extraligamentous subtype of the recurrent
branch (46.7 versus 19%), the transfascial subtype
(13.3% versus 74%), the ulnar origin of the recur-
rent nerve (11.7% versus 0%) and the accessory
branch of the recurrent nerve (31.7% versus 4%) (5).
The transligamentous subtype in our study was 
significant less frequent (11.7%) than reported by
Lanz (23%) and Steinberg et al (28.3%) (6, 15).

Bifurcation of the median nerve is a rare presen-
tation in other studies, but we found it in 8.3% of
our dissected hands. This difference may be due to
ethnic variations. 

Palmar pain and scar tenderness are the most
commonly encountered complications in carpal
tunnel release and it seems that they are directly
related to the length of the surgical incision (3, 10,

19). There are different opinions about the cause of
these symptoms. The most likely mechanism is
injury to the sensory branches of the PCM and the
ulnar palmar sensory branches (3, 10, 19). These
injuries may occur with the classic technique dur-
ing dissection of the skin and subcutaneous tissues
and release of the transverse ligament (18).

Postoperative grip strength following the classic
technique has been reported to be lower than 
following a short-incision operation (8, 18). Further-
more, short-incision release techniques have shorter
operation time and are less costly (10, 19).

The only worrisome complication in short-
incision carpal tunnel release is the risk to injure
important structures passing through the canal
because of the blind percutaneous use of a knife.
Our study shows that, despite their vicinity and 
all their possible anatomic variations, the risk of
structural damage to components such as ulnar and
digital nerves, palmar cutaneous and recurrent
branches of the median nerve, median nerve, flexor
tendons and palmar arterial arch is very low in
short-incision carpal tunnel release (table II). The
use of a cannulated probe as a guide for the knife
protects the subligamentous structures. The over-
lying subcutaneous tissue containing the terminal
branches of the PCM also will slide over the blunt
edges of the knife.

The distal branches of the PCM were injured 
in only 13.3% of cases and this is much lower 
in comparison to the rate seen with the classic 
technique (100%). Further clinical trials are neces-
sary to confirm these findings.
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Table II. — Median nerve variations in the literature

Studies
Number of hands

Our study
60

Lanz
246

Steinberg
46

Olave
60

Kozin
101

Stancic
65

Median N. bifurcation 8.3% 2.8% – – – –

Recurrent branch of the median N.

Extraligamentous 46.7% 46% – 48.3% 19% 47.7%

Transligamentous 11.7% 23% 28.3% 15% 7% 18.5%

Transfascial 13.3% – – – 74% –

Subligamentous 28.3% 31% – 18.3% – 20%

From ulnar side 11.7% – 16.7% 16.7% 0% 4.6%

Accessory branch 31.7% – – 38.3% 4% –

Proximal 13.3% 1.6% – – – –

Distal 13.3% 7.2% – – – 20%

Both 5% – – – – –
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