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parts of 15 hands from 13 patients by making a minimally invasive incision on the distal wrist
crease. Postoperatively, a two-point discrimination check was conducted in which the sensa-
tions of the first, second, and third fingertips and the palmar cutaneous branch injuries were
monitored (average duration, 7 months).
Results In the 13 cadaveric hands, the distal wrist crease and the proximal end of the TCL
were placed in the same location. The average length of the TCL and the distance from the
distal TCL to the superficial palmar arch were 35.30+2.59 mm and 9.50+ 2.13 mm, respec-
tively. The thickest part of the TCL was a region 25 mm distal to the distal wrist crease (aver-
age thickness, 4.00+0.57 mm). The 13 surgeries performed in the clinical settings yielded
satisfactory results.
Conclusions This peri-TCL anatomical study confirmed the safety of fasciotomy with a mini- o
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INTRODUCTION month performed the first open release of the transverse carpal
ligament (TCL) in 1933, CTS has been the most frequently

Carpal tunnel syndrome (CTS) was introduced in 1854 when prevalent entrapment neuropathy [2,3]. The latest data estimate
James Paget first described a case of median nerve compression the prevalence of CTS at S0 cases per 1,000 persons, with its in-

at the wrist in a distal radius fracture [1,2]. Since James Lear- cidence estimated at 1-3 per 1,000 persons. Open carpal tunnel
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release surgery has been the most frequently performed surgery
on the hand over the past 2 decades [4]. The following are the
six diagnostic criteria for CTS: (1) nocturnal numbness, (2)
numbness and tingling in the median nerve distribution, (3)
weakness and/or atrophy of the thenar muscles, (4) Tinels sign,
(S) Phalen’s sign, and (6) loss of two-point discrimination [S].
For early CTS, non-surgical treatment, such as a splint or local
steroid injection, is recommended. However, surgery is recom-
mended in cases of rapidly progressing thenar muscle atrophy
and hand dysfunction, persisting severe symptoms after conser-
vative treatment for 27 weeks, persistent symptoms or signs of
disability evidenced by electromyography, or aggravated two-
point discrimination [6].

To date, a variety of surgical methods, such as open, limited in-
cision, and endoscopic techniques for the treatment of CTS
have been described, and their advantages and disadvantages
have been discussed in a number of publications. Such surgical
methods generally show a high success rate and low postopera-
tive morbidity; however, unexpected poor outcomes can arise
from an insufficient understanding of anatomical and pathophys-
iological characteristics of this disease and insufficient knowl-
edge of diagnostic and therapeutic details by the surgeon. Con-
sequently, it is important to develop a safe and efficacious surgi-
cal method that can minimize incision-induced scars and avoid
intraoperative complications such as injuries to the palmar cuta-
neous branch of the median nerve, thenar branch, or median,
ulnar, and digital nerves as well as damage to the superficial pal-
mar arch, thus enabling an early return to preoperative activities.
Against this background, we conducted an anatomical study to
investigate the precise locations of the peri-TCL structures; then,
we successfully performed TCL release with a minimally inva-
sive incision to the distal wrist crease by thoroughly applying
the findings of the anatomical study in clinical settings, without

any intraoperative complications.

METHODS

Anatomical study

We dissected 13 intact hands preserved on 8 formalin-fixed ca-
davers that were placed in the supine position, while wearing
surgical magnifiers. Of the 8 cadavers, 6 were men and 2 were
women. 7 patients (87.5%) were over 60 years of age, and 1 pa-
tient (12.5%) was under 60 years. The incision line was defined
by marking the intersection between the palmar Kaplan’s cardi-
nal line and a longitudinal line from the third web space to the
distal wrist crease along the third digit. An incision line was drawn
on the distal wrist crease. We located the TCL as well as the prox-
imal peri-TCL regions after bilaterally opening the skin flaps
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from the marked intersection. After opening the palmar fat pads
horizontally, we resected the palmar fascia and interthenar fascia
and moved them to the side to locate the thick TCL and the su-
perficial palmar arch distal to the TCL. Then, we measured the
length and the thickness of each component and investigated
the proximity between individual structural elements.

Clinical study

Between May 2013 and September 2014, we diagnosed CTS in
patients (average age, 55.3 years) with Tinels sign [7], Phalen’s
sign [8], and continuous numbness and tingling sensation in
the fingers [9], and performed TCL fasciotomy with a minimal-
ly invasive incision of the distal wrist crease (1.5-2 cm) in 15
hands from 13 patients for whom surgery was indicated. The
patients were monitored for 14 months; the most frequent un-
derlying diseases were diabetes, hypertension, and renal failure.
Two-point discrimination tests were performed to determine
the objective preoperative and postoperative functions of the
subjects, and the subjective symptoms and functions were de-
termined using a questionnaire. If a patient recovered 100% of
the baseline function of the unaffected hand (such as gripping a
ballpoint pen, buttoning one’s own shirt, holding and viewing a
book, holding a telephone receiver, and mopping), the individu-
al's performance was marked as “excellent”; 50% or more, as
“good”; and no recovery, as “bad.” The pre- to postoperative
change in sensation was determined using the two-point dis-
crimination test with a caliper on the thenar and hypothenar ar-
eas of the affected side, and the postoperative damage to the pal-
mar cutaneous branch of the ulnar and radial nerves. The aver-
age two-point discrimination value on the unaffected hand was

approximately 10 mm.

Surgical study

With the patient in the supine position, surgery was performed
under local anesthesia without using a tourniquet. We drew a
1.5-2.0-cm transverse incision line on the distal wrist crease
within the window formed by the palmaris longus tendon, the
flexor carpi ulnaris tendon, Kaplan’s cardinal line, and a longitu-
dinal line from the third web space on the palm (Fig. 1A). Local
anesthesia was administered along the line on the palmar side
stretching from the distal wrist crease to Kaplan's line as well as
along the incision line on the distal wrist crease. After sufficient
anesthesia was administered, the distal wrist crease was dissect-
ed, and the sites of bleeding were electrocauterized. The inci-
sion was extended over the palmaris longus tendon, and care
was taken to avoid damage to the cutaneous branch while per-
forming the resection. After the skin incision, we located the

thick TCL glowing after obtaining a free view by pushing the fat
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Fig. 1. Operative photograph of a patient

(A) A 1.5-cm incision line was drawn on the distal wrist cease, and the intersection of the longitudinal line from the third web of the third digit
proximal to the ulnar side and Kaplan's cardinal line was marked. After drawing a right angle from this intersection and the incision line, the re-
gions 25 mm and 35 mm distal to the incision line were marked. (B) The transverse carpal ligament was clearly exposed to view by pulling the fat
back with the retractor and horizontally widening the gap after a transverse incision on the distal wrist crease; a longitudinal incision to the ulnar
aspect was performed. (C) Primary closure of the 2-cm incision line of the distal wrist crease.
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. Height TCL length TCL thickness TCL-SPA Thickness part-DWC

No. Age/Sex Right/Left (mgﬂ (mm? () i) (mll‘)n)
1 70/Male Right 160 35 3 10.8 24

Left - - - -
2 65/Female Right 165 34 4 10 25

Left - - - -
3 50/Female Right 160 33 4 10.5 25

Left 35 4 10 24
4 88/Male Right 174 38 4 9.5 26

Left 38 4 10.8 26
5 67/Male Right 172 37 5 9.9 25

Left 33 5 10.3 25
6 68/Female Right 179 38 4 10 25

Left 40 4 10.4 26
7 60/Female Right 149 32 4 9.8 25

Left 33 3 2.6 25
8 77/Female Right 158 88 4 8.9 24

Left - - - -
Mean + SD - - 35.30+2.59 4.00+0.57 9.50+2.13 25.00+0.71
TCL, transverse carpal ligament; SPA, superficial palmar arch; DWC, distal wrist crease; SD, standard deviation.

pad laterally to the retractor while vertically dissecting using on the wrist side was sufficiently dissected to completely release
Metzenbaum scissors. After procuring a free view by distally dis- compression, followed by interrupted suture of the skin with
secting the TCL with a free elevator, longitudinal resection of blue nylon 5-0; placement of a soft, bulky dressing with mild
the proximal TCL was conducted with a #15 blade, and suffi- compression; and application of a splint in a mild wrist exten-

cient dissection of the TCL was confirmed by checking against sion position (Fig. 1C).
the median nerve, which is surrounded by the synovium and

the tendon. Using a pair of blunt-ended face-lift scissors, we slow- Statistical analysis

ly conducted resection distal to the TCL; maximum distance The statistical analysis was performed using IBM SPSS ver. 20.0
was achieved proximal to the ulnar side of the third web. Resec- (IBM Co., Armonk, NY, USA). The means + standard deviations
tion continued until the region 35 mm distal to the distal wrist of the quantitative variables were calculated. Values are present-
crease and the region at the thickest section (25 mm away) were ed as number (in millimeters).

sufficiently resected. Finally, to ensure that the TCL was com-

pletely dissected, we determined that there was no resistance by RESULTS

shaking the tip of the Metzenbaum scissors vertically over the

TCL (Fig. 1B). After sufficient irrigation along the incision site Anatomical study

and confirmation of no other bleeding sites, the residual TCL Table 1 shows the measurement of the TCL and the adjacent
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Fig. 2. Cadaver dissection of the hand

The length from the distal TCL to the SPA and the length and thick-
ness of the TCL are measured with a millimeter-unit ruler. The loca-
tions of the DWC and the proximal carpal tunnel ligament are al-
most identical. TCL, transverse carpal ligament; SPA, superficial pal-
mar arch; DWC, distal wrist crease.

Fig. 3. Cross section of the TCL

Cross section of the TCL (arrow). The region of the TCL 25 mm distal
to the distal wrist crease was the thickest part. TCL, transverse car-
pal ligament.

structures. The average length between the distal wrist crease
and the distal part of the TCL was 35.30 2.59 mm (range, 32-36
mm), the average thickness of the thickest region was 4.00 mm +

0.57 mm, and the average distance from the distal TCL to the
superficial palmar arch was 9.50 + 2.13 mm (Table 1). The course
of the superficial palmar arch was distal to the TCL and in close
proximity to the ulnar side of the third web towards the trans-
verse distal to the TCL. The average distance from the thickest
part of the TCL to the distal wrist crease was 25.00£0.71 mm
(Table 1). The proximal end of the TCL was connected to the
flexor retinaculum with the thin fascia (Figs. 2, 3). Fig. 4 shows
the schematic representation of the relationship between the
TCL and the adjacent structures. The thickest part (4 mm) of
the TCL was measured to be 25.00 mm (25.00+0.71 mm) dis-
tal from the distal wrist crease.
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Fig. 4. Schematic presentation of the TCL and adjacent

structure

The thickest part (4 mm) of the TCL was measured 25 mm distal
from the DWC. Sufficient resection of the TCL up to 25-35 mm dis-
tal from the distal wrist crease can ensure reduced compression in
this region. However, special care should be taken to not exceed the
limit, because a resection with a pair of scissors exceeding 35 mm
can pass the fat pad and damage the SPA. SPA, superficial palmar
arch; TCL, transverse carpal ligament; DWC, distal wrist crease.

Clinical study

Table 2 shows detailed information for the patient group. Thir-
teen patients underwent fasciotomy with a minimally invasive
incision of the distal wrist crease. One case in one patient (case
11) with symptoms lasting more than 20 years yielded a “bad”
result (less than 50% postoperative recovery of hand functions).
In this case, the two-point discrimination test yielded an aggra-
vated sensation. Except this case, the 12 other cases proved suc-
cessful by yielding satisfactory or very satisfactory results (Table
2). Of the 13 patients, decreased sensation was observed in 2
cases (15.3%) and no change in sensation was observed in the
remaining 11 cases (84.7%). There were two cases (15.3%) of
scar discomfort (hypertrophic scar and pillar pain) and no scar
discomfort in the other 11 cases (84.7%) (Table 2).

DISCUSSION

CTS is the most frequently encountered peripheral compressive
neuropathy and is known to be curable with surgical interven-
tion in which the transverse ligament of the carpal tunnel is re-
leased by resection. Of a wide variety of therapeutic interven-
tions, the current standard treatment is the open release of the
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Table 2. Patient details

Case Age/Sex Underlying disease Outcome Change in sensation Scar discomfort
1 70/Female DM Excellent No No
2 57/Female DM, HTN Excellent No No
3 62/Male Pyelonephritis Excellent No No
4 58/Female DM Good Decreased Hypertrophic scar
5 58/Male No Excellent No No
6 62/Female DM Good No No
7 60/Male Hepatitis Excellent No No
8 48/Female CRF, DM CKD, angina Good No No
9 54/Female No Excellent No No
10 53/Female Osteoporosis Excellent No No
11 51/Female HTN, angina Poor Decreased Pillar pain
12 40/Female No Excellent No No
13 47/Female HTN Excellent No No
DM, diabetes mellitus; HTN, hypertension; CRF, chronic renal failure; CKD, chronic kidney disease.

TCL, which involves total resection of the subcutaneous tissues,
palmar fascia, transverse fibers, mid-palmar fascia, distal flexor
retinaculum, forearm fascia, and TCL [10]. Common postoper-
ative complaints include tenderness at the surgical site, a tingling
sensation, burning pain, deep pain, pillar pain, dysesthesia, and
hypesthesia, collectively called scar discomfort. The incidence
of scar discomfort reported by different researchers varies be-
tween 19% and 61%; however, its exact cause is yet to be explor-
ed and understood. Some authors attribute scar discomfort to
the consequences of neuroma formation owing to palmar cuta-
neous branch damage. Some anatomical studies have presented
new skin incision sites based on extensive investigation of the
palmar skin and neural distribution, but palmar cutaneous branch
damage cannot be completely avoided in open surgery [11]. Al-
though the endoscopic approach has contributed to rapid prog-
ress in the prevention of scar discomfort, the symptom of CTS
is prone to recurrence. Moreover, with cadaver autopsies reveal-
ing incomplete resection of the TCL, the currently recognized
standard treatment is total resection of the TCL [12]. However,
such conventional surgical methods require a wide opening of
the skin and inner structures, thus placing patients at a high risk
of postoperative scar formation and pain. Moreover, the postop-
erative increase in the space inside the carpal tunnel and scar
formation triggers dislocation of the tendon during flexor con-
traction, resulting in postoperative complications such as anteri-
or draw of the flexors, pain at the surgical site, and loss of grip.
Cellocco et al. [13] and Hamed and Harfoushi [ 14] reported
on mini-open procedures for carpal tunnel release. However,
compared to previous studies, in this study, different confirma-
tion methods were used for the complete resection of the TCL.
The present research shows through an anatomical study that

TCL fasciotomy with a minimally invasive incision of the distal

wrist crease is a safe surgical method that does not cause dam-
age to the surrounding structure. Furthermore, this research em-
phasizes that ensuring the surgical release of the thickest part of
the TCL is extremely important.

Among TCL-related anatomical studies, Rotman and Dono-
van [15] reported that the average length of the TCL was 24-36
mm with thin proximal (6-20 mm) and distal (6-10 mm) sec-
tions and that the middle-to-distal section was the thickest part.
Further, in these previous studies, the researchers identified the
region 10-40 mm from the distal wrist crease as that exposed to
the severest compression of the median nerve [16] and the re-
gion 5-15 mm distal to the distal part of the TCL as that ex-
posed to the greatest compression of the TCL [17].

Lee et al. [12] performed a study with 24 cadavers and noted
that the TCL length ranged from 19 to S5 mm (average, 29 mm).
Collectively, these results indicate that the region proximal to
the TCL may be the most important target for resection in the
treatment of CTS. However, these studies included Caucasians,
and the present study, which included only Koreans, determined
that the thickest part was the region 25 mm distal from the most
proximal part of the TCL. Therefore, the successful release of
compression can only be achieved by precise resection up to this
region, which should be exposed to the greatest compression.

In this study, the TCL length differed among the patients, pre-
sumably due to different wrist and hand sizes. Sunil et al. [18]
studied the relationships between hand size and body height
with 150 subjects and reported that body height is proportional
to the length from the proximal wrist crease to the tip of the mid-
dle finger. Given the potential of this relationship between the
cadaver body height and TCL length, the relationship will have
to be investigated in future research. However, considering the

age group of the patients that typically develop CTS (middle-
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aged people) and the average age in relation to the average body
height of Korean adults of both sexes, the potential variation is
considered negligible.

During the present study, we determined that the TCL begins
anatomically from the distal wrist crease and measures an aver-
age of 35 mm. Therefore, we believe that an accurate preopera-
tive drawing of the distal part of the TCL can prevent damage to
the superficial palmar arch resulting from excessive resection of
the distal region with a pair of scissors. Moreover, special care
should be taken to not exceed the limit, because a resection with
a pair of scissors exceeding 35 mm can pass the fat pad and dam-
age the superficial palmar arch (Fig. 4). We also confirmed that
if the resection scissors follow the longitudinal line drawn from
the apex of the third web space to the radial side, superficial pal-
mar arch damage can be substantially reduced, because the su-
perficial palmar arch is generally approximately 10 mm from the
distal part of the TCL. Because the TCL is the thickest (4 mm)
at 25 mm, on average, from the distal wrist crease, we also deter-
mined that it is of vital importance that this be completely re-
leased. This is the crucial part that causes a tingling feeling when
compression is applied on the median nerve because it is the
thickest region in the TCL and the medial nerve branches distal
to this region. Sufficient resection of the TCL up to 25-35 mm
distal from the distal wrist crease can ensure reduced compres-
sion in this region. When we applied these anatomical findings
in a clinical setting, we found that a minimally invasive incision
of the distal wrist crease alone was sufficient for successful sur-
gery, and the time to recovery was much shorter because the
wrist crease region was thinner than the palmar region. More-
over, given that patients with comorbidities such as diabetes
mellitus and the nephrotic syndrome can experience delayed
wound recovery, other surgical methods involving a palmar inci-
sion can increase the risk of complications. Therefore, particu-
larly with such patients, a minimally invasive incision of the dis-
tal wrist crease can be considered the best method.

This study has several limitations. First, there were consider-
able intersubject differences in the distance between the distal
part of the TCL and the superficial palmar arch. Second, the ca-
davers were not fresh, and the number of cadavers was small.
Third, a learning curve was involved because blind fasciotomy
was required when there was insufficient visibility. Fourth, the
thickness of the palmar fat pad varied among individuals. To
further our research, we need a large number of fresh cadavers
for dissection, and extensive tests and follow-up are necessary to
monitor damage to the palmar branch of the median nerve.

In conclusion, TCL fasciotomy with a minimally invasive inci-
sion of the distal wrist crease is a method that involves a steep

learning curve; however, it leaves only a minimal scar that is less
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visible in the carpal crease compared with other surgical meth-
ods. Moreover, it is considered an effective approach because of
its minimally invasive approach that results in a shorter recovery

time and reduced incidence of complications.
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