
Carpal tunnel syndrome (CTS) is by far the most common 
cause of compressive mononeuropathy. The prevalence 
rate is estimated at 3.8% of the general population.1) It is 
more common in patients over the age of 55 years.2) Car-
pal tunnel release (CTR) is a treatment of choice when 

conservative treatment fails.3) 
The surgery for CTS is to reduce the pressure within 

the carpal tunnel by releasing flexor retinaculum. The clas-
sic open technique, endoscopic technique, and limited in-
cision technique have been used as reliable procedures.1,4-8) 
Compared to the traditional open incision technique, the 
endoscopic and mini-open methods have the merits of less 
scar tenderness, more grip and pinch strength, and earlier 
return to activities of daily life (ADL) and work, although 
the hazards of injury of adjacent neurovascular structures 
and incomplete release are still controversial.9-11) The mini-
open technique (limited longitudinal incision technique) 
has recently emerged as the most popular technique due 
to its simplicity.5,8) However, it still uses the incision on the 
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carpal base, which can result in painful palmar scarring. 
The purpose of this study was to introduce our novel tech-
nique for CTR using a hook knife through a small trans-
verse carpal incision and describe clinical outcomes.

METHODS
This study was approved by the Institutional Review Board 
(No. KC18RESI0102) and all procedures were performed 
with informed consent from the patients.

We performed 130 carpal tunnel decompressions 
through a small transverse incision just proximal to the 
wrist crease in 93 patients during the 2-year period be-
tween January 2017 and December 2018 at a day surgery 

center. A curved hemostat and a hook knife were used for 
flexor retinaculum release. We excluded 19 wrists in 15 
patients because of the short follow-up period (less than 
12 months, 8 wrists in 6 patients), lack of functional evalu-
ation (4 wrists in 3 patients), and/or combined disease in 
the ipsilateral upper limb (7 wrists in 6 patients). Finally, 
111 surgically managed wrists with CTS in 78 patients 
were reviewed retrospectively in this study (Table 1). 

The inclusion criterion for the participants in this 
study was idiopathic CTS that was confirmed by electrodi-
agnostic testing and that failed to respond to conservative 
treatment. The mean follow-up period was 30.2 months 
(range, 12–66 months). The mean age at surgery was 58.9 
years (range, 33–83 years). There were 11 men (15 wrists) 
and 67 women (96 wrists). Thirty-three patients had sur-
geries in both wrists. Preoperative electrodiagnostic evalu-
ation by the American Association of Electrodiagnostic 
Medicine classification showed mild CTS in 13 wrists, 
moderate CTS in 54 wrists, and severe CTS in 44 wrists.12) 
We performed CTR using a hook knife through a small 
transverse incision just proximal to the wrist crease under 
the local infiltration of lidocaine with tourniquet inflation 
in the upper arm.13) All patients were tolerable during the 
procedure and discharged following the procedure on the 
same day. 

Surgical Procedure
Two simple instruments, a hook knife and a curved he-
mostat, were used for percutaneous CTR (Fig. 1). We used 
the surface landmarks (Fig. 2) of the scaphoid tuberosity, 
pisiform, palmaris longus tendon, and the intersection 
between the Kaplan’s cardinal line and ring finger axis. 
The line connecting the proximal margin of the scaphoid 
tuberosity and pisiform is the proximal edge of the flexor 
retinaculum, and the intersection between the Kaplan’s 
cardinal line and ring finger axis is the distal edge of the 

Table 1. Demographics of Study Population

Variable Value

Sex (male : female) 11 : 67

Mean age (yr)  58.9 (33–83)

Mean tourniquet time (min) 8.99 (4–16)

Side involved (no. of patients)

   Bilateral 33

   Right 21

   Left 24

EMG grade by AAEM classification (no. of wrists)

   Mild 13

   Moderate 54

   Severe 44

Values are presented as number or mean (range).
EMG: electromyography, AAEM: American Association of Electrodiag-
nostic Medicine.

A B C D

Fig. 1. (A) Two simple instruments used for percutaneous carpal tunnel release. (B) The tip of the hook knife (black arrow: blade side of the hook knife) 
and the curved hemostat (round circle) are appropriate for retrograde release and palpating undersurface of the transverse carpal ligament. (C) A close-
up photograph of the tip of the hook knife. (D) A close-up photograph of the tip of the curved hemostat.
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flexor retinaculum. Carpal tunnel was accessed with the 
tip of a curved hemostat through the 1-cm-long trans-
verse incision just proximal to the wrist crease between 
the palmaris longus and flexor carpi ulnaris tendon. The 
curved hemostat tip was advanced distally while keeping 
the contact to the undersurface of the flexor retinaculum 
and the radial border of the hook of hamate to avoid in-
jury to the underlying and radial ward structures, such 
as recurrent motor branch of the median nerve or proper 
median nerve. The tip of the hemostat was palpated over 
the distal edge of the flexor retinaculum and marked with 

a marking pen as the starting point of retrograde release 
of the flexor retinaculum (Fig. 3). A space for hook knife 
passage was made by a couple of withdrawals of the he-
mostat with slightly widened jaws. A hook knife (Smith & 
Nephew Acufex instrumentation for Knee Arthroscopy: 
Hook, 3.0 mm Straight, Disposable) was introduced into 
the carpal tunnel, while similarly maintaining contact to 
the undersurface of flexor retinaculum, and the distal edge 
of the flexor retinaculum was hooked. As a starting proce-
dure, about 1 cm of the distal edge of the flexor retinacu-
lum was first released using back-and-pro motions of the 
hook knife in a longitudinal direction, which is the most 
difficult portion of the flexor retinaculum to release when 
only the distal portion of the flexor retinaculum remains 
unreleased. Next, the remaining main proximal part of the 
flexor retinaculum was released with two or three passages 
of the retrograde hook knife in a distal to proximal direc-
tion. Complete release of the flexor retinaculum was con-
firmed by the free passage of the curved hemostat tip from 
the distal edge of the flexor retinaculum to the proximal 
incision site without any resistance. After the release, the 
inner side of the carpal tunnel was inspected through an 
incision with an aid of retractors (Fig. 4). At this time, any 
active bleeding from vascular injury was checked after de-
flation of the tourniquet. The incision wound was closed 
with two stitches and a light compressive dressing was 
applied. In rare cases of absent palmaris longus tendon, 
we used the transverse incision between the middle finger 
axis and flexor carpi ulnaris tendon. The mean tourniquet 
time was 9 minutes (range, 4–16 minutes). Active motion 
of the hand and the fingers was encouraged immediately. 
A return to ADL was allowed from a couple of days after 
surgery and a return to work or sport activities was al-

Fig. 2. Surface landmarks: the intersection (X) between the Kaplan’s 
cardinal line (A) and the ring finger axis (B) is the distal edge of the flexor 
retinaculum. PL: palmaris longus, Ic: incision, St: scaphoid tuberosity, Ps: 
pisiform.

Fig. 3. Through the 1-cm-long transverse incision at just proximal to the 
wrist crease between the palmaris longus and flexor carpi ulnaris tendon, 
the carpal tunnel was accessed with the tip of the curved hemostat and 
the distal edge of the flexor retinaculum was confirmed.

Fig. 4. After release, the inner side of the carpal tunnel was inspected 
through the incision with an aid of retractors.
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lowed from 3 to 4 weeks after surgery, based on each pa-
tient’s work demands.

Outcome Evaluation
The following outcomes were evaluated: status of symp-
tomatic recovery, symptom severity, and functional evalu-
ation by Boston Questionnaire,14) Quick Disabilities of the 
Arm, Shoulder, and Hand questionnaire (QuickDASH) 
score,15,16) postoperative scar tenderness and pillar pain, 
and complications related to the surgical procedure.

The subjective symptomatic recovery from tingling 
sensation and night burning was divided into five catego-
ries: symptom-free (no tingling sensation or night burning 
at all), good (more than 90% recovery from the preopera-
tive status), remained (less than 50% of initial symptoms 
remained), persistent (more than 50% of initial symptoms 
remained), and aggravated (occurrence of symptoms more 
severe than preoperative symptoms). The symptom se-
verity was evaluated with a five-point scale: 1 (normal), 2 
(slight), 3 (moderate), 4 (severe), and 5 (very severe). 

The postoperative functional status was evaluated 
with Boston Questionnaire and QuickDASH, which is the 
shortened version of the Disabilities of the Arm, Shoulder 
and Hand score. Boston Questionnaire has two main cat-
egories: the Symptom Severity Scale (SSS) and the Func-
tional Status Scale (FSS). The SSS has 11 questions and 
the FSS has 8 activities. The response to each item may 
range from 1 point to 5 points, and the scale is scored by 
calculating the mean score.14,17) The QuickDASH consists 
of 11-item measure of upper extremity–related disability.16) 
The result score ranges from 0 (no disability) to 100 (most 
severe disability). We checked the final Boston Question-
naire and QuickDASH scores at 1 year after operation. In 
the case of patients who had symptomatic comorbidities in 
the affected hand or wrist at the evaluation time, we rather 
delayed functional evaluation to the next visit, while try-
ing to resolve comorbidities. Any recorded or experienced 
surgery-related complications were assessed. For patients 
with missing clinical and functional follow-up at 1 year 
after surgery, an additional phone survey was used. 

RESULTS
At an average of 29.4 months follow-up, all but one patient 
(99%) revealed complete (symptom-free) or near complete 
(good) symptomatic recovery from tingling sensation or 
night burning (Table 2). This one 79-year-old patient had 
remaining tingling sensation in the hand at 26 months 
after surgery. The remaining symptoms were likely caused 
by cervical radiculopathy, but she did not want to get fur-

ther evaluation before her death of other causes. Symptom 
severity of tingling sensation or night-burning score at the 
last follow-up was normal in 59 wrists, slight discomfort 
was noted in 51 wrists, and moderate discomfort was ob-
served in 1 wrist. Satisfactory symptomatic recovery was 
obtained in all but one wrist. The score of the SSS of Bos-
ton Questionnaire (11 items) was 1.31 ± 0.30 and the score 
of the FSS (8 items) was 1.19 ± 0.26. We used QuickDASH 
(11 items) score to estimate the severity of symptoms and 
upper extremity function. The final mean QuickDASH 
score was 8.66 (range, 2–39) (Table 2). 

During the first month after surgery, most patients 
complained of mild pain and tenderness on the carpal 
base, the area of flexor retinaculum released, which then 
gradually improved within additional couple of months. 
On visiting 2–4 weeks after surgery, about one third of the 
patients still showed mild tenderness on the surgical inci-
sion site, but there was no case with remained tenderness 
except in a couple of ones showing keloid characteristics at 
the 3-month follow-up.

Table 2. Summary of Outcomes

Subjective symptomatic recovery Value

Symptom-free 46 (41.4)

   Good 64 (57.7)

   Remained 1 (0.9)

   Persistent 0 

   Aggravated 0 

Symptom severity score

   Normal 59 (53.2)

   Mild 51 (45.9)

   Moderate 1 (0.9)

   Severe 0

   Very severe 0

QuickDASH score 8.66 (2–39)

Boston questionnaire 

   Symptom score 1.31 ± 0.30

   Function score 1.19 ± 0.26

Values are presented as number (%), mean (range), or mean ± standard 
deviation.
QuickDASH: Quick Disabilities of the Arm, Shoulder, and Hand ques-
tionnaire.
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Complications
There was no superficial palmar arch (SPA) injury or 
nerve injury of the palmar cutaneous branch, recurrent 
motor branch, or median nerve itself as a complication of 
the procedure. No patient showed any wound infection or 
wound dehiscence. Three wrists in 2 patients showed tem-
porary complex regional pain syndrome symptoms, which 
were resolved spontaneously with emotional support, 
medications, and physical therapies over weeks to months. 
There was no recurrence. No reoperation was required. 

DISCUSSION
Open carpal tunnel decompression under the direct visu-
alization of the flexor retinaculum and surrounding struc-
tures can avoid the continuation or recurrence of symp-
toms resulting from incomplete release, and it can also 
reduce complications of major neurovascular structure 
injuries by easily detecting and coping with anatomical 
abnormalities.18,19) The complication rates of open decom-
pression are about 1%–2% of cases, and major vascular 
and nerve injury is relatively rare.9,20,21) Initially, decom-
pression using an endoscope or a mini-open technique 
led to more incomplete releases or neurovascular injuries 
compared to the conventional open incision method, with 
a reported rate of 1.8%–4.8% of cases.22-24) However, the 
incidence of complications is not higher than 2% when 
minimally invasive release is performed by an experienced 
surgeon.25-30)

Carpal tunnel decompression using endoscopic or 
mini-open methods is not suitable for conditions such as 
combined space occupying lesions, inflammatory diseases 
involving the proliferation of flexor tendon synovium, 
and fibrous adhesion or anatomical deformity caused by 
previous trauma or surgery. Such conditions should be 
excluded in the application of mini-open methods during 
preoperative evaluation.31-34)

We initially developed our procedure as an endo-
scope-assisted procedure for the visualization of structures 
in the carpal tunnel. In the case of idiopathic CTS, the only 
necessary procedure to decompress carpal tunnel is the 
release of flexor retinaculum, which is a superficial struc-
ture with anatomic consistency.35) By a couple of passages 
of a hook knife, we could safely release flexor retinaculum 
without any endoscopic assistance. Therefore, we con-
verted our previous endoscope-assisted procedure to the 
present minimally invasive simple one. The advantages of 
our procedure include that it does not require any specific 
equipment, is more simple and quicker than endoscopic 
techniques, and is easy to perform on an outpatient base 

without hospitalization. 
Median nerve neurolysis and flexor tenosyno-

vectomy could have a role in symptom improvement in 
selective cases. Possible indications of neurolysis are (1) 
refractory or severe symptoms, (2) marked thenar muscle 
atrophy, (3) noted scarring on epineurium and around the 
fascicles. However, no consistent benefit from neurolysis 
has been obtained and it may harm the median nerve re-
lated to mechanical neurovascular injuries and additional 
fibrosis. So routine use of neurolysis or epineurotomy is 
not warranted.36) Debulking the carpal tunnel and remov-
ing any potential space occupying tissue is the rationale of 
flexor tenosynovectomy during CTR. On flexor retinacu-
lum release, routine tenosynovectomy is not beneficial 
and associated with increased rates of infection. It can be 
indicated only in invasive, proliferative tenosynovitis (rhe-
matoid arthritis, gout, tuberculosis), and markedly thick-
ened tenosynovium from amyloid deposition in dialysis 
patients.36)

Recent studies using a hook knife through a mini-
transverse incision have been conducted by Wang et al.37) 
and Ma et al.38) They used similar instruments as a bush-
hook without an endoscope under local anesthesia. The 
results were as good as ours without any complication. 
However, the mean hospitalization period was over 3 days, 
which was longer than our outpatient procedure and the 
mean follow-up period was relatively short (6.8 months).

The most likely concerned structures during a mini-
open release are the SPA and the variation of median nerve 
anatomy in the carpal tunnel such as a trans-ligamentous 
type motor branch and a motor branch originating from 
the ulnar border of median nerve.19,36,39) SPA is located 
about 12 mm (range, 4.0–18.0 mm) away from the distal 
end of the flexor retinaculum on the extension line of the 
longitudinal axis of the ring finger, and it is enclosed in 
fat tissue with the distal part of the flexor retinaculum.40) 
To avoid SPA injury during flexor retinaculum release, 
finding the exact point of hooking is important, which is 
guided by palpation of the tip of hemostat at the just distal 
margin of the flexor retinaculum on initial passage. The 
communicating branches between the median and ulnar 
nerves appear at about 67%–80% of the population, and 
they are often located within a few millimeters of the distal 
end of the flexor retinaculum or at a more proximal site 
than the distal end, which can be damaged during flexor 
retinaculum release.41,42) Another concerned structure is a 
bifid median nerve, which has been reported in four varia-
tion types: (1) thenar branch variations in relation to the 
transverse carpal ligament, (2) accessory branches at the 
distal carpal tunnel, (3) high division of the median nerve, 
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and (4) accessory branches proximal to the carpal tun-
nel.39) To avoid injury to these structures, it is also impor-
tant to advance either the tip of a hemostat or a hook knife 
in line with the longitudinal axis of the ring finger, while 
keeping in contact with the undersurface of the flexor 
retinaculum, and to place the tip of the hook knife accu-
rately on the marked target point just distal to the distal 
edge of the flexor retinaculum.19,39) From our experience, 
it is likely that the superficially located flexor retinaculum 
can be released effectively and safely without the com-
plications of incomplete release or major neurovascular 
injury. The main tips and pearls are using anatomical sur-
face landmarks, intraoperative verification of structures, 
maintaining the exact location and upright orientation of 
instruments used within the safety zone, and maintaining 
the contact between the tips of instruments and the under-
surface of flexor retinaculum during passage. The initial 
passage of a curved hemostat while the tip of it keeping 
in contact with the undersurface of flexor retinaculum 
might push any structures at risk such as communicating 
branches between the median and ulnar nerves, motor 
branch of median nerve, and bifid median nerve dorsally.

The incomplete release of flexor retinaculum could 
be an issue in minimal incision techniques. However, from 
our experience, careful retrograde passages of a curved 
hemostat tip after each release allowed us to assess the 
release status in detail, and tiny unreleased portion could 

be recognized in a very accurate manner. Complete release 
could be surely verified in our procedure.

The principal finding is that our novel method 
of minimally invasive CTR using a hook knife through 
a small transverse incision achieved similar symptom-
atic resolution and minimal adverse events compared to 
those of other mini-open techniques (endoscopic and 
limited longitudinal incision techniques) (Table 3).38,43-45) 

Moreover, it is simpler than endoscopic procedures and is 
expected to involve less postoperative pillar pain and scar 
tenderness as it avoids the need to make an incision on the 
palmar carpal base.

Previous studies support that the postoperative SSS 
and FSS of Boston Questionnaires and QuickDASH score 
are correlated with outcomes of carpal tunnel decompres-
sion, such as patients’ satisfaction.17,46,47) Our study showed 
comparable to better functional outcomes than those in 
other reports on mini-open surgeries (Table 3).38,43-45) In 
other studies, the postoperative QuickDASH scores dem-
onstrated persistent upper limb disabilities.47,48) Our excel-
lent results in terms of QuickDASH and Boston Question-
naires scores might be related to our effort to exclude the 
influence of comorbidities through the selection of a better 
time point of evaluation and the pre-introduction of an 
evaluation focusing on CTS itself during self-assessment 
or telephone interviews. 

Surgical release of carpal tunnel can be performed 

Table 3. Comparison with Other Mini-Open Surgeries

Variable Limited longitudinal 
carpal tunnel release43) 

Endoscopic 
release44)

Ultrasound-guided 
release45)

Mini-transverse incision 
with a bush hook37) This study

Case (hand) 134 97 61 85 111

Mean follow-up period (mo) 3 12 20 6.6 29.4

Symptomatic recovery (%) NA NA 93 92.9 99

BCTQ-S 1.55 1.8 1.2 1.3 1.31

BCTQ-F 1.45 1.7 1.1 1.3 1.19

QuickDASH NA 7.5 2.3 N/A 8.66

Return to work NA 18 day NA 8.5 day 2–4 wk

Wound problem (%) 4.48 0 0.16 0 0

Major nerve injury 0 0 0 0 0

Structural damage (arteries, tendons) 0 0 0 0 0

CRPS NA 0 NA NA 2.7 (temporal)

Recurrence 0 NA  1 NA 0

NA: not applicable, BCTQ-S: Boston Carpal Tunnel Questionnaire symptom severity score, BCTQ-F: Boston Carpal Tunnel Questionnaire functional status 
score, QuickDASH: Quick Disabilities of the Arm, Shoulder, and Hand questionnaire, CRPS: complex regional pain syndrome. 
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with or without a tourniquet. Wide awake local anesthe-
sia and no tourniquet (WALANT) is gaining popularity. 
Although most patients were tolerable to a brief period of 
tourniquet use, some patients complained of discomfort 
associated with tourniquet pressure. WALENT surgery 
maybe a good alternative to CTR under local anesthesia 
with a tourniquet.49-51)

We found some disadvantages of this technique, 
one of which is the learning curve of our novel technique. 
We recommend sufficient preparation with cadaver work-
shop and awareness of the risk factors of the procedure 
when applying this technique. Limitation of indications is 
another drawback of our technique. It is not suitable for 
space-occupying lesions, proliferative tenosynovitis, stiff/
fused wrists, or in patients with previous CTR. However, 
we did not face any difficulty applying our technique to id-
iopathic CTS or even to patients with rheumatoid arthritis 
or chronic renal failure as an initial procedure.

There are some limitations regarding the study de-
sign of this report. First, this is a retrospective case series 
study with no comparative group and no preoperative 
functional evaluation data, so future works comparing 
different surgical procedures based on prospective ran-
domized controlled trials with pre- and postoperative 
evaluations should be considered. Second, we solely fo-
cused on the safety and reliability of our novel procedure 

in this study and did not compare the postoperative pain 
or the return time to ADL or work of our group to those 
of groups managed with other methods. Third, in some 
cases, we incorporated telephone interviews using ques-
tionnaires in the final functional assessment. 

In conclusion, our CTR performed by an experi-
enced surgeon using a hook knife through a small trans-
verse carpal incision is a safe and reliable method with the 
expected benefits of simplicity and minimal invasiveness.
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