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 Background: This study aimed to compare the efficacy and safety of wrist arthroscopy, small incision surgery, and conven-
tional open carpal tunnel release surgery for the treatment of carpal tunnel syndrome.

 Material/Methods: Patients with carpal tunnel syndrome (n=111) were treated with wrist arthroscopy (n=33), small incision sur-
gery (n=40), and conventional open carpal tunnel release surgery (n=38). Incision length, duration of surgery, 
degree of intraoperative bleeding, recovery time, and findings at postoperative follow-up at one month, three 
months, and six months after surgery were recorded. Assessment included the two-point discrimination test, 
the grip and pinch strength test, the visual analog scale (VAS) score for pain, the Levine questionnaire, and 
Kelly’s therapeutic evaluation.

 Results: Incision length, duration of surgery, intraoperative bleeding, and recovery time were significantly reduced in the 
wrist arthroscopy group and the small incision surgery group compared with the conventional surgery group 
(p<0.05). There were no significant differences in the two-point discrimination or grip and pinch strength test 
(p>0.05). Postoperatively, at one month, the VAS score, Levine score, and Kelly’s therapeutic evaluation in the 
wrist arthroscopy group and the small incision surgery group were significantly lower compared with the con-
ventional surgery group (p<0.05). Scar length and scar tenderness in the conventional surgery group were sig-
nificantly increased compared with the wrist arthroscopy group and the small incision surgery group (p<0.05).

 Conclusions: Wrist arthroscopy, small incision surgery, and conventional open carpal tunnel release surgery were effective for 
the treatment of carpal tunnel syndrome, but conventional surgery resulted in more postoperative complications.
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Background

Carpal tunnel syndrome is due to compression of the median 
nerve within the carpal tunnel and is treated surgically. Carpal 
tunnel syndrome is a common condition that includes the symp-
toms of pain and numbness in the fingers, and signs of mus-
cle atrophy [1,2]. The symptom of pain associated with carpal 
tunnel syndrome can cause sleep disturbance. If the condi-
tion is not treated early, it can lead to thenar muscle atrophy 
and weakness that can affect the quality of life of patients.

Treatment of carpal tunnel syndrome includes conservative 
treatment for mild symptoms, but open carpal tunnel release 
surgery is most commonly used for patients with symptoms 
or thenar muscle atrophy and weakness or when conservative 
treatments have failed [3]. Wrist arthroscopy and small inci-
sion surgery are also used in the surgical treatment of carpal 
tunnel syndrome in addition to conventional carpal tunnel re-
lease surgery, and each surgical approach has advantages and 
disadvantages. However, the choice of surgical method for the 
treatment of carpal tunnel syndrome can vary between each 
center and each orthopedic surgeon.

This retrospective observational study was conducted at a sin-
gle center and aimed to compare the efficacy and safety of 
wrist arthroscopy, small incision surgery, and conventional 
open carpal tunnel release surgery for the treatment of car-
pal tunnel syndrome.

Material and Methods

Patients studied

A total of 111 patients with carpal tunnel syndrome who under-
went surgical treatment from February 2017 to December 2017 
were retrospectively reviewed, using the medical and surgical 
records. There were 33 patients who underwent wrist arthros-
copy (the wrist arthroscopy group), 40 patients who underwent 
small incision surgery (the small incision surgery group), and 
38 patients who underwent conventional open carpal tunnel 
release surgery (the conventional surgery group). The clinical 
characteristics of the patients in the three study groups are 
shown in Table 1. In the wrist arthroscopy group, there were 

18 men and 15 women, with a mean age of 41.22±3.28 years, 
and a mean pre-operative history of 8.71±1.22 months. In the 
small incision surgery group, there were 23 men and 17 women, 
with a mean age of 43.23±2.11 years, and a mean pre-oper-
ative history of 8.67±1.98 months. In the conventional sur-
gery group, there were 20 men and 18 women, with a mean 
age of 42.68±2.98 years, and a mean pre-operative history of 
9.11±1.18 months. Comparisons between the group showed 
that there were no significant differences in gender, age, and 
length of the pre-operative clinical history of carpal tunnel 
syndrome between the groups (p>0.05). All subjects signed 
informed consent to participate in the study. The study was 
approved by the Ethics Committee of Ningbo No. 6 Hospital.

Diagnostic criteria for carpal tunnel syndrome

The diagnostic criteria for carpal tunnel syndrome included: 
patients with symptoms of numbness of three-and-a-half fin-
gers on the radial side, waking with nocturnal pain, and thenar 
muscle atrophy and asthenia; >6 mm two-point discrimination 
on testing the index finger; a positive Tinel’s sign; a positive 
Phalen’s test; and patients who had electromyography (EMG) 
testing that showed reduced or absent sensory conduction 
velocity of the median nerve or a prolonged or absent latent 
period, and the appearance of an waveform of the abductor 
pollicis brevis muscle.

Study inclusion criteria

Patients who were included in the study met the diagnos-
tic criteria for carpal tunnel syndrome and required surgical 
treatment, were free from heart disease, diabetes, and other 
diseases that might increase their risk from anesthesia and 
surgery. Patients were included who had no response or per-
sistent symptoms following conservative treatment, patients 
who agreed to participate in this study and signed the in-
formed consent, and patients who complied with medical ad-
vice and treatment.

Study exclusion criteria

Patients were excluded from the study who did not meet the 
above inclusion criteria, female patients who were pregnant or 
lactating, patients with hypertension, diabetes, heart disease, 

Group Male: Female (n) Age (years) Course of disease (months)

Wrist arthroscopy group 18: 15  41.22±3.28  8.71±1.22

Small incision surgery group 23: 17  43.23±2.11  8.67±1.98

Conventional surgery group 20: 18  42.68±2.98  9.11±1.18

Table 1. Characteristics of the patients with carpal tunnel syndrome in the three surgical treatment groups.
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or other major diseases and who could not tolerate surgery, 
patients with mental disease or cognitive impairment, and pa-
tients with cervical spondylosis complicated by and hyperos-
teogeny of the cervical vertebrae.

Wrist arthroscopy surgery

Following anesthesia, patients who underwent wrist arthros-
copy were maintained in the supine position. Disinfectant was 
applied to the surgical site, followed by draping. The trans-
verse horizontal palmar longus tendon, at 1 cm from the ul-
nar side of the wrist, was chosen as the point of the initial 
surgical excision. The thumb was maintained in radial abduc-
tion, parallel to the metacarpophalangeal joint on the ulnar 
side. The intersection point of the long axis between the ring 
finger and the ulnar side was 45 degrees. A tunnel was cre-
ated from the incision site on the ulnar side of the palmaris 
longus tendon, with the outer sleeve aimed towards the ring 
finger. The probe entered the wrist adjacent to the observed 
movement of the flexor tendon. The outer sleeve was inserted 
from the outlet of the carpal canal by lifting the skin upward 
and using a sharp knife. The skin incision was 6 mm in length. 
The subcutaneous tissue underwent blunt dissection and the 
palmar aponeurosis was exposed by the incision (Figure 1). 
The junction between the palm and the flexed ring finger was 
the exit point where an incision about 0.5 cm in length was 
made. The deep fascia was cut, the transverse carpal ligament 
was exposed, and the carpal joint was maintained in dorsal 

extension. The inferior transverse carpal ligament was punc-
tured via the puncture outfit and the skin was pierced at the 
exit point. The cannula was placed along the puncture outfit, 
which was removed and the carpal tunnel endoscope was in-
serted to view and sever the transverse carpal ligament un-
der the direct view of the carpal tunnel endoscope. After any 
bleeding points and the tendon were examined for any abnor-
malities, the carpal tunnel endoscope was removed and the 
wound was sutured (Supplementary Figure 1).

Small incision surgery

Following anesthesia, patients who underwent small incision 
surgery were maintained in the supine position. Disinfectant 
was applied to the surgical site, followed by draping. A lon-
gitudinal incision of 3 cm in length was made at 3 mm from 
the ulnar side of the thenar eminence on the extended line 
of the web of the ring finger. The transverse carpal ligament 
was exposed and excised from the ulnar side of the tendon 
palmaris longus. The flexor retinaculum (transverse carpal lig-
ament) was exposed and removed with tissue scissors. The 
cut end of the transverse carpal ligament was pulled and the 
median nerve was examined. Patients with severe epineurium 
hyperplasia underwent epineurium release. Following hemo-
stasis, 2 mL of dexamethasone was injected into the epineu-
rium, and the wound was sutured and bandaged under pres-
sure (Supplementary Figure 1).

Conventional open carpal tunnel release surgery

Following anesthesia, patients who underwent conventional 
open carpal tunnel release surgery were maintained in the su-
pine position. Disinfectant was applied to the surgical site, fol-
lowed by draping. An incision was made along the thenar mus-
cles and turned to the ulnar side in an arc shape to the distal 
superficial palmar arch at the proximal end. The median nerve 
and its branches were protected, the transverse carpal ligament 
was severed, the synovium was cleared, the epineurium was re-
leased, and the wound was sutured (Supplementary Figure 1).

Surgical evaluation indicators

The incision length, duration of surgery, amount of intraop-
erative bleeding, and time to return to work for the patients 
were recorded in the three treatment groups. Patients were 
followed up at one month, three months, and six months af-
ter surgery. The results from the two-point discrimination test, 
the grip and pinch strength test, the visual analog scale (VAS) 
score for pain, the Levine Questionnaire, and Kelly’s therapeu-
tic evaluation were recorded. Postoperative complications at 
the last follow-up were recorded for all patients.

Figure 1.  A diagram illustrating the surgical procedure of 
wrist arthroscopy for the treatment of carpal tunnel 
syndrome.
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Statistical analysis

SPSS version 20.0 software (IBM, Chicago, IL, USA) was used for 
statistical analysis. Data were expressed as the mean ± standard 
deviation (SD). The t-test was used when the data showed a 
homogeneous normal distribution, the adjusted t-test was used 
when the data showed a heterogeneous normal distribution, 
and the nonparametric test was adopted when the normal dis-
tribution was not met and the variance was heterogeneous. 
The rank sum test was used for ranked data and chi-squared 
(c2) test was used for count data. A p-value <0.05 was consid-
ered to be statistically significant.

Results

Comparisons of the surgical data in the three surgical 
treatment groups

As shown in Table 2, the length of the surgical incision in the 
wrist arthroscopy group and the small incision surgery group 
were significantly less than that in the conventional surgery 
group (p<0.05). The amount of intraoperative bleeding in the 
wrist arthroscopy group was significantly less than in the small 
incision surgery group and the conventional surgery group 
(p<0.05), and was also significantly less in the small incision 
surgery group compared with the conventional surgery group 
(p<0.05). The duration of surgery in the wrist arthroscopy group 
and the small incision surgery group was significantly less when 
compared with the conventional surgery group (p<0.05). Also, 
the recovery time in the wrist arthroscopy group as significantly 

less when compared with the small incision surgery group and 
the conventional surgery group (p<0.05), and was also signifi-
cantly less in the small incision surgery group compared with 
the conventional surgery group (p<0.05).

Comparison of the results of the two-point discrimination 
test

As shown in Table 3, there were no significant differences in 
the results of the two-point discrimination test between the 
three groups at one month, three months, and six months af-
ter surgery (p>0.05).

Comparisons of the grip and pinch strength test

As shown in Table 4, there were no significant differences in 
the results of the grip and pinch strength test between the 
three groups at one month, three months, and six months af-
ter surgery (p>0.05).

Comparisons of visual analog scale (VAS) score for pain, 
the Levine questionnaire score, and Kelly’s therapeutic 
evaluation

The visual analog scale (VAS) scores in the wrist arthroscopy 
group and the small incision surgery group were significantly 
lower when compared with the conventional surgery group at 
one month after surgery (p<0.05). There were no significant dif-
ferences in the VAS scores between the three groups at three 
months and at six months after surgery (p>0.05). The Levine 
questionnaire score in the conventional surgery group was 

Group Length of incision (cm) Blood loss (mL) Surgery time (min) Recovery time (days)

Wrist arthroscopy group 3.38±0.87* 5.56±2.18*# 18.38±5.73* 17.57±5.15*#

Small incision surgery group 3.51±0.98* 8.98±2.33* 21.25±3.77* 28.35±4.22*

Conventional surgery group 8.77±1.21 15.38±4.21 38.92±8.77 44.21±3.56

Table 2.  Comparisons of the surgical data and recovery time of the patients with carpal tunnel syndrome in the three surgical 
treatment groups.

* p<0.05 vs. the conventional surgery group; # p<0.05 vs. the small incision surgery group.

Group 1 month after surgery 3 months after surgery 6 months after surgery

Wrist arthroscopy group  3.21±0.53*  3.18±0.47*  2.89±0.57*

Small incision surgery group  3.48±0.73  3.16±0.31*  2.93±0.46*

Conventional surgery group  3.51±0.31  3.37±0.28  3.08±0.77

Table 3.  Comparison of the findings from the two-point discrimination test (mm) of the patients with carpal tunnel syndrome in the 
three surgical treatment groups.

* p<0.05 vs. the conventional surgery group.
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significantly lower compared with that in the wrist arthroscopy 
group and the small incision surgery group at one month af-
ter surgery (p<0.05). No significant differences were found in 
the Levine questionnaire score between the three groups at 
three months and six months after surgery (p>0.05). The good 
to excellent scores of Kelly’s therapeutic evaluation in the con-
ventional surgery group was significantly greater when com-
pared with the wrist arthroscopy group and the small incision 
surgery group at one month after surgery (p<0.05). The good 
to excellent rate of Kelly’s therapeutic evaluation was not sig-
nificantly different between the three groups at three months 
and six months after surgery (p>0.05) (Figures 2–4).

Comparisons of postoperative complications in the three 
surgical groups

The scar length in the conventional surgery group was sig-
nificantly longer compared with that in the wrist arthroscopy 
group and the small incision surgery group (p<0.05), and was 

Group 
1 month after surgery 3 months after surgery 6 months after surgery

Grip strength Pinch strength Grip strength Pinch strength Grip strength Pinch strength

Wrist arthroscopy 
group

26.21±4.32 5.18±1.21 28.78±5.11 6.82±1.56* 28.67±4.71 7.13±1.21

Small incision 
surgery group

25.78±5.22 5.22±1.79 28.19±4.45 6.78±1.77 28.72±5.25 7.09±1.19

Conventional 
surgery group

26.19±4.47 4.99±1.33 28.79±6.26 6.11±1.33 28.17±4.32 7.11±1.21

Table 4.  Comparison of the findings from the grip and pinch strength test (kg) of the patients with carpal tunnel syndrome in the 
three surgical treatment groups.

* p<0.05 vs. the conventional surgery group.
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Figure 2.  Bar graphs of the visual analog scale (VAS) scores 
in the three surgical treatment groups at 1 month, 
3 months, and 6 months after surgery. * p<0.05 vs. 
the conventional surgery group.
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Figure 3.  Bar graphs of the Levine questionnaire scores in 
the three surgical treatment groups at 1 month, 
3 months, and 6 months after surgery. * p<0.05 vs. 
the conventional surgery group.
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Figure 4.  Bar graphs of Kelly’s therapeutic evaluation scores 
in the three surgical treatment groups at 1 month, 
3 months, and 6 months after surgery. * p<0.05 vs. 
the conventional surgery group
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significantly shorter in the wrist arthroscopy group compared 
with that in the small incision surgery group (p<0.05). The in-
cidence of scar tenderness in the conventional surgery group 
was significantly greater compared with the wrist arthroscopy 
group and the small incision surgery group (p<0.05), and was 
significantly less in the wrist arthroscopy group compared with 
the small incision surgery group (p<0.05). No nerve injury oc-
curred in the three study groups (Table 5).

Discussion

Carpal tunnel syndrome can arise from several causes and is 
associated with a decreased carpal tunnel volume with com-
pression of the median nerve. Surgical treatment involves ex-
cising the transverse carpal ligament to open and increase the 
volume of the carpal tunnel and completely relieve the com-
pression of the median nerve [4,5]. In conventional open car-
pal tunnel release surgery, the tissues between the skin and 
the transverse carpal ligament are completely excised, and the 
transverse carpal ligament is completely removed to relieve the 
compression of the median nerve [6]. Conventional release sur-
gery, which is a simple technique that is widely used, involves 
completely opening the carpal tunnel, with release of the me-
dian nerve, and is definitive and reliable treatment with good 
efficacy [7,8]. However, conventional open carpal tunnel re-
lease surgery can be associated with increased surgical trauma 
that results in longer postoperative recovery times. A further 
postoperative complication of conventional release surgery is 
the formation of scar tissue on the palm of the hand and scar 
tenderness that can be associated with the development of 
a neuroma in the palmar cutaneous nerve branch, which can 
affect the postoperative quality of life [9].

Recent developments in the surgical treatment of carpal tunnel 
syndrome have resulted in improved surgical techniques to reduce 

postoperative pain and improve cosmesis. In small incision sur-
gery, the transverse carpal ligament can also be excised to fully 
decompress the carpal tunnel, which leads to improved efficacy, 
particularly in terms of functional improvement and reduced scar 
hyperplasia [10–12]. Also, in small incision surgery, the require-
ments for surgical instruments and equipment are low, the surgi-
cal approach is simpler, tissue damage is smaller, and the medical 
costs are lower [13]. However, the disadvantage of small incision 
surgery is that during surgery, it is not possible to fully explore 
the structure and condition of carpal tunnel or to excise the flex-
or retinaculum under direct vision, which can lead to incomplete 
release and the accidental damage to tissues and nerves [14,15].

However, not all cases of carpal tunnel syndromes can be treated 
with small incision surgery. Minimally invasive surgery, includ-
ing small incision surgery, is not applicable for carpal tunnel 
syndrome caused by secondary diseases, carpal tunnel tumor, 
and abnormalities in the muscles of the hand or wrist. With 
the rapid development of endoscopic techniques for minimally 
invasive surgery, carpal tunnel surgery using wrist arthroscopy 
has become increasingly used. The results of the present study 
showed that the length of the surgical incision and surgery time 
in wrist arthroscopy and small incision surgery were significantly 
shorter when compared with conventional release surgery. Also, 
the amount of intraoperative bleeding in wrist arthroscopy and 
small incision surgery was significantly less than that in con-
ventional release surgery, and was significantly less in wrist ar-
throscopy compared with small incision surgery, indicating that 
wrist arthroscopy and small incision surgery, as minimally inva-
sive surgical methods, cause less damage to tissues, improve 
postoperative recovery, and result in shorter recovery time of 
patients with carpal tunnel syndrome.

There were no significant differences in the improvement of 
grip and pinch strength and two-point discrimination of pa-
tients with carpal tunnel syndrome between the three treat-
ment groups. The three surgical methods all reduced compres-
sion of the median nerve caused by carpal tunnel syndrome. 
At one month after surgery, wrist arthroscopy and small inci-
sion surgery reduced the symptoms of pain significantly more 
than conventional release surgery. However, the early efficacy 
of wrist arthroscopy and small incision surgery was not su-
perior to that of conventional release surgery, and no signifi-
cant differences were found in long-term efficacy between the 
three surgical methods. The possible reason is that in conven-
tional release surgery, the transverse carpal ligament can be 
excised to fully decompress the carpal tunnel with improved 
release the median nerve. However, scar formation after con-
ventional release surgery was significantly greater when com-
pared with scar formation after wrist arthroscopy and small in-
cision surgery, and the incidence rate of scar tenderness after 
conventional release surgery was significantly greater when 
compared with wrist arthroscopy and small incision surgery.

Group 
Scar length 

(cm)
Incidence rate of 

scar tenderness (%)

Wrist arthroscopy 
group

1.12±0.97*# 31*#

Small incision surgery 
group

2.67±1.21* 43*

Conventional surgery 
group

5.21±1. 31 57

Table 5.  Comparison of the findings of the postoperative scar 
length (cm) and scar tenderness (%) of the patients 
with carpal tunnel syndrome in the three surgical 
treatment groups.

* p<0.05 vs. the conventional surgery group. # p<0.05 vs. the 
small incision surgery group.
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Supplementary Figure 1.  Operative images demonstrating the three surgical procedures used in the treatment of carpal tunnel 
syndrome. (A, B) Wrist arthroscopy surgery for the treatment of carpal tunnel syndrome. (C, D) Small incision 
surgery for the treatment of carpal tunnel syndrome. (E, F) Conventional open carpal tunnel release surgery 
for the treatment of carpal tunnel syndrome.

A

C

E

B

D

F

Previously published studies have reported that in the surgical 
management of patients with carpal tunnel syndrome, wrist 
arthroscopy is associated with less tissue damage and more 
rapid recovery [16,17]. In minimally invasive wrist arthroscopy, 

the transverse carpal ligament can be excised under direct vi-
sion with the help of the endoscope, which avoids accidental 
damage to other tissues, so that surgical trauma is reduced, 
there are few postoperative complications, and patients can 
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recover quickly [18,19]. However, specialized surgical instru-
ments and equipment are required to perform wrist arthroscopy, 
surgeons require training in the arthroscopic technique, and 
the costs of surgery may be higher, although inpatient costs 
are reduced due to a shorter postoperative hospital stay [20].

Conclusions

This retrospective clinical study on the surgical management of 
patients with carpal tunnel syndrome was conducted at a single 
center. The findings showed that wrist arthroscopy and small 
incision surgery significantly reduced the damage to the skin, 
palmar aponeurosis, muscles of the hand, cutaneous nerves, 

and blood vessels, when compared with conventional open 
carpal tunnel release surgery. Arthroscopic wrist surgery re-
sulted in significantly less postoperative pain, leading to a re-
duced length of hospital stay and improved functional recovery 
when compared with conventional surgery. From the findings 
from the experience of this center, selection of the surgical 
procedure should be individualized for each patient with car-
pal tunnel syndrome to obtain the optimal therapeutic effect 
with the least risk of surgical complications.
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