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Abstract

Objective: To compare the effects of coronal Z-type lengthening of transverse carpal ligament with conventional

open approach for carpal tunnel syndrome. 

Methods: A double-blinded study was conducted from January 2005 to August 2008 on 68 patients with

a mean age of 41 years (range 27~55 years) diagnosed as severe carpal tunnel syndrome. They were

randomized into two groups(A and B). Patients in group A underwent coronal Z-type lengthening of

transverse carpal ligament, and patients in group B had conventional open approach surgery.

Postoperative evaluation was scheduled at 1, 3, 6 and 12 months after the surgery and incidence rate

of bowstring of the flexor tendons, improvement of grip strength and ADL activities of daily living) score

were recorded. 

Results: Fifty-eight patients had been followed up successfully, 30 and 28 for group A and B respectively. The

Scar Tissue Formation of the flexor tendons in group B was observed more than that in group A at 6 and 12

month after operation. Improvement of grip strength were observed in two groups, which was statistically

different between 6 and 12 months after operation and no significant difference was seen between 1 and 3

months after operation. According to ADL, the satisfaction rates documented on form for patients were

statistically different in the two groups at 6 and 12 months after operation and no difference was noted at 1 and

3 months after operation. 

Conclusion: Excellent improvement of function and satisfaction were achieved by Coronal Z-type reconstruction

of the flexor retinaculum for severe carpal tunnel syndrome. Our method offers a more effective alternative

method for conventional carpal tunnel open decompression surgery.
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Introduction

Carpal tunnel syndrome (CTS) is a disorder

caused by compression at the wrist of the median nerve

supplying the hand, causing numbness and tingling.

CTS is a common peripheral nerves entrapped disease

with only treatment of transverse carpal ligament

cutoff. Although surgery under arthroscopy or

minimally invasive surgical technology has many

advantages such as minimal wound, faster recovery, the

1/3 severe CTS left still need conventional open

decompression surgery to treat. Transverse carpal

ligament was damaged unavoidably in conventional

open decompression surgery, leading to unstable bony

structure of carpal canal, bowstring of flexor tendon,

permanent attenuated grip strength, even loss of work

capacity for young workers.1 Accordingly, based on

researches of anatomy and images, we developed the

coronal Z-type lengthening of transverse carpal

ligament for young patients with severe CTS and got

better clinical effect. 

Patients and Methods

Sixty-eight patients with severe CTS confirmed

by clinical physical examination and electromyogram

were enrolled, male 42, female 26, and 54 and 14 cases

with right and left hand affected respectively. These

patients were randomly assigned into group A and B,

34 cases respectively. Group A had 19 males and 15

females; whereas group B had 23 males and 11

females. Patients in group A received the surgery of

coronal Z-type lengthening of transverse carpal

ligament, and patients in group B underwent

conventional open decompression approach. The study

was double-blinded. Postoperative evaluations were

scheduled at 1, 3, 6 and 12 months after operation, and

incidence rate of malformation of flexor tendon,

improvement of grip strength, ADL (activities of daily

living) were recorded.

To keep the operation field clear, the pneumatic

tourniquet was fixed on the upper arm of affected limb.

Anaesthesia of brachial plexus block was employed. In

group A, Z-type lengthening of transverse carpal

ligament was conducted. Sigmoid incision with 6cm

length on palmar surface of wrist, after skin and

subcutaneous tissue was cut-off, free skin flap about

2.5cm bilaterally, avoiding injury to the superficial

palmar branch of median nerve was formed. After the

transverse carpal ligament was exposed, a longitudinal

section 1.5mm deep at the ulnaris of the ligament was

done. The distance between the incision and middle

point of the ligament was 1 cm. The incision in the

vertical direction paralleled with the ligament, and went

through the middle point of the ligament and ended at

the radialis of the ligament. The distance between

ending point and middle point was also 1cm, and then

the ligament was cut-off at the ending point

longitudinally. Care was taken not to injure the recurrent

branch of median nerve. The median nerve was carefully

explored, and compression factors were relieved. If

needed, epineurium or lamellar sheath was released,

then the transverse carpal ligament was stretched

transversally and the extended ligament was sutured. A

0.5cm tissue overlapped, then 5-0 atraumatic suture was

used to fix the transverse carpal ligament and 3-0 suture

lines was used to fix the skin. In this surgery, the

transverse carpal ligament can be extended as long as

about 1cm. In group B, firstly the transverse carpal

ligament was exposed, then it was cut-off in the middle

point longitudinally. Later the ligament would retract

because of the tension, and a gap about 0.5-1cm width

would be formed. After the median nerve was

decompressed, the skin was sutured with 3-0 suture lines

directly (Figure). After bandage, the wrists in both

groups was fixed with dorsal wrist plaster slab in neutral

position.

The improvement of grip strength, incidence rate

of bowstring of the flexor tendons and ADL score were

evaluated with SPSS software.

Results

Thirty patients in group A and 28 patients in

group B were followed. Scar Tissue formation of the

flexor tendons was not seen at 1 and 3 month after the

operation in both groups. This deformation was

encountered in 1 case in group A , 11 in group B at 6th

month after operation, and 8 patients in group A, 26

cases in group B at 12th month after operation (Table-
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Table-1: UC incidence rate of bowstring of the flexor tendons at

different time after operation for both groups.

1th month 3 month 6 month 12 month

Group A 0 0 3.3% 26.7%

Group B 0 0 39.3% 92.9%

p p 0.05 p 0.05

Table-2: The recovery rate of affected hands at different time after

operation for both groups.

1 month 3 month 6 month 12 month

Group A 7.8% 32.9% 71.2% 68.8%

Group B 7.2% 31.3% 36.0% 38.5%

p p 0.05 p 0.05? p 0.01 p 0.01



1). The grip strength of affected hands before operation

in group A and B was 7±1.1kg and 4.5±1.5kg

separately, and the corresponding grip strength of

healthy hands was 49±7.5kg and 47±7.0kg separately.

At 1st, 3rd, 6th, 12th month after operation, the grip

strength improved apparently, which was 8.5±1.2 kg,

20.8±1.4 kg, 39.6±7.5 kg, 38.4±6.4 kg in group A and

7.9±1.0 kg, 19.2±1.2 kg, 21.4±6.2 kg, 22.6±4.5 kg in

group B, but there was no significant difference for

recovery rate of grip strength between 1st month and

3rd month (recovery rate of grip strength=grip strength

of affected hand after operation - grip strength of

affected hand before operation/the grip strength of

corresponding healthy hand); and the recovery rate of

grip strength was different significantly at 6th and 12th

month after operation (Table-2).The satisfaction rate

was statistically different in the two groups at 6th and

12th months after operation and no difference at 1st and

3rd month (Table-3).

Discussion

Carpal tunnel syndrome(CTS) was described by

James Paget2 firstly in 1865. In 1933, the release of

transverse carpal ligament was used to treat CTS for the

first time by Jamse learmonth.3 For nearly one century,

cut-off of transverse carpal ligament was the only method

to treat CTS, which was refractory to expectant

treatment. There were three modus operandi for surgery

of release of carpal tunnel for nerve decompression:

conventional open decompression, open decompression

under arthroscopy of wrist, and minimally invasive open

decompression. An open decompression under

arthroscopy of wrist or minimally invasive open

decompression were good for mild to moderate CTS,

however for severe CTS, the methods mentioned above

were not satisfactory.4,5 Conventional open

decompression surgery can fully expose carpal tunnel

and median nerve, which was the only option for severe

CTS. However, conventional surgery cannot repair

transverse carpal ligament, and sometimes part of

transverse carpal ligament was removed, leading to Scar

Tissue Formation of the flexor tendon. Wrist flexion and

permanent weakness of grip strength can influence living

and work abilities for young people severely, so many

labourers lost their work.

Transverse carpal ligament is an important

structure for wrist to maintain the mechanical effect of

flexor tendons and can protect muscle tendons and

nerves in carpal canal. Change in the direction of

movement of tendons plays an important role in

biomechanical effect of tendons.6 Forward7 reported

that when transverse carpal ligament was totally

severed, the Scar Tissue Formation of flexor tendons

formed apparently. Therefore, it is the consensus of

researchers that reconstruction of transverse carpal

ligament after total cut-off was essential.8 Mathoulin9

reestablished the transverse carpal ligament with skin

flap transplantation in corpses, which can increase the

volume of carpal tunnel by about 40.92% and prevent

bowstringing of flexor tendon effectively. Lee Berger10

conducted inflatable extension of transverse carpal

ligament with 75% satisfaction rate, and most patients

went back to work in two weeks. However, some

researchers got the opposite conclusion that there was

no significant difference between reconstruction of

transverse carpal ligament, especially for older patients,

with extension in sagittal plane.11 In this study, the

extension surgery in coronal plane not only augmented

carpal tunnel volume, but reconstructed the anatomic

structure of transverse carpal ligament and carpal

tunnel. We also found that when transverse carpal

ligament was totally cut-off in conventional surgery, the

incidence rate of bowstringing of the flexor tendons was

92.9%, and grip strength of affected hand was

significantly weaker than the healthy hand. Besides, 1

month and 3 months after surgery, bowstringing of the

flexor tendons did not happen in cut-off group or

reconstruction group, which may be due to the

scarification, but at 6 months and 12 months after
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Table-3: ADL score at different time after operation for both

group.

1 month 3 month 6 month 12 month

Group A 27.8±5.2 28.8±5.8 32.7±7.1 34.6±4.8.

Group B 26.2±7.1 28.0±6.8 24.8±7.0 24.2±6.0

p p 0.01 p 0.01 p 0.01 p 0.01

Figure: Coronal Z-type Lengthening of the Transverse Carpal Ligament.



surgery, the cases with bowstringing of the flexor

tendons in reconstruction group was 1 and 8

respectively. The reason may be over extension of

transverse carpal ligament, too early and too widely use

of affected hand, and laceration of reconstructed

transverse carpal ligament. Therefore, the optimum

extension length for transverse carpal ligament was

about 1cm, and the time for weight loading of the

affected hand was more than 3 months.

The grip strength of affected hand recovered

slowly after 1 month and 3 months of the surgery,

which may be caused by the soreness and fixation of

tendons, but 6 months and 12 months after the

operation, the grip strength improved, and

reconstruction was better. There is no significant

difference for ADL score between the two groups after

1 and 3 months, dissatisfaction for grip strength and

soreness within 1 month after surgery may be the main

reasons. ADL score was different significantly between

the two groups after 6 and 12 months respectively, and

the satisfaction rate was better in reconstruction group

in which complications of surgery related scaring,

bowstringing of flexor tendon, responsive sympathetic

dystrophy and rigidity of wrist joint was less. Besides,

morbidity of pillar pain was lower in reconstruction

group because of less cutaneous nerve depression. No

vessels and nerves were injured and no serious

infection occurred in both groups. However, one case

in reconstruction group relapsed, and symptoms

disappeared after the second surgery, which may be

caused by insufficient extension of the transverse

carpal ligament.

Conclusion

In conclusion, compared with conventional open

decompression surgery, the characters of coronal Z-type

lengthening of the transverse carpal ligament included;

restoring normal anatomy of carpal tunnel, stable

construction of carpal tunnel, keeping trochlear

function of transverse carpal ligament to flexor tendon,

preventing bowstringnig of flexor tendon and restoring

grip strength.
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