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Abstract

Background: Previous studies have indicated that the thread carpal tunnel release (TCTR) is a safe and effective technique.
Through a study on | | cadaveric wrists, the TCTR procedure was modified and the needle control accuracy was improved
to 0.15 to 0.2 mm, which is precise enough to preserve superficial palmar aponeurosis (SupPA), Berrettini branch, and
common digital nerves. The aim of the present study was to verify the modified TCTR clinically. Methods: The modified
TCTR was performed on 159 hands of |16 patients. The Boston Carpal Tunnel Syndrome Questionnaire was used for
assessing the outcomes. Statistical analyses were used to compare the outcomes with the available data from the literature
for the open and endoscopic techniques. Results: TCTR led to significant improvement in the short-term results, and the
outcomes were better in long-term results compared with the open or endoscopic release. The SupPA, Berrettini branch,
and common digital nerves were protected. There was no neurovascular complication for any case. Significant relief of
symptoms was observed 3 to 5 hours post procedure. Most patients used their hands on the day of the procedure for
simple daily activity. Patients reported their sleep quality was improved on the surgical day. Most patients with office jobs
were able to return to work on postoperative day |, and those with repetitive jobs returned to work in about 2 weeks.
The statistical evidence proves that the modified TCTR procedure results in improved clinical outcomes as compared with
open carpal tunnel release (CTR) and endoscopic CTR. Conclusions: The TCTR procedure has been shown to be a safe
and effective technique for CTR. The modified TCTR procedure minimizes postoperative complications, such as pillar
pain, scar tenderness, or functional weakness, by avoiding unnecessary injuries to the surrounding structures around the
transverse carpal ligament during the procedure.

Keywords: carpal tunnel release, carpal tunnel syndrome, percutaneous procedure, thread dissecting procedure,
ultrasound-guided procedure

the exact spot at the palm of the hand because of the obstruc-
tion of the stiff and bulging distal portion of the TCL. There
is a risk for injuring the superficial palmar arterial arch
(SPA) if the needle exits too distally,'>'® or a risk of incom-
plete transaction of distal TCL if the needle exits too proxi-
mally. Other concerns include injury of the common digital
branch, or the communicating branch between the ulnar
nerve and median nerve, called Berrettini branch,**** if the
needle control accuracy is not improved.

Recently, the TCTR procedure has been modified with the
entry-at-palm approach, in which the routing needle enters

Introduction

The thread carpal tunnel release (TCTR) is a minimally
invasive procedure for transecting the transverse carpal liga-
ment (TCL) by sawing the ligament with a piece of thread
looped percutaneously under the guidance of ultrasound.'’
The method ensures that the division happens only inside the
loop of thread around the target without injuring adjacent
tissues. The thread can be easily routed in the body using a
spinal needle with only 2 punctures as entry and exit points.
The advantage is to minimize iatrogenic injuries.

A previous study on 34 hands of 20 patients has indi-
cated that TCTR procedure is safe and effective, using only
2 needle puncture sites, no incision, local anesthesia, and
can be performed in the clinic without need for an operating
room. Patients have no scarring and can return to work
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within a few days after the procedure."
During the TCTR procedure, surgeons may have chal-
lenges in manipulating the routing needle to exit the skin at
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the skin at the palm of the hand and exits near the wrist, rather
than entering near the wrist and exiting at the palm (the entry-
at-wrist approach). With this modification, not only does the
needle easily exit near the wrist with the wrist dorsiflexion,
but also the needle angulation and positioning becomes more
accurate at this critical space near the entry point that con-
tains “at-risk” structures, because it is easier to handle a flex-
ible needle with its tip close to the entry than its tip away
from the entry as the previous situation of needle exiting.
Furthermore, instead of beginning with an 18G needle, a 27G
needle is used to start the routing at the palm. Then, the 18G
needle follows the track of the fine needle to continue further
routing. Using a flexible fine needle to start routing is helpful
for better coordination with the ultrasound probe and better
control of the needle positioning near the entry.

In arecent study on 11 unembalmed cadaveric wrists, the
modified TCTR procedure was verified and the needle con-
trol accuracy was measured to be 0.15 to 0.2 mm, which is
precise enough to protect the superficial palmar aponeurosis
(SupPA), Berrettini branch, and common digital nerves."*

The purpose of this study was to evaluate the clinical
outcomes of the modified TCTR. We hypothesized that the
modification would result in improved clinical outcomes as
compared with open carpal tunnel release (OCTR) and
endoscopic carpal tunnel release (ECTR).

In the present study, TCTR was performed on 159 hands
of 116 patients. The Boston Carpal Tunnel Syndrome
Questionnaire (BCTQ)" was used for assessing the symp-
tom severity and functional status of the patients to measure
outcomes. The outcomes were then compared with the
OCTR and ECTR outcomes in the literature through statis-
tical analyses.

Materials and Methods

General

The study is under the surveillance of the Quality
Committee. To date, a total of 159 TCTR procedures have
been performed on 116 patients in 14 months by 3 sur-
geons. The average age of patients was 54.83 + 12.72,
with an age range of 26 to 84 years. There were 39 males
and 77 females. Of these patients, 43 patients had TCTR
on both hands on different dates. None of the hands had
prior carpal tunnel release (CTR). There were 17 patients
with diabetes. All of the patients either failed conservative
management or requested a surgical release. The prepro-
cedure sonographic evaluation showed that all patients
were eligible for TCTR without exclusion.

The diagnosis of carpal tunnel syndrome (CTS) was based
on standard clinical criteria, including history, physical
examination, electromyography (EMG), and sonographic
studies. All patients completed a preprocedure BCTQ and a
24-hour and 6-month postoperative phone call follow-up.

Clinical postoperative evaluations were completed at 3 to 7
days, 1 month, 3 months, and 1 year. Patients completed the
BCTQ at each follow-up (phone call and evaluation).

Equipment

The equipment utilized for the technique includes a muscu-
loskeletal ultrasound system, a 30G 1-inch needle, a 27G
1.5-inch needle, 2 18G 3.5-inch spinal needles, a piece of
surgical dissecting thread (Loop&Shear™, 0.009 inch in
diameter; Ridge & Crest Company, Monterey Park,
California), 1% lidocaine 5 mL, and 0.5% lidocaine 10 mL.

Limit Points of Division

The limit points of division determine the location and the
size of the division on the TCL. The distal limit point was
selected sonographically at the tip of the duck’s beak (DB),
shaped at the distal portion of TCL together with palmar apo-
neurosis, blending with the SupPA at a more superficial level
(Figure 1). The concept of the DB was first presented by
RojoMnaute et al.*® The proximal limit of point was the exit
point, which is at 2 cm proximal to the distal wrist crease.

Diagnosis

Most patients had suffered from CTS for at least 12 months
and failed conservative treatments. There were 5 patients
with severe thenar atrophy, abductor pollicis brevis weak-
ness, and constant numbness and tingling in median nerve
sensory distribution. There were 25 patients with impaired
2-point discrimination.

Preprocedure sonographic evaluation revealed anatomic
variants of the patients, such as Berrettini branch, bifid
median nerve, trifid median nerve, persistant median artery,
variant superficial palmar arch, accessory abductor digiti
minimi, and proximal origin of the lumbricals in the carpal
tunnel. EMG was used to confirm the diagnosis.

Procedure and performance

The procedures were performed in a clinic procedure room
by a surgeon with a medical assistant operating at the key
board of the ultrasound machine.

An ultrasound was used to identify the median nerve, the
third and fourth common digital nerves, Berrettini branch if it
exists, the flexor tendons, the proximal and distal margins of
the TCL, the bony marks of pisiform, tubercle of the scaphoid,
hook of the hamate, tubercle of the trapezium, and the SPA.

Using a 30G 1-inch needle, 1 mL of 1% lidocaine was
injected subcutaneously at the entry and exit points for local
anesthesia. All patients were under local anesthesia, were
conscious during the procedure, and were able to cooperate
with the surgeon.
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Figure |. Duck’s beak (distal on left).

Note. The TCL blends with the superficial palmar aponeurosisas to show
a hyperechoic area like a DB. The DB overlies the palmar fat pad, seen
as a hypoechoic area between the DB and the flexor tendons. DB = the
duck’s beak; SC = subcutaneous fibroadipose tissue of the palm; SPA =
superficial palmar arterial arch; SupPA = superficial palmar aponeurosis;
fd = fat pad; TCL = transverse carpal ligament; FDS = flexor digitorum
superficialis tendons; FDP = flexor digitorum profundus tendons; MC =
metacarpal bone; C = capitate bone.

Figure 2. The routing needle traveled between the entry and
exit points.

The routing needle traveled between the entry point on
the palm and exit points at the wrist (Figure 2). The routing
process includes 2 needle passes. The first pass is at the
dorsal side of the TCL, and the second pass is at the palmar

Figure 3. The routing path of thread with SupPA (top) or
without SupPA (bottom) in the loop (distal on right).

Note. SupPA = superficial palmar aponeurosis; PS level = plane of the
line connecting the pisiform and scaphoid bones; SC = subcutaneous
fibroadipose tissue of the palm; HT level = plane of the line connecting
the hook of hamate and trapezium tuberosity bones; SPA = superficial
palmar arterial arch; DeepPA = deep palmar aponeurosis; TCL =
transverse carpal ligament; FDS = flexor digitorum superficialis tendons;
FDP = flexor digitorum profundus tendons; R = radius; L = lunate bone;
C = capitate bone; MC = metacarpal bone.

side. The 2 different routing paths are illustrated in Figure 3.
The whole process was under the real-time visualization of
ultrasound, and was involved with hydrodissecting all the
time (injecting fluid to hydrostatically separate the tissues
and create the space in between). The details are described
as follows.

Step I. Inserted a fine needle into carpal tunnel at DB. A
27G needle was inserted subcutaneously at the palm of the
hand, advanced proximally with hydrodissection with 1%
lidocaine. After being passed over SPA (Figure 4), it was
penetrated through the SupPA, then through the deep layer
of palmar aponeurosis (DeepPA), then into the carpal tun-
nel at the tip of the DB (Figure 5). The needle was then
removed.

Step 2. The first pass via the dorsal side of TCL. An 18G
spinal needle was slightly curved at the tip and distal shaft.
Following the track of the needle in step 1, the needle was
placed into the carpal tunnel, and advanced along the dor-
sal surface of the TCL toward exit point (Figure 6). With
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Figure 4. The 27G needle passed over the SPA.

Note. SPA = superficial palmar arterial arch; SC = subcutaneous fibroadipose
tissue of the palm; SupPA = superficial palmar aponeurosis; DB = the duck’s

beak; fd = fat pad; FDS = flexor digitorum superficialis tendons; FDP = flexor
digitorum profundus tendons; MC = metacarpal bone.

dorsiflexion of the wrist, the needle exited at the exit point
near the wrist. One end of the cutting thread was sent to the
entry side from the exit side through the needle, and the
needle was then withdrawn while leaving the thread in the
carpal tunnel.

Step 3. The second pass via the palmar side of TCL. A
straight 18G spinal needle was placed into the same entry
point, advanced subcutaneously along palmar surface of
SupPA, and exited at the same exit. The thread emerging
from the hand was then passed through the needle, leaving
the thread looped around the ligament (Figure 3, top).

Ultrasound was used to check the thread loop (Figure 7,
top). The TCL was manually dissected by a reciprocating
motion of the thread until the thread moved out of the hand.
It took about 10 seconds.

Modified step 3. The second pass with preserving SupPA. In
this step, the SupPA will be excluded from the loop. After
step 2, a straight 18G spinal needle followed the track of
the needle in step 1 to be sent through the SupPA, and then
advanced along the dorsal surface of the SupPA, instead of
the palmar surface in step 3, until exiting at the same exit
(Figure 3, bottom, and Figure 7, bottom).

The first 48 cases were performed with step 3, and the
following cases were performed with a modified step 3.

Figure 5. The 27G needle passed through the SupPA at the tip
of DB.

Note. SupPA = superficial palmar aponeurosis; DB = the duck’s beak;
SC = subcutaneous fibroadipose tissue of the palm; TCL = transverse
carpal ligament; SPA = superficial palmar arterial arch; FDS = flexor
digitorum superficialis tendons; FDP = flexor digitorum profundus
tendons; MC = metacarpal bone.

Statistical Analyses

The statistical analyses were conducted on the BCTQ scores
to compare the outcomes for different postoperative inter-
vals with the data from ECTR and OCTR from the litera-
ture. The P values were calculated through z tests. The
significant level used was .05.

Results

The TCTR procedure was performed with the modified
technique as described on a total of 159 cases.

For the first 23 cases, Kenalog 20 mg mixed with 0.5%
lidocaine was used as the hydrodissection fluid. Unexpectedly,
there were 7 cases with mild clear fluid oozing at the exit
point postoperatively. Five of these patients healed in 7 to 10
days whereas 2 developed infection. One infected case
involved a patient with chronic pain syndrome and poor
hygiene. She had not returned to the clinic for the routine 3-
to 7-day follow-up. She returned to the clinic only after she
was aware of the infection at the exit point. The patient was
placed on 7 days of antibiotics and the exit point wound was
treated and covered to keep dry and clean. The signs of infec-
tion disappeared in 2 days. Subsequent follow-up revealed
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Figure 6. The 18G needle in the first pass.

Note. SupPA = superficial palmar aponeurosis; TCL = transverse carpal
ligament; DB = the duck’s beak; SPA = superficial palmar arterial arch;
FDS = flexor digitorum superficialis tendons; FDP = flexor digitorum
profundus tendons; MC = metacarpal bone.

her carpal tunnel symptoms had completely resolved with no
scar at the exit point. The second infection case was related to
a patient with type I diabetes. Her carpal tunnel symptoms
had completely resolved on postoperative day 1; however,
there was mild clear oozing at the exit point without infec-
tion. Although she was instructed to keep the wound dry dur-
ing the follow-up visit on day 7, she returned to work on day
8 and washed her hands frequently as required by her job.
She was immediately placed on antibiotics when erythema
was noticed at the exit point on postoperative day 10. She
ended up with open drainage.

It was decided that no steroid would be used for the sub-
sequent cases, considering that it was possible that use of
steroid was related to oozing and infection in previous
cases. There were no infections in subsequent cases.

After completing the first 48 cases (26 with steriod and
22 without steriod), the TCTR procedure was modified to
preserve SupPA for minimizing injury of the unnecessary
surgical trauma. The Berrettini branch and common digital
branch were protected for all the cases. We have success-
fully completed all TCTR procedures without neurovascu-
lar impairments or other postoperative complications of
skin neuropraxia, sensory cutaneous neuroma—caused pal-
mar symptoms, or reflex sympathetic dystrophy. There was
no scarring.

Figure 7. The sonographical view of the completed routing
loop with (top) or without (bottom) the SupPA included.

Note. SupPA = superficial palmar aponeurosis; TCL = transverse carpal
ligament; FDS = flexor digitorum superficialis tendons; FDP = flexor
digitorum profundus tendons.

The results of statistical analysis are presented as the
means, standard deviations, and P value for the cases in
scores of BCTQ to compare with the data of the open and
endoscopic surgeries from Trumble et al** in Table 1. There
was no significant difference between TCTR and ECTR/
OCTR groups for day 0 (before the procedure). There were
significant differences between TCTR and ECTR/OCTR at
all of the postoperative intervals through 1 year. The symp-
tom severity mean score of TCTR for 1 day was signifi-
cantly better than scores of ECTR/OCTR for 1 year, and the
functional status score of TCTR for 1 month was better than
scores of ECTR/OCTR for 1 year.

Statistically, the evidence of the study supports the
hypothesis that the modified TCTR would result in
improved clinical outcomes as compared with OCTR and
ECTR.

For most patients, the numbness and tingling was
relieved 3 to 5 hours postoperative and sleep quality
improved the night of the procedure. Only 2 patients took a
couple of tramadol on the first night. Patients were able to
use their hands the day of the procedure for simple daily
activities such as eating, driving, or controlling a computer
mouse. Most patients with office jobs returned to work or
were eligible to return to work the day after the procedure.
Some patient with repetitive work returned to work in a few
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Table 1. Comparisons.
A: Symptom severity mean (SD) scores.
Guo et al Trumble et al** Statistical significance
P value
Postoperative
interval TCTR Mean (SD) Cases Endoscopic 97 cases Open 95 cases Vs endoscopic Vs open Note
0 day 3.19 (0.71) 159 3.2(0.14) 3.1 (0.13) >.05 >.05
| day 1.67 (0.48) 159 <.001 <.001 Vs Trumble’s data
for 52 weeks
| to 2 weeks 1.64 (0.44) 154 2.3 (0.15) 3.1 (0.15) <.001 <.001 Vs Trumble’s data
One week Two weeks Two weeks for 2 weeks
4 weeks 1.48 (0.42) 135 2.0(1.4) 3.0 (0.12) <.001 <.001
8 weeks 1.9 (0.12) 2.7 (0.13)
12 weeks 1.39 (0.73) 11 1.8 (0.14) 2.5 (0.11) <.001 <.001
26 weeks 1.19 (0.51) 96 1.7 (0.13) 1.8 (0.1) <.001 <.001
52 weeks 1.14 (0.30) 41 1.8 (0.15) 1.8 (0.1) <.001 <.001

B: Functional status mean (SD) scores.

Guo et al Trumble et al** Statistical significance
P value
Postoperative Endoscopic 97
interval TCTR Mean (SD)  Cases cases Open 95 cases Vs endoscopic Vs open Note
0 day 2.56 (0.89) 159 2.7 (0.12) 2.7 (0.08) >.05 >.05
| day 2.29 (0.91) 159
| to 2 weeks 1.93 (0.78) 154 22 (0.11) 3.0 (0.11) <.001 <.00l Vs Trumble’s data
One week Two weeks Two weeks for 2 weeks
4 weeks 1.49 (0.59) 135 1.9 (0.11) 2.6 (0.08) <.001 <.001
8 weeks 1.9 (0.13) 2.5(0.12)
12 weeks 1.30 (0.65) 11 1.7 (0.1) 2.4 (0.1) <.001 <.001
26 weeks 1.20 (0.66) 96 1.8 (0.13) 1.8 (0.09) <.001 <.001
52 weeks I.11 (0.25) 41 1.7 (0.1) 1.7 (0.11) <.001 <.001
Note. TCTR = thread carpal tunnel release.
days with some restrictions. Those with significantly repeti- Discussion

tive jobs, such as factory jobs and any job with manual
labor, returned to work in about 2 weeks. Two long-distance
truck drivers returned to work within 4 days.

There were 8 patients who suffered from mild to moder-
ate pillar-pain-like symptoms between 2 and 6 weeks.
Sonographic evaluation revealed flexor carpi radialis teno-
synovitis for 3 cases, flexor carpi ulnaris tenosynovitis for 2
cases, periostitis of hook of the hamate for 2 cases, and peri-
ostitis at the tuberosity of the trapezium for 1 case. Each case
was treated with a 5-mg kenalog injection and the symptoms
were completely relieved. There were 5 severe CTS cases in
which patients with thenar atrophy and constant numbness
and tingling in the median nerve distribution had complete
tingling relief, considerable relief of numbness, and thumb
function improvement with subsequent follow-ups. In addi-
tion, 4 patients with a history of needle faint and severe anxi-
ety had the procedure successfully completed.

Based on results of statistical analyses of the scores of
BCTQ, a significant improvement was reported in 24 hours
for the symptom severity and 1 week for functional status
(P <.001, vs day 0), compared with the traditional proce-
dures in which there were at least 3 weeks for obvious
symptom relief and 4 to 6 weeks for functional improve-
ment. The follow-ups for 1 month, 3 months, and 6 months
also showed significantly better outcomes in the short term
and better long-term outcomes than that for OCTR and
ECTR. There were no postoperative complications (after
the discontinuation of steroids in the procedures) and no
scars; recovery time was short for all the cases.

Pillar pain is the most common complication after CTR,
described as the pain between the thenar and hypothenar
areas of the hand. The occurrence was estimated to be 28%
t0 30%,%° 7% to 61%,>*71125-2628 3604 8 1994 for open sur-
gery and 28% for endoscopic surgery,' or 6% to 36%
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regardless of the surgical technique.® Although the etiology
remains elusive, Ludlow et al summarized pillar pain into
four categories: ligamentous or muscular, anatomic changes
in the carpal arch, neurogenic cause, and edematous
changes.”' Seitz et al hypothesized pillar pain was the result
of a combination of ligamentous disruption with exposed
nerve endings and loss of an anatomically covered carpal
canal from loss of the biomechanical and neuroprotective
qualities of the flexor retinaculum.’' Morrell et al assumed
the etiologies are related to the biomechanical consequences
of CTR, including structural alterations, muscle and tendon
effects, and neurogenic and edematous effects.”’

The OCTR requires a relatively large incision and causes
surgical trauma. The ECTR occasionally makes iatrogenic
injury to the median nerve and tendons by inserting a can-
nula into the pressurized and diseased carpal tunnel, which
also increases the deformation of the carpal tunnel.

For the present 159 cases, no patient experienced skin
neuroma pain, reflex symptomatic dystrophy pain, or pillar
pain, although there were 8 cases that showed some pillar-
pain—like symptoms. The result of zero complications was
due to the extreme preciseness of TCTR, through which
median nerve compression was relieved by dissecting exact
TCL without injuring and disturbing adjacent structures.
The postoperative swelling was minor at volar palm and
wrist, especially when SupPA was preserved in the TCTR
procedure.

There were cases associated with OCTR and ECTR in
which injury to the Berrettini branch occurred and resulted
in painful neuroma formation or alteration of the sensibility
of ulnar side of middle and radial side of the ring finger."'***
The incidence of the Berrettini branch is reported to be 67%
to 100 %.>>!13222429323 Klic et al found 81 Berrettini
cases from 100 dissected palms.'® Many researchers mapped
the Berrettini branch through different measurement or
classification or defined a danger zone for avoiding iatro-
genic injury."

Ultrasound provides high-quality images and can track
the whole course of the third common digital nerve from the
median nerve branching off to the proper digital nerve, and
the ulnar nerve and its sensory branches to ring finger and
little finger, as well as Berrettini branch if it exists. In the
procedure of TCTR, it is not important to identify whether
the patient has Berrettini branch or which type it belongs to
as the branch is under clear observation and a hydrodissect-
ing maneuver can push the median nerve away from the
TCL to create a hypoechoic fluid space between the dorsal
surface of the TCL and the palmar surface of the median
nerve smoothly and gently. The looping path is manipulated
in the hydrodissected hypoechoic fluid space, and the
Berrettini branch is excluded from the routing loop. Several
Berrettini cases were encountered in the current study, and
they showed no significant difference from other cases dur-
ing the procedure. There was no postoperative sensory
abnormality in any cases.

The study showed, through the technique of TCTR, that
all of the possible postoperative complications, such as pil-
lar pain, scar tenderness, or functional weakness, might be
minimized by avoiding the unnecessary injuries and distur-
bances to the surrounding structures of the TCL during the
procedure of decompressing the median nerve.
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