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Objective: This study aimed to determine the safety and accuracy of
ultrasound-guided acupotomy percutaneous loosening of the transverse
carpal ligament.

Methods: The 100 upper limb specimens were equally divided into the
ultrasound-guided acupotomy group (U) and the nonultrasound-guided
acupotomy group (N). For the U group, we simulated ultrasound-guided
acupotomy loosening of the transverse carpal ligament in a human
specimen, and for the N group, we performed the loosening of the
transverse  carpal ligament through the same approach under
nonultrasound-guided conditions. The safety and accuracy of the two
methods were compared through measurement.

Results: In the ultrasound-guided group, the injury rate of nerves, blood vessels
and tendons caused by needle-knife release was 0%. In the non-ultrasound-
guided group, the rate of nerve, blood vessel and tendon damage was 6
percent, 12 percent and 20 percent, respectively. ;52 test (Fisher exact test)
was performed for the nerve and blood vessel damage rates in the two
groups (Pn>0.05, P4<0.05), the difference in nerve damage rates was not
statistically significant, but the difference in blood vessel damage rates was
statistically significant. Pearson’s 42 test was performed on the tendon injury
rates of the two groups (Pr<0.05), and the difference was statistically
significant. In the ultrasound-guided group, the proportion of acupotomy
marks greater than or equal to half of the width of the transverse carpal
ligament was 86%, and the non-ultrasound-guided group was 36%. The
accuracy of the two surgical methods was tested by Pearson’s 2 test (P, <
0.05), and the difference was statistically significant. According to the
measurement, the ultrasound-guided acupotomy technology had high safety
and accuracy.
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Conclusion: In this study, we designed a new method for cutting the transverse carpal
ligament under ultrasound guidance, which is different from surgery. These results
indicate that this is a safe and accurate method of interventional treatment of carpal

tunnel syndrome.
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Introduction

Carpal tunnel syndrome (CTS) is the most common
compressive neuropathy (1). Its incidence rate in the United
States is 6.7%-7.8% (2-4), and the annual medical cost
exceeds approximately 2 billion United States dollars, mostly
for surgical treatments (5). The cost of acupotomy for carpal
tunnel syndrome is low, the curative effect is good, and the
patients readily accept it (6-8). Acupotomy is derived from
the acupuncture needles of traditional Chinese medicine.
Acupotomy is as effective and safe as surgery for mild to
moderate carpal tunnel syndrome. The traditional acupotomy
treatment of carpal tunnel syndrome cuts and loosens the
attachment point of the transverse carpal ligament to achieve
a therapeutic effect (9-13).

However, because acupotomy therapy is a closed operation,
visual field blindness requires doctors to have high anatomical
knowledge, which increases the risk of the treatment. The
development of ultrasound technology can overcome this
challenge of closed acupotomy surgery (14). The use of an
ultrasound-guided acupotomy can provide a clear view of the
acupotomy and the surrounding anatomical structures, which
greatly improves the safety and effectiveness of the treatment (15).

Therefore, this study used fixed human cadaver specimens
to design a new surgical method for cutting the transverse
carpal ligament with an acupotomy under the guidance of
ultrasound and to verify the rationality of the approach
through studies of clinical anatomy. This new technique was
compared with the method of loosening the transverse carpal
ligament through the same approach under nonultrasound-
guided conditions. This study provides a safe and reliable
ultrasound-guided acupotomy release technology reference for
the clinical treatment of CTS.

Materials and methods
General

Fifty adult specimens (32 men and 18 women) fixed with
10% formalin were selected, aged 52-95 years old, with an
average age of 83.36 (SD 8.02) years and a total of 100 upper
limb specimens. All specimens were collected from the body
donation center of Peking University School of Basic
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Medicine. All specimens had no wrist injuries, such as
deformities, trauma, or obvious degeneration. All experimental
operations were performed by one operator. An ultrasound
system (Wisonic Medical Technology Co., Ltd., model:
Wisonic-Navi) and a high-frequency linear array ultrasound
probe (8-13 MHz) were used. An acupotomy (length: 50 mm,
diameter: 1.0 mm) was used in this study. The acupotomy is a
miniature surgical instrument consisting of a handle, a needle

body and a blade (Figure 1).

Ultrasound-guided acupotomy lysis
technique (U)

From 100 upper limb specimens, 50 specimens were
selected for the operation of loosening the transverse carpal
ligament with acupotomy under ultrasound guidance. First,
the operator lie the palm of forearm flat, touched the palmar
longus tendon with hand, opened the ulnar edge of the
palmar langus tendon 3 mm to the side on the ulnar side and
intersected the proximal wrist transverse line at point A. Point
B was set at the junction of the middle finger and the ring
finger, and then the line AB was connected. The Kaplan line
was drawed.

L B
R

FIGURE 1
Front and side view of the acupotomy.
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FIGURE 2

—
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Schematic diagram of probe placement (left) and ultrasound short axis display of the distal boundary of the transverse carpal ligament (right). The plus
sign refers to the width of the transverse carpal ligament. Tra, trapezium bone; TCL, transverse carpal ligament; Ham, hamate bone; R, radial; U, ulnar

After touching the trapezium bone and the Hamate bone, a
high-frequency ultrasound probe was used to place the
connection line between the two, and the transverse scan was
used to identify the distal boundary of the transverse carpal
ligament for precise positioning. Note that the midline of the
transverse axis of the ultrasound probe was always aligned with
AB while keeping the wires overlapping (Figure 2). After marking
the surface depth and bottom depth of the transverse carpal
ligament in the ultrasound image, the probe was turned to
longitudinal scanning. Note that the midline of the longitudinal
axis of the ultrasound probe always overlapped line AB.

Afterward, in-plane needle insertion was performed at the
distal end of the transverse carpal ligament approximately
3 mm away from the probe. This was needle insertion point 1
(Figure 3). Note that needle insertion point 1 should not
exceed the Kaplan line. When the needle was inserted, the
needle body of the acupotomy and the skin fomed an angle of
approximately 20°, and the knife surface was held
perpendicular to the skin. The ultrasound images showed that
when the acupotomy penetrates the skin and reached the
surface of the transverse carpal ligament, the transverse carpal
ligament needed to be cut 3 times, and cutting was
performed. The length of the cut was approximately 12 mm.
Note that the vertical depth of the needle tip in the
ultrasound image should not exceed the depth of the bottom
layer of the transverse carpal ligament previously marked
(Figure 4). During the push-cutting process, the touch tissue
being cut under the acupotomy could be clearly felt. After the
cutting was completed, the needle was removed.
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FIGURE 3

A schematic diagram of the needle entry point and the surrounding
anatomical structure. 1, Proximal transverse carpal striae; 2,
Superficial transverse palmar ligament; 3, Palmar longus tendon; 4,
Transverse carpal ligament; 5 Median nerve; 6, Ulnar artery; 7,
Ulnar nerve; 8, Kaplan line; 9, Palmar Superficial arch; (A) the
intersection of the palmar longus tendon with 3 mm lateral to the
ulnar side and the transverse stripes of the proximal wrist; (B) the
intersection of the ring finger and the middle finger.
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FIGURE 4
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Schematic diagram of probe placement (left) and ultrasound-guided needle knife release diagram (right). The triangle refers to the needle knife
position. The asterisk refers to the median nerve. @, needle entry point 1; TCL, transverse carpal ligament; FDS, flexor digitorum superficialis;
Met, metacarpal bone; Cap, capitate bone; Lun, lunate bone; Rad, radius.
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FIGURE 5

Schematic diagram of probe placement (left) and short-axis ultrasound display of the proximal boundary of the transverse carpal ligament (right). The
plus sign refers to the width of the transverse carpal ligament. Pis, pisiform bone; TCL, transverse carpal ligament; FCR, flexor carpi radialis; N, median
nerve; FDS, flexor digitorum superficialis; Tri, triquetral bone; Lun, lunate bone; R, radial; U, ulnar

The needle insertion method at needle insertion point 2 was
similar to the needle insertion method at needle insertion point
1. After touching the navicular bone and pea bone with hand,
the operator used a high-frequency ultrasound probe to place a
connecting line between the two, and used a cross-sectional
scan to identify the wrist transverse. The proximal boundary of
the ligament was marked with the superficial and underlying
depths of the transverse carpal ligament in the ultrasound
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image, and then the probe was turned for longitudinal
scanning (Figure 5). In-plane needle insertion was performed
at the proximal end of the transverse carpal ligament
approximately 3 mm away from the probe. This was needle
insertion point 2 (Figure 3). Similarly, under ultrasound
guidance, (Figure 6), the transverse carpal ligament was cut 3
times, and the cut length was approximately 12 mm. Finally,
the operator removed the needle (Figure 7).
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FIGURE 6

Schematic diagram of probe placement (left) and ultrasound-guided needle knife release diagram (right). The triangle refers to the needle knife
position. The asterisk refers to the median nerve. @, needle entry point 2; TCL, transverse carpal ligament; FDS, flexor digitorum superficialis;
Rad, radius; Lun, lunate bone; Cap, capitate bone; Met, metacarpal bone

FIGURE 7
Ultrasound guided needle knife release technique completed (left) and ultrasound long axis display (right). The triangle refers to the needle knife
position. The long arrow points to the intersection of the needle points of the needle knife. @, needle entry point 1; @, needle entry point 2.

Non-ultrasound gUIded acupotomy [ysis cutting length is approximately 12 mm, and then the needle
techniq ue (N) was removed (Figure 8).

The other 50 cases underwent a procedure using a
nonultrasound-guided acupotomy to loosen the transverse Local anatomy of the Carpal tunnel
carpal ligament. Without ultrasound guidance, the acupotomy acu potome retention site
was inserted percutaneously into needle insertion point 1 and

needle insertion point 2, and when it reached the transverse The shortest lateral distance (L1 and L2, 11 and 12) between
carpal ligament and the needle tip seemed to touch the tough needle insertion point 1 and needle insertion point 2 and the
tissue, the transverse carpal ligament was cut three times. The cutting traces of the acupotomy from the median nerve were
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FIGURE 8

The completed needle insertion technique of the non-ultrasonic guided needle knife release technique. @, needle entry point 1; @, needle entry
point 2; 1, Kaplan line; (A) the intersection point of the palmar longus tendon with 3 mm lateral to the ulnar side and the transverse stripes of the
proximal wrist; (B) the intersection of the ring finger and the middle finger.

measured on the cadaver, and the median nerve was directly
observed to determine whether there were traces of cuts,
whether the median nerve was cut, whether the sheath was
damaged (none; minor damage: slight scratches on the
surface; severe damage: the sheath is completely cut by the
acupotomy) (Figure 9).

The shortest lateral distance (L3 and L4, 13 and 14) between
the acupotomy cutting marks at needle insertion point 1 and
needle insertion point 2 from the ulnar artery was measured,
and whether there were cut marks on the ulnar artery was
directly observed (Figure 9).

The shortest longitudinal distance between needle entry
point 1 and the superficial palmar arch (L5) and the shortest
longitudinal distance between the needle tip of needle entry
point 2 and the superficial palmar arch (I5) were measured,
and whether there were cut marks on the superficial palmar
arch was directly observed (Figure 9).

We also directly observed whether there was damage to the
superficial flexor tendon (none; minor damage: slight damage to
the surface or 10% of the thickness of the injured tendon) and
whether there was damage to the flexor tendon sheath (none;
minor damage: slight scratches on the surface; serious
damage: the tendon sheath was completely cut away by the
acupotomy).

The injury rates of the median nerve, blood vessels and
superficial flexor tendon were calculated. The calculation
method was as follows: injury rate (%)=number of injury
cases + total number of cases x 100%.

We directly observed whether the cutting marks of
acupotomy entry point 1 and needle entry point 2 were
located in the transverse carpal ligament or deviated from the
target loosening area and we measured the total length of the
cutting marks at acupotomy entry point 1 and needle entry
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point 2 (L) and the width of the transverse carpal ligament
(W). accuracy (%) =(L>W/2)
number of cases + total number of cases x 100%.

Calculation of accuracy:

The skin was cut while the needle remained in place, and
then the soft tissue was separated layer by layer. We observed
the structures, blood vessels and nerves along the puncture
path, and took pictures of each layer. The acupotomy’s
position was observed after TCL exposure. Finally, the TCL
was removed to expose the median nerve to observe its integrity.

Statistical analysis

Measurement data such as anatomical data are expressed as
the mean and standard deviation (SD), and count data such as
accuracy and injury rate are expressed as percentages (%). The
x> test was used for comparisons between groups, and the
difference was considered statistically significant at P < 0.05.

Results
Safety assessment

In this study, the acupotomy entry point and the distances
between the acupotomy cutting trace and the blood vessel and
nerve were measured (Tables 1, 2). In the U group, there
were 6 cases of median nerve sheath injury, including 5 cases
of minor injury with slight scratches on the surface, and 1
case of severe injury (it was cut by the acupotomy), but no
obvious actual median nerve injury was seen. There was no
obvious ulnar artery injury and no obvious superficial palmar
arch injury. Eight flexor tendon sheaths were injured by
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FIGURE 9

Schematic diagram of measurement Proximal

indicators. 1,
transverse carpal striae; 2, Transverse carpal ligament; 3, Median
nerve; 4, Palmar Superficial arch; 5, Kaplan line; 6, Ulnar artery; @,
needle entry point 1; @, needle entry point 2; (A) the intersection
of the palmar longus tendon with 3 mm lateral to the ulnar side

and the transverse stripes of the proximal wrist; (B) the
intersection of the ring finger and the middle finger; L1, the
shortest lateral distance between needle insertion point 1 and
median nerve; 1, the shortest lateral distance between the cutting
traces of the acupotomy at needle insertion point 1 and median
nerve; L2, the shortest lateral distance between needle insertion
point 2 and median nerve; 2, the shortest lateral distance
between the cutting traces of the acupotomy at needle insertion
point 2 and median nerve; L3, the shortest lateral distance
between needle insertion point 1 and ulnar artery; 13, the shortest
lateral distance between the cutting traces of the acupotomy at
needle insertion point 1 and ulnar artery; L4, the shortest lateral
distance between needle insertion point 2 and ulnar artery; 4, the
shortest lateral distance between the cutting traces of the
acupotomy at needle insertion point 2 and ulnar artery; L5, the
shortest lateral distance between needle insertion point 1 and
palmar superficial arch; |5, the shortest lateral distance between
the needle tip at needle insertion point 2 and palmar superficial arch.

acupotomy, including 3 cases of severe injury and 5 cases of
minor injury. There was no obvious damage to the superficial
flexor tendon.

In group N, there were six cases of median nerve sheath
injury, including three cases of minor injury with slight
scratches on the surface, and three cases of severe injury (cuts
by the acupotomy). There were three cases of median nerve
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TABLE 1 Safety measurement of needle entry point.

Length Maximum Minimum
(x+s) value (mm) value (mm)
(mm)

U-L1 240+ 1.44 7.13 0.77
U-L2 227 £1.30 6.98 0.67
U-L3 3.50 £ 1.65 7.01 091
U-L4 438+ 1.95 9.70 151
U-L5 3.01+2.01 7.98 0.79
N-L1 4.01£2.05 9.28 0.00
N-L2 3.55+2.30 12.92 0.00
N-L3 331+ 1.67 6.96 0.00
N-L4 3.81£2.04 9.42 0.00
N-L5 4.18+2.64 9.62 0.00

U, ultrasound-guided needle-knife release technique group; N,
ultrasound-guided needle-knife release technique group; L1, the shortest
lateral distance between needle entry point 1 and the median nerve; L2, the
shortest distance between needle entry point 2 and the median nerve
Horizontal distance; L3, the shortest horizontal distance from the needle
insertion point 1 to the ulnar artery; L4, the shortest horizontal distance from
the needle insertion point 2 to the ulnar artery; L5, the shortest longitudinal
distance from the needle insertion point 1 to the superficial palmar arch.

non-

TABLE 2 Safety measurement of the cutting trace of the needle knife.

Length (X + s) (mm) Maximum Minimum
value (mm) value (mm)
U-l1 2.51+135 6.54 0.58
U-l2 238+1.23 6.18 0.64
U-13 3.51+1.94 8.73 0.57
U-l4 4.02+2.01 9.65 0.71
U-I5 10.68 +3.95 18.67 3.99
N-11 3.62+2.03 7.88 0.00
N-I2 340+ 1.92 6.69 0.00
N-13 271+ 1.68 6.31 0.00
N-l4 2,67+ 134 5.65 0.00
N-I5 11.88 +6.27 25.08 0.00

U, ultrasound-guided needle-knife release technique group; N, non-ultrasonic
guided needle-knife release technique group; 1, the shortest lateral distance
between the cutting trace of needle insertion point 1 and the median nerve;
12, the cutting of needle insertion point 2 The shortest lateral distance
between the trace and the median nerve; |3, the shortest lateral distance
from the cutting trace of needle entry point 1 to the ulnar artery; 14, the
shortest lateral distance from the cutting trace of needle entry point 2 to the
ulnar artery; 15, the shortest lateral distance from needle entry point 2 The
shortest longitudinal distance between the tip of the needle and the shallow
arch of the palm.

injury, four cases of ulnar artery injury and two cases of
superficial palmar arch injury. Sixteen flexor tendon sheaths
were injured by the acupotomy, including seven cases of
minor injury and nine cases of severe injury. There were 10
cases of superficial flexor tendon injury, including five cases of
minor injury and five cases of severe injury.
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In the U group, there were no nerve, blood vessel, or tendon
injuries in any of the 50 specimens, and the injury rate was 0%.
In the N group, there were three cases of nerve injury, six cases
of vascular injury, and 10 cases of superficial flexor tendon
injury among the 50 specimens. The damage rates to nerves,
blood vessels, and tendons were 6%, 12%, and 20%,
respectively (Table 3). The y* test was performed on the
injury rate of the two types of surgical nerves and blood
vessels, Py > 0.05, Py <0.05. The difference in the nerve injury
rate was not statistically significant, but the difference in the
vascular injury rate was statistically significant, indicating that
in terms of blood vessel safety, ultrasound-guided acupotomy
technique is better than the nonultrasonic-guided acupotomy
technique. Pearson’s y” test was performed on the tendon
injury rate between the two groups. The y* value was 11.111,
Pp<0.05, and the difference was statistically significant,
indicating that the ultrasound-guided acupuncture technique
is superior to nonultrasound-guided acupuncture in terms of
tendon safety (Table 4).

Accuracy assessment

In the U group, there were 43 cases with acupotomy cutting
marks greater than or equal to half the width of the transverse
carpal ligament. There are 18 cases in N group. Pearson’s 3 test
was performed on the accuracy of the two surgical procedures,
P;<0.05, and the difference was statistically significant,
indicating that the ultrasound-guided acupuncture technique
is better than the nonultrasonic-guided acupuncture technique
in terms of accuracy (Table 5).

Anatomy of the wrist

Anatomical observation revealed an acupotomy puncture
path through the skin, fat, palmar aponeurosis, and transverse
carpal ligament in the ultrasound-guided operation
(Figure 10). No major blood vessels or nerves were observed
in the puncture path. The final needle position was between
the median nerve and the ulnar artery (Figure 11). Under
direct observation, the exposed median nerve, ulnar artery,

and superficial palmar arch were intact (Figure 12), while the

TABLE 3 Number and percentage of injuries in the two groups.

10.3389/fsurg.2022.906109

TABLE 4 Comparison of injury rates between the two groups.

Cases Nerve Artery Tendon Py P, Pr

U 50 0% 0% 0% 0.242  0.027  0.001
N 50 6% 12% 20%

U, ultrasound guided acupotomy release technique group; N, non-ultrasound
guided acupotomy release technique group.

TABLE 5 Comparison of the accuracy of the two groups.

Cases w L L>W2 x> P
U 50 22.38+1.53 17.52 +4.69 86% 26.272 0.000
N 50 23.25+2.39 11.25+2.53 36%

U, ultrasound-guided acupotomy technique group; N, non-ultrasonic-guided
acupotomy technique group; W, width of transverse carpal ligament; L, total
length of acupotomy cutting marks.

FIGURE 10

The longitudinal section of the needle-knife release technique
guided by ultrasound. 1, ulnar nerve; 2, ulnar artery; 3, transverse
carpal ligament; 4, superficial palmar arch; 5, palmar aponeurosis
(section); @, needle entry point 1; @, needle entry point 2.

transverse carpal ligament had obvious cut marks (Figure 13).
This indicates that the cutting method of the ultrasound-
guided acupotomy for CTS can cut the transverse carpal
ligament and will not damage the main blood vessels or
nerves near the puncture path.

Median nerve Median nerve Ulnar artery Superficial palmar  Total flexor tendon Superficial flexor
sheath (cases/ (cases/percent) (cases/percent) arch (cases/percent) sheath (cases/ tendon (cases/
percent) percent) percentage)
U 6/12% 0/0% 0/0% 0/0% 8/16% 0/0%
N 6/12% 3/6% 4/8% 2/4% 16/32% 10/20%

U, ultrasound guided acupotomy release technique group; N, non-ultrasound guided acupotomy release technique group.
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FIGURE 11

Anatomical view of the needle-knife release technique guided by ultrasound. 1. Palmar longus tendon; 2. Proximal transverse carpal striae;
3. Abductor pollicis brevis; 4. Ulnar artery; 5. Ulnar nerve; 6. Superficial branch of ulnar nerve; 7. Palmaris brevis; 8. Transverse carpal ligament;
9. Palmar aponeurosis; 10. Superficial palmar arch; @, needle insertion point 1; @, needle insertion point 2.

FIGURE 12

The anatomical diagram of the ultrasound-guided needle knife
release. 1. Transverse carpal ligament (turned up); 2. Median nerve;
3. Needle tip; 4. Ulnar artery; 5. Ulnar nerve.

Frontiers in Surgery

09

However, in the nonultrasound-guided group, although the
puncture route was the same, the needle body often deviated
from the AB line to the left or right under nonvisual
conditions, resulting in blood vessel damage (Figure 14) or
nerve or tendon damage due to a deep puncture (Figure 15).

Discussion
Introduction of the acupotomy

The increased pressure in the carpal tunnel caused by the
thickening of the transverse carpal ligament is one of the
main causes of carpal tunnel syndrome. Increased pressure in
the carpal tunnel can lead to subsynovial connective tissue
damage and fibrous hyperplasia, further squeezing the median
nerve and causing nerve damage (16). Therefore, loosening of
the transverse carpal ligament is an important factor affecting
the cure rate of carpal tunnel syndrome (17).
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FIGURE 13

The vertical view (top left, top right) and side view (bottom left, bottom right) of the ultrasonic guided needle knife cutting trace. The asterisk refers to
the cutting marks of the needle knife. 1. Proximal transverse carpal striae; 2. Palmar longus tendon connected to the palmar aponeurosis (cut);
3. Transverse carpal ligament; 4. Ulnar artery; 5. Ulnar nerve; 6. Superficial palmar branch of ulnar artery; 7. Palm Superficial arch; 8, common
palmar artery; 9, transverse carpal ligament (turned up); @, needle entry point 2.

Visualized acupotomy therapy has achieved good clinical
effects in CTS patients. The acupotomy is a medical tool used
to pierce the human body with a needle to achieve a
therapeutic effect. It is similar to a miniature scalpel but its
cutting method is contrary to the traditional scalpel. It cuts
some fibers of the transverse carpal ligament by pushing and
cutting. Generally, in acupotomy, the part to be treated must
of
discontinuous lines. Such surgery can cut the thickened

be cut 3-5 times to form the same cut marks

transverse carpal ligament to achieve decompression
(Figure 12). The diameter of the acupotomy is usually 0.4-
1.2 mm, which is similar to the needle of an ordinary syringe.
Therefore, the acupotomy has a shoving and loosening effect

during insertion and puncture operations in human tissue so
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that the human body can repair the damage involved in its
use spontaneously, and the possibility of scar formation is
extremely low (18).

However, traditional acupotomy treatment is a nonvisual
closed operation, lacking objectivity and safety. If acupotomy
loosening of the transverse carpal ligament cannot be
performed correctly, complications such as vascular and
nerve injury will occur during the puncture (19). Therefore,
the the
effectiveness of acupotomy treatment has become a key

use of visualization to ensure safety and
issue for its future development. In this study, ultrasound
guidance was used to better ensure the safety and feasibility
of acupotomy therapy. In addition, ultrasound guidance

does not involve radiation.
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FIGURE 14
The needle knife penetrated the ulnar artery in the non-ultrasound
guided group. 1, Ulnar artery.

FIGURE 15

The median nerve was scratched by a needle knife in the non-
ultrasound guided group. The asterisk refers to the cutting marks
of the needle knife. 1, Transverse carpal ligament (turned up in
section); 2, Median nerve.

Ultrasound can provide real-time that are

noninvasive, safe, convenient and flexible. It is therefore

images
suitable for clinical application in acupotomy therapy.
However, to the best of our knowledge, there is no prior
report of a fixation technique used with ultrasound-guided
acupotomy treatment for CTS.
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This study designed a surgical procedure that uses
ultrasound guidance to visualize the entire acupotomy
operation. The image of the tissue targeted by the acupotomy
can be displayed by ultrasound. High-frequency ultrasound
probes were used to examine carpal tunnel structures, such as
the transverse carpal ligament, median nerve, ulnar artery,
superficial palmar arch, and the flexor digitorum tendon. In
this study, the acupotomy approach was chosen for in-plane
needle insertion. This ensures real-time observation of the
acupotomy tip and the position of the body during the
operation, thereby preventing damage caused by the inability
to determine the position of the acupotomy. In addition,
ultrasound can realize real-time monitoring of blood flow.
However, it cannot be used to monitor blood flow in a
corpse. Other studies have shown that ultrasound can be used
to monitor the blood flow in the target carpal tunnel to avoid
unnecessary injuries during the clinical process.

Surgical design

The design of this experimental procedure refers to the
surgical procedure of carpal tunnel lysis under endoscopy for
the treatment of carpal tunnel syndrome (20, 21). To avoid
damage to the normal anatomical structure, endoscopic carpal
tunnel lysis usually makes anatomical surface markings and
drawing the planned incision line before the operation: after
marking the palmar longus tendon, follow the palmar longus
tendon Draw a 15 mm horizontal line from the distal wrist
transverse line to the ulnar side, which is the transverse
incision for the endoscope to enter the carpal tunnel; then
draw the Kaplan line and intersect it with the longitudinal
line drawn along the ulnar side of the middle finger. The
mirror usually runs along this longitudinal line of the middle
finger and penetrates into the carpal tunnel below the
transverse carpal ligament and stops before the Kaplan line.
The this
experiment refers to these two lines.

ultrasound-guided acupotomy treatment in

The Kaplan line is often referred to as the safety marking
line for hand surgery. By consulting the literature (22-25), it
can be found that there are different anatomical descriptions
of the Kaplan line. Two versions can be used as a clinical
surgical guide: one is from the line that intersects the fold
between the thumb and index finger and the hook bone hook,
and the other is to draw a line along the fold that intersects
the index finger when the thumb is abducted to the ulnar
side, which represents the approximate distal boundary of the
transverse carpal ligament range, more than 10 mm away
from the shallow palmar arch. The former is a method of
drawing Kaplan lines for identifying deep palm structures
such as deep palmar arches and deep branches of the ulnar
nerve. However, since the surgical procedure studied in this
experiment does not involve deep palm structures, it is not
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discussed here. The ultrasound-guided acupotomy does not go
deeply into the carpal tunnel when loosening the transverse
carpal ligament and instead pushes and loosens the transverse
carpal ligament, so only the superficial structure of the palm
is involved.

According to the needs of the operation, the Kaplan line is
drawn using the method of “drawing from the vertex of the
interfinger fold between the thumb and index finger to
the ulnar side of the hand, parallel to the middle crease of the
hand” (24, 26). According to an anatomical study of 24
human specimens, the distance between the superficial palmar
arch and the extension line of the radial edge of the middle
finger is approximately 12.5 mm (27). In, another study that
60 human specimens were dissected to obtain the distance,
which was reported to be 10.4 (SD 4) mm (26). Therefore, to
avoid damage to the shallow palmar arch, the needle entry
point of the acupotomy will need to be below the intersection
of the Kaplan line and the AB line. The design of these two
needle entry points ensures that the transverse carpal ligament
is more fully released and cut, and due to the specific
anatomical structure of the carpal tunnel, the median nerve
enters and exits the two places of the carpal tunnel, namely,
the navicular bone and the pea bone. The space between the
large horn and the hook bone is usually the most severe place
of nerve entrapment, and it is also the place where most
patients have tenderness in clinical practice (28-30). On the
other hand, to improve safety, it is necessary to avoid only
one needle entry point, since if the needle tip of the
acupotomy crosses the Kaplan line it will damages the shallow
palmar arch.

Comparison of ultrasound-guided
acupotomy release technique and
endoscopic carpal tunnel release

Compared with endoscopic carpal tunnel lysis, the
advantage of the ultrasound-guided acupotomy technique is
that the acupotomy is released from the surface of the
transverse carpal ligament, and the needle entry approach
does not pass through dangerous anatomical structures. There
was no obvious median nerve or ulnar artery damage in all
50 specimens in the U group.

The endoscopic carpal tunnel lysis technique requires the
endoscope to pass through the carpal tunnel as a closed
compartment, that is, to cut and release the carpal tunnel
from the bottom layer of the transverse carpal ligament.
However, there is a risk of damaging the median nerve
because the carpal tunnel is a cylindrical inelastic cavity, and
the endoscope will squeeze the median nerve that is already
inflamed and affected by edema in the narrow carpal tunnel
(31, 32). The literature (33) has reported iatrogenic injury of
the median nerve even if endoscopic surgery is performed
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accurately. It is worth noting that even experts who perform
endoscopic carpal tunnel lysis do not know the threshold
pressure that may cause iatrogenic injury of the median nerve
during the introduction of the cannula into the diseased
carpal tunnel (34).

In this study, if the acupotomy cutting mark (L) was greater
than or equal to half of the width of the transverse carpal
ligament (W), we recorded it as “accurate” or “effective cut”.
This is because we still have doubts about whether the TCL
should be completely cut when the patient has CTS for the
first time. In the literature (1), it has been shown that
complete cutting of the TCL will affect the recovery of the
patients’ hand function, and some patients will have reduced
hand grip strength or hand weakness after surgery.

At the same time, due to the limited visibility of the distal end
of the transverse carpal ligament, endoscopic carpal tunnel lysis
also leads to incomplete loss of the transverse carpal ligament.
Cobb TK and others (27) dissected 50% of 24 human
specimens and found incomplete loosening. Some scholars
found that this incomplete loosening was approximately 4 mm
through anatomical studies, sometimes because the distal end of
the transverse carpal ligament did not release, and sometimes
there was no release in the middle (22, 27). However, for this
incomplete release, studies have shown that the therapeutic
effect is no different from that of fully open surgery (35). Cobb
TK and others (36) measured the average change in the width
of the carpal bone in the palm of the hand after partial and
complete release. An anatomical study found that the 4 mm
incomplete release of the distal transverse carpal ligament also
allowed the expansion of the carpal arch. There is no difference
between the results of partial and complete release of the
transverse carpal ligament. Therefore, this experimental study
also calculated that the incomplete release rate of less than or
equal to 4 mm after ultrasound-guided acupotomy release of the
transverse carpal ligament was 64%, and cases with complete
release accounted for 30%. There were 43 cases where the total
degree of release reached more than half of the transverse carpal
ligament, accounting for 86%. Of course, whether it has a good
effect on the loosening of more than half of the transverse
carpal ligament remains to be clinically verified.

The ultrasound-guided acupotomy minimally invasive
technique for loosening the transverse carpal ligament is still
a conservative treatment and cannot completely replace
but this
procedure provides doctors and patients with a choice, that is,

endoscopic carpal tunnel lysis, experimental
as a minimally invasive approach that can be tried first. After
all, the time and economic cost of the two are completely
different. It takes less time for doctors to learn ultrasound,
and it is easier (37, 38). However, endoscopic carpal tunnel
lysis has a higher treatment risk, which significantly increases
the risk of reversible postoperative injury (32, 39). Brown RA
and others (40) therefore advocates for the establishment of

effective training programs for surgeons, such as performing
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simulated surgery training on human specimens. There are also
researchers (31) who have conducted relevant studies on
whether the results of endoscopic surgery are affected by the
proficiency of doctors’ surgical skills and found that the
difference is statistically significant. Doctors have a learning
curve (41, 42), there are high technical requirements and a
requirement for anesthesia, requiring the cooperation of
anesthesiologists and doctors. In this case, considerable costs
will be incurred. The ultrasound-guided acupotomy technique
can be performed by a single person, and only one ultrasound
device is needed, indicating the requirements for endoscopic
equipment are higher (43, 44).

For patients, conservative treatment is more psychologically
acceptable and less expensive than surgical treatment. Andreu
JL and others (45) and Ucan H and others (46) also
first,
conservative treatment is ineffective should surgical treatment
be the
acupotomy to loosen the transverse carpal ligament, the

recommend conservative treatment and only if

attempted. Compared with ultrasound-guided
surgical wound of the endoscopic carpal tunnel lysis is larger,
and the risk of complications such as postoperative wound
infection is higher (32). Endoscopic surgery requires patients
to be hospitalized for observation, and it takes longer for
patients to return to work. Ultrasound-guided acupotomy is
faster and more convenient. Patients can leave as soon as they
are done. They can recover faster and save time and costs for
patients. Moreover, patients have greater psychological
expectations for surgery and cannot accept surgery-related
complications or the results of surgery failure. The literature
(47) examined a nationwide legal database and described the
most common causes of medical malpractice litigation after
CTL surgery. The three most common causes were nerve
damage, persistent pain and numbness, and local sympathetic
dystrophy.

In addition, ultrasound has an advantage that other tools
cannot match, that is, the detection of anatomical variations
(34). Studies have shown that if the distance between the
median nerve and the ulnar artery is less than 3 mm,
endoscopic carpal tunnel surgery is not appropriate to avoid
damage to the artery (48, 49). There are also literature studies
(34) suggesting that ultrasound or MRI should be used to
check whether the patient’s wrist has space-occupying lesions
before endoscopic surgery and whether it is necessary to
change endoscopic surgery to open surgery. Ultrasound can
accurately identify peripheral nerves. There have been studies
(50) using high-frequency portable ultrasound guidance to
carry out some difficult-to-locate extraneural injections of
methylene blue on fresh cadaver specimens. The anatomical
results revealed that no intraneural nerves were observed
under any circumstances. Therefore, whether for acupotomy
surgery,
neuromapping can help doctors better grasp the disease,

or endoscopic preoperative  ultrasound-guided

thereby minimizing the tissue dissection and operation time.
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Comparison of ultrasound-guided
acupotomy lysis technique and
non-ultrasound guided acupotomy
lysis technique

This experiment designed an ultrasound-guided acupotomy
the
disadvantages of this procedure under visual and nonvisual

release technique and compared advantages and
conditions. Anatomical observation results showed that the
surgical puncture path does not involve any major blood
vessels or nerves. For both safety and accuracy, the ultrasound
group was better than the nonultrasound group.

Anatomical research showed that the nonultrasound approach
was more dangerous. In 50 specimen experiments, there were 12%
and 20% damage rates to blood vessels and tendons, respectively.
Clinically, nonultrasound-guided acupotomy treatment is a
closed operation, and doctors cannot observe the diseased tissue
and cannot effectively identify important and nonimportant
tissues. The treatment depends entirely on the doctor’s
anatomical knowledge and experience, which is likely to cause
iatrogenicity. Surgical injuries increase the suffering of patients (24).

However, ultrasound guidance technology makes this problem
easy to solve. This study proposes an ultrasound-guided acupotomy
to loosen the transverse carpal ligament to treat carpal tunnel
syndrome and used 50 fixed specimens of the human body to
verify the safety and accuracy of the approach through clinical
anatomy. This study provides a safe and reliable reference for the
clinical treatment of carpal tunnel syndrome with acupotomy
under the guidance of ultrasound. Through experimental
research, it can be found that the ultrasound-guided acupotomy
to loosen the transverse carpal ligament has unique advantages.
Ultrasound exploration can allow doctors to have a clearer and
more intuitive understanding of the patient’s carpal tunnel and
its surrounding anatomy. Ultrasound guidance is also useful
during surgical operations. This allows the doctor to more
thoroughly loosen the target to be cut. Ultrasound can visualize
the transverse carpal ligament, median nerve and acupotomy
puncture process, which overcomes the challenge of only relying
on the needle feel during the operation.

Therefore, the safer AB line is used to loosen the transverse
carpal ligament through ultrasound guidance. Whether it is the
needle insertion position or the needle depth, the operation can
be performed under visual conditions, which allows for
avoidance of the nerves and blood vessels and can also ensure
a precise release. This greatly improves the safety and
accuracy of acupotomy treatment.

According to the data of this experiment, the clinician can
insert the needle at a distance of approximately 38 mm from
the proximal transverse crease of the wrist at an angle of
approximately 23° from the horizontal line. After entering,
distal release of the transverse carpal ligament is performed at
a depth of approximately 11 mm. The needle is inserted
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approximately 3 mm from the horizontal line at approximately
3mm of the transverse crease of the wrist, and then the
proximal end of the transverse carpal ligament is released at a
depth of approximately 9 mm. The centerline of the
longitudinal axis of the ultrasound probe should overlap the
AB line. In practical clinical applications, doctors can
appropriately adjust the distance between the needle insertion
point and the transverse stripes of the proximal wrist
according to the individual conditions of the patient, as long
as it is on the AB line and does not exceed the Kaplan line.
Before the acupotomy loosening operation, the thickness of
the transverse carpal ligament and the distance between the
surface layer and the skin should be marked on the horizontal
axis; during the operation, attention should be paid to the
bottom depth of the transverse carpal ligament marked on the
ultrasound image, and the needle tip should not exceed this
depth so as not to damage the nerves or tendons.

At the
acupotomy release technology clinically, it is necessary to pay

same time, when using ultrasound-guided
close attention to the ultrasound image and the patient’s
response. If the position of the tissue and needle tip cannot
be displayed during the operation, the acupotomy should not
be inserted to a deeper depth blindly to avoid unnecessary
damage. We suggest that further studies involving procedures
similar to our corpse ultrasound examination are necessary to
ensure that the safety of this operation is confirmed before a

patient undergoes the operation.
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