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Purpose: This study was to assess the safety and effectiveness of ultrasound-guided percutaneous A1 pulley release by acupotomy on
unembalmed cadavers.
Materials and Methods: Sixty digits (from six cadavers, three male and three female) were split into two groups using stratified
randomization. All procedures were completed by a single doctor with rich experience in ultrasound-guided treatment. In the acupotomy
group, the A1 pulley was released under ultrasound-guided by a needle-knife; while in the needle group, the A1 pulley was released under
ultrasound-guided by a 21-gauge needle. Two groups completed six thumbs and 24 fingers, respectively. Another anatomist, blinded to the
two techniques, assessed the safety, including the minimum distance between the incision and the neurovascular; flexor tendon, neurovas-
cular and A2 pulley injury or not. Completeness release of the A1 pulley was recorded as effectiveness.
Results: No neurovascular or A2 pulley injuries were recorded. However, the incision of the thumb in both groups biased to the radial
side (P <0.05), while the incision of the finger biased to the ulnar side (P <0.05). No significant flexor tendon injury was found, and
only five cases (16.7%) had minor scratches in the acupotomy group; while in the needle group, 15 cases had minor scratches and
lacerations occurred in three cases. The flexor tendon injury rate was 60%. Compared with the needle, ultrasound-guided acupotomy
release is safer (P <0.05). The ultrasound-guided acupotomy technique was significantly more likely to result in a complete A1 pulley
release compared to the needle technique (28 of 30 [93.3%] versus 11 of 30 [36.7%]; P <0.05).
Conclusion: Ultrasound-guided percutaneous A1 pulley release by acupotomy is a safe and effective technique. When releasing the
thumb by ultrasound-guided, be careful not to bias to the radial side to avoid neurovascular injury, while when releasing a finger, be
careful not to bias to the ulnar side.
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Introduction
Trigger finger is a common cause of hand disability and pain. The acquired trigger finger has a lifetime prevalence of 2%, and
incidence is estimated at 28 per 100,000 in the adult population.1 Although the pathogenesis is incompletely clear and multi-
factorial, the most common cause of trigger finger is that the thickened flexor tendon stuck to the thickened first annular (A1)
pulley.2 Symptomatic trigger finger refers to non-surgical treatment, physical therapy, and corticosteroid injection, with an
effective rate of 45–80%.3 Open surgical release is indicated for refractory symptoms, the effective rate of A1 pulley release is
between 90% and 100%.4 However, surgical complications, including infection, weakness, nerve injury, stiffness, flexor tendon
bow stringing, and scarring, have been reported in an incidence of up to 12%.5 In 1958, Lorthioir6 introduced a technique for the
percutaneous release of the A1 pulley using a special cutting device. Since then, many studies have used different cutting devices
for percutaneous release of the A1 pulley, such as a 21-Gauge Needle,7 Stab Knife,8 and so on. Recently, it has also been reported
that the use of acupotomy percutaneous release of the A1 pulley in the treatment of trigger finger had achieved good results.9
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However, continued safety concerns, including the risk of flexor tendon and neurovascular injury, may prevent more widespread
adoption of this technique.10 Real-time ultrasound-guided can potentially address these safety concerns through direct visualiza-
tion of “High Risk” organizations.11 At present, there are few reports on the cadaveric study of ultrasound-guided percutaneous
release of theA1 pulley by acupotomy. In this study, 60 digits of unembalmed cadaveric specimenswere divided into two groups,
after simulating local anesthesia, theywere completed by a single doctor with rich experience in ultrasound-guided treatment, and
then another anatomist, who was blinded to the method, evaluated the safety and effectiveness of the two techniques.

Materials and Methods
General
This study has been performed in accordance with the principles stated in the Declaration of Helsinki. This is not
a human study and anatomical studies using cadavers donot require the formal review of the institutional review board
(IRB) and, thus, our IRB approved the exemption from formal review for this study. All of the cadavers used in this study
were legally donated to the Medical College of Soochow University. Six fresh frozen adult cadavers were independently
chosen by the anatomist at Medical College of Soochow University. A total of 60 digits (including 12 thumbs and 48
fingers) from six unembalmed cadaver specimens (three male and three female) were assigned to the acupotomy group or
needle group by stratified randomization, which ensured that each technique completed half of the fingers and thumbs
from three males and three females. All digits were normal, without trauma, deformity, or having any previous operation.

Equipment
All procedures were performed using a VINNO 6 ultrasound machine fitted with the linear probe X6-16L (frequency
range is 6.5–18 Mhz) with a 1.5 cm footprint (VINNO Technology, Suzhou, China). A Hanzhang needle-knife (0.8 mm
diameter and 40 mm length, Suzhou East Acupuncture Instruments Factory) and 21-Gauge needle (0.8 mm in diameter,
38 mm in length) were used9,12 in this study (Figure 1A).

Relevant Sonographic Anatomy
Under high-frequency ultrasound scanning, a homogeneous hypoechoic can be visualized at the metacarpophalangeal
joint, which is the A1 pulley, and the flexor tendon appears as a slightly hyperechoic fibrillar (Figure 2A). The average
thickness of the normal A1 pulley on the long and short axis views is 0.5 mm (range=0.4–0.6 mm) and the length is about
10 mm (9.8–10.2 mm).11 The second annular (A2) pulley is in the middle of the proximal phalanx, which can be
recognized as thin (0.3–0.5 mm) hypoechoic by ultrasound in the long-axis view. The neurovasculars are identified from
both sides of the flexor tendon by ultrasound on the short-axis view13 (Figure 2B).

Ultrasound-Guided Percutaneous A1 Pulley Release Technique
All 60 digits (including 12 thumbs and 48 fingers) were completed by a single doctor with more than 3 years of experience in
ultrasound-guided treatment. 1) The acupotomy group: The hand was placed palm-up, and the target finger was straightened
and coated with coupling agent. The high-frequency probe coated with the coupling agent was wrapped in a sterile plastic film.
The probe was placed on the long axis in the middle of the flexor tendon and the distal part of the metacarpophalangeal joint.
The insertion point was about 0.5 cm from the proximal edge of the probe (Figure 1B). 21-Gauge syringe aspirates 1%
lidocaine 2 mL, after simulating local anesthesia, under ultrasound-guided the needle was inserted close to the A1 pulley, and
then about 1 mL of water was injected to separate the A1 pulley and the surrounding tissue. A needle-knife with a diameter of
0.8 mm was used to pierce the skin through the same puncture site, and then advanced into the A1 pulley horizontally under
ultrasound-guided (Figure 3A). The long and short axis views of the ultrasound confirmed that the needle-knife maintained the
midline and avoided the digital neurovascular (Figure 3B). And then, under the guidance of the long axis of ultrasound in real-
time, a longitudinal horizontal cut the A1 pulley from proximal to distal. The procedure was considered complete when the A1
pulley was discontinuous under ultrasonic visualization, or the gravel feeling of the A1 pulley could no longer be
appreciated.9,12 2) The needle group: A 21-Gauge needle replaced the needle-knife, and the remaining steps were the same
as in the acupotomy group (Figure 1C).
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Figure 1 (A) On the left is a 21-Gauge needle (0.8 mm in diameter, 38 mm in length) and on the right is a Hanzhang needle-knife (0.8 mm diameter and 40 mm length); (B)
placement of probe and needle-knife under ultrasound-guided percutaneous A1 pulley release by acupotomy; (C) placement of probe and needle under ultrasound-guided
percutaneous A1 pulley release by 21-Gauge needle.
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Assessment
All the digits were dissected and assessed by another anatomist with more than 3 years of experience, who was blinded to
each technique. Each digit recorded the following data: the minimum distance between the incision and the neurovascular
on both sides, and whether there was any neurovascular injury, tendon injury (no; minor scratches: surface scratches
<10% thickness of tendon; lacerations: lacerations >10% thickness of tendon),14,15 and whether the A2 pulley was

Figure 2 (A) Long-axis view of the FLX showing the A1 pulley at the level of the third MCP joint. The thin hypoechoic A1 pulley is identified by ↓, hypoechoicis A2 pulley is
identified by ↑; (B) short-axis view of the FLX, the thin hypoechoic A1 pulley is identified by ↓, the neurovasculars are identified by ↑.
Abbreviations: FLX, finger flexor tendons; 3rd MCP joint, the 3rd metacarpophalangeal joint; MC, metacarpal head; PP, proximal phalanx.
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injured (yes or no). The completeness release of the A1 pulley was regarded as the determination of treatment
effectiveness (yes or no).

Statistics
The descriptive data were tested for normal distribution. Data were expressed as mean±standard deviation. The Student’s
t-test was used for the comparison between the two groups, and the Fisher exact test was used for the counting data.
A P-value ≤0.05 was considered as the level of significance.

Figure 3 (A) Ultrasound-guided percutaneous A1 pulley release by acupotomy. Long-axis view of the FLX show the A1 pulley at the MCP joint, and the needle-knife
advanced into the A1 pulley horizontally under ultrasound-guided. The thin hypoechoic A1 pulley is identified by ↓, the hyperechoic needle-knife identified by ↑; (B) short-
axis view of the FLX show the A1 pulley, the thin hypoechoic A1 pulley is identified by ↓, the hypoechoic neurovascular identified by ↑, the hyperechoic needle-knife is in the
midline and avoids the neurovascular.
Abbreviations: FLX, finger flexor tendons; 3rd MCP joint, the 3rd metacarpophalangeal joint; MC, metacarpal head; PP, proximal phalanx.
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Results
Release Safety
Safety data statistics showed that 24 fingers and six thumbs were completed in the two groups, respectively, and
there was no neurovascular or A2 pulley injury. The incision was mostly in the midline of the flexor tendon, which
was still a certain distance from the neurovascular. Tables 1 and 2 show the measured distance between the incision
and the radial and ulnar neurovascular of the thumbs and fingers, respectively. As shown in Table 1, acupotomy
group 2.8±0.5 mm versus 4.4±0.4 mm; needle group 2.4±0.4 mm versus 4.9±0.4 mm, the incision of the thumb in
both groups biased to the radial side (P <0.05); while in Table 2, acupotomy group 3.9±0.6 mm versus 3.5±0.7 mm;
needle group 3.9±0.6 mm versus 3.4±0.7 mm, the incision of the finger biased to the ulnar side (P <0.05) (Figure 4).
As shown in Table 3, no significant flexor tendon injury was found, and only five cases (16.7%) had minor scratches
in the acupotomy group; while in the needle group, 15 cases had minor scratches and lacerations occurred in three
cases, the flexor tendon injury rate is 60%. Compared with the needle, the acupotomy guided by ultrasound was
safer (P <0.05).

Table 1 The Minimum Distance Between the Incision and the Neurovascular of Thumbs

Groups The Radial Distance (mm) The Ulnar Distance (mm)

Needle group (n=6) 2.4±0.4 4.9±0.4
Acupotomy group (n=6) 2.8±0.5 4.4±0.4

Note: Data are presented as mean±SD.

Table 2 The Minimum Distance Between the Incision and the Neurovascular of Fingers

Groups The Radial Distance (mm) The Ulnar Distance (mm)

Needle group (n=24) 3.9±0.6 3.4±0.7

Acupotomy group (n=24) 3.9±0.6 3.5±0.7

Note: Data are presented as mean±SD.

Figure 4 (A) The minimum distance between the incision and the radial and ulnar neurovascular of the thumbs; (B) The minimum distance between the incision and the
radial and ulnar neurovascular of the fingers.
Note: * Statistically significant (P <0.05) between-group differences.
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Success of A1 Pulley Release
The effectiveness statistics showed that 28 cases of 30 digits in the needle knife group were completely released (93.3%);
Only 11 of the 30 digits in the needle group were completely released (36.7%) (Figure 5). The ultrasound-guided
acupotomy technique was significantly more likely to result in a complete pulley release compared to the needle
technique (28 of 30 [93.3%] versus 11 of 30 [36.7%]; P <0.05) (Table 4).

Discussion
This study compared the safety and effectiveness of ultrasound-guided acupotomy and needle in percutaneous release of
the A1 pulley. Acupotomy is a combination of traditional Chinese acupuncture therapy and modern medical surgery. The
main role of the needle knife is to release adhesion, improve blood circulation, and increase the metabolism of local pain-
causing substances. It is composed of three parts: tip, body and handle. It does not need to cut the skin, but only
needs percutaneous release.9 In this study, a Hanzhang needle-knife with a 0.8 mm diameter and a 40 mm length was
selected. After simulating local anesthesia, two different techniques were used to release the A1 pulley on unembalmed
specimens. Ultrasound transmission requires a medium, and formalin or dry specimens can interfere with ultrasound
scanning and guided release. Therefore, the unembalmed specimens were selected to simulate the real clinical situation
as far as possible.

Both groups completed 24 fingers and six thumbs under real-time ultrasound-guided, respectively. After dissection,
there was no neurovascular injury in both groups. The incision was mostly in the midline of the flexor tendon, and it
was still some distance away from the neurovascular. Tables 1 and 2 show the measured distance between the incision
and the radial and ulnar neurovascular for the thumbs and fingers, respectively. As shown in Table 1, acupotomy group
2.8±0.5 mm versus 4.4±0.4 mm; needle group 2.4±0.4 mm versus 4.9±0.4 mm, the distance between the thumb
incision and the radial neurovascular was shorter in the two groups, with a statistically significant difference between
the two groups (P <0.05) (Figure 4), the incision of the thumb in both groups biased to the radial side. Although not in
the table, the distance from the incision to the radial neurovascular was less than or equal to 2 mm in three cases.
While in Table 2, acupotomy group 3.9±0.6 mm versus 3.5±0.7 mm; needle group 3.9±0.6 mm versus 3.4±0.7 mm,
the distance between the finger incision and the ulnar neurovascular was shorter in the two groups, with a statistically
significant difference between two groups (P <0.05) (Figure 4), the incision of the finger biased to the ulnar side.
Although not in the table, the distance from the incision to the ulnar neurovascular was less than or equal to 2 mm in
four cases. In some studies, the distance between the incision and the neurovascular less than or equal to 2 mm is
defined as a significant risk of neurovascular injury.16 In addition, previous anatomical studies had shown that the
neurovascular of the ring and middle fingers were located on either side of the finger and parallel to the longitudinal
axis of the finger, while the long axis of the radial neurovascular of the index finger and the ulnar neurovascular of the
little finger were obliquely located near the A1 pulley at the metacarpophalangeal joint.17 Besides the thumb is special
and can not be completely flattened like other fingers, so the incision is more likely to be biased to the ulnar side.
Therefore, we should pay attention to avoid the incision bias to the radial side when releasing the A1 pulley of thumb,
and avoid the incision bias to the ulnar side when releasing the A1 pulley of the little finger. When releasing the A1
pulley under ultrasound-guided, under short axis scanning we can confirm whether the needle-knife is in the midline.
At the same time, we can clearly see the neurovasculars on both sides. Excessive A2 pulley injury (>25% of the
length) can cause flexor tendon bow stringing, which is a serious complication.18 No A2 pulley injury was observed in

Table 3 Tendon Injury Rate in Two Groups (n=30)

Groups No, n (%) Minor Scratches: <10% of Tendon
Thickness, n (%)

Lacerations: >10% of Tendon
Thickness, n (%)

Tendon Injury
Rate, n (%)

Needle group 12 (40%) 15 (50%) 3 (10%) 18 (60%)

Acupotomy group 25 (83.3%) 5 (16.7%) 0 5 (16.7%)*

Note: * Statistically significant difference between acupotomy group versus needle group (P <0.05).
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either of the two groups. Previous studies had measured the length of the A1 pulley: thumb 5.30±0.53 mm, index
finger 6.32±0.17 mm, middle finger 6.58±0.19 mm, ring finger 6.32±0.20 mm, little finger 5.30±0.49 mm,19 and the
A1 pulley and A2 pulley can be clearly seen under ultrasound-guided. Therefore, it is safer to release under
ultrasound-guided. Flexor tendon injury can lead to complications such as stiffness, pain, and adhesion. Therefore,
flexor tendon injury should be avoided in the process of percutaneous release.16 As shown in Table 3, no significant
flexor tendon injury was found, and only five cases (16.7%) had minor scratches, which is less than 10% tendon

Figure 5 (A) In the acupotomy group the A1 pulley was completely released and the incision was smooth; (B) in the needle group the A1 pulley was only partially released
with tendon injury; the A1 pulley is identified by ↓, the neurovascular is identified by ↑.
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thickness in the acupotomy group, and the incision was smooth. In the needle group, 15 cases had minor scratches and
tendon lacerations, which is more than 10% tendon thickness, occurred in three cases, the flexor tendon injury rate was
60% and the incision was serrated (Figure 5). Compared with the needle, the acupotomy guided by ultrasound was
safer (P <0.05).

An important anatomical basis for the effective treatment of trigger finger is the complete release of the A1 pulley. In
the acupotomy group, 28 cases of 30 digits were completely released (93.3%); Only 11 of the 30 digits in the needle
group were completely released (36.7%). Under ultrasound-guided we can directly visualize the A1 pulley, and the
needle-knife was inserted horizontally at the proximal end of the A1 pulley. The A1 pulley was completely released by
longitudinal cutting from the proximal end to the distal end (Figure 5). The ultrasound-guided acupotomy technique was
significantly more likely to result in a complete pulley release compared to the needle technique (28 of 30 [93.3%] versus
11 of 30 [36.7%]; P <0.05) (Table 4). Our findings are consistent with previously published data on ultrasound-guided
percutaneous release of the A1 pulley. One study evaluated the efficacy of ultrasound-guided percutaneous release of the
A1 pulley with a 21-gauge needle for trigger fingers. All finger releases were considered “Partial”. In clinical studies,
81.7% (49/60) of patients had the trigger finger completely removed immediately after surgery.12 Another prospective
clinical study evaluated the efficacy of ultrasound-guided percutaneous A1 pulley release with the needle knife for trigger
finger. The ultrasound-guided group (20 patients) had a significantly better grade postoperatively and reached 100%
complete release in one time compared to the the traditional needle-knife group (21 patients) (P <0.05). Moreover, no
any complications occurred in the ultrasound-guided group.9

There are still some limitations in this study. Firstly, only 60 digits from six fresh frozen cadavers (three male and
three female) were selected, and the sample size is small. Secondly, no thickening of the pulley and flexor tendon was
found in ultrasound scanning, which is different from the ultrasound images of trigger finger. Clinically, ultrasound
scanning can more clearly show the thickened A1 pulley, and the target is more clear. Thirdly, both groups were
completed by the same doctor with more than 3 years of ultrasound-guided treatment experience. The ultrasound-guided
technique needs a learning curve.18 There may be some differences in the results of operations by doctors with different
experience. Fourthly, the measurement of the distance from the incision to the neurovascular after dissection, which may
change the original distance. Therefore, there are some differences with the results of other previous studies, but it does
not affect the safety results of this study.

Conclusion
In conclusion, our study shows that ultrasound-guided percutaneous A1 pulley release is a safe and effective technique.
This study confirmed anatomically that ultrasound-guided acupotomy release has no neurovascular and tendon injury,
which is safer than ultrasound-guided needle release. The ultrasound-guided acupotomy technique was significantly more
likely to result in a complete A1 pulley release compared to the needle technique.
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