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Background: Acupotomy is now increasingly used for trigger thumb, while recent evidence showed it increased the risk of nerve
injury. Based on the close proximity of the neurovascular bundles and the A1 pulley, we designed a modified acupotomy. Given that
percutaneous release is the common surgical treatment, this retrospective study aimed to compare the effect and safety of modified
acupotomy versus percutaneous release for trigger thumb.

Methods: This is a retrospective study. All patients with trigger thumb were retrieved in the electronic records of the Department of
Pain Medicine at the Beijing Hospital of Traditional Chinese Medicine from January 2016 to September 2018. Both short-term (3
months) and long-term (2 years) outcomes were evaluated using the criteria established through Gilberts et al.’s questionnaire,
including triggering, residual pain, stiffness, digital nerve injury, scar, infection and satisfaction. Chi-square test or Fisher’s exact test
was used to compare differences between two groups.

Results: A total of 305 patients with 334 trigger thumbs treated with either modified acupotomy (n = 194 thumbs) or percutaneous
release (n = 140 thumbs) were included. Of them, 221 (72.5%) were female, and the mean age was 56.2 £ 10.0 years. The mean
duration of trigger thumb lasted for 7.5 £ 3.6 months. At 3 months, all triggering were alleviated by both therapies. Although more
digital nerve injury occurred in the percutaneous release (0 [0%)] thumbs vs 5 [3.6%] thumbs, P = 0.012), more residual pain (30
[15.5%] thumbs vs 6 [4.3%] thumbs; rate ratio, 3.61; 95% confidence interval [CI]: 1.54-8.43; P = 0.001) and less satisfaction
occurred in the modified acupotomy group. At 2 years, more recurrent triggering, residual pain and digital nerve injury occurred in the
percutaneous release group (2 [1.0%] thumbs vs 12 [8.6%] thumbs; rate ratio, 0.12; 95% CI: 0.03—-0.53; P =0.001; 9 [4.6%] thumbs vs
22 [15.7%] thumbs; rate ratio, 0.30; 95% CI: 0.14-0.62 P < 0.001; 0 [0%] thumbs vs 4 [2.9%] thumbs, P = 0.030, respectively).
Moreover, satisfaction was significantly better in the modified acupotomy group.

Conclusion: The modified acupotomy had better long-term outcomes and satisfaction than the percutaneous release for trigger thumb,
although percutaneous release has less residual pain and better satisfaction in the short term. The modified acupotomy is a treatment
option for trigger thumb.
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Background

Trigger thumb is a common cause of pain and disability of the hand in adults. Trigger thumb is caused by a size
mismatch between the flexor tendon and the first annular (A1) pulley and may bring painless clicking with thumb
movement, or even painful triggering. The flexor tendon usually locks or clicks at the level of the Al pulley, and the
thumb may be locked in a flexed position.'

The common surgical treatments for trigger thumb include open release and percutaneous release. Compared with the
open release, the percutaneous release is more rapid, less invasive, and less costly.” ® However, the potential disadvan-
tages of the percutaneous release are incomplete release and injury to either the tendon or nerve.”® Acupotomy, also
called miniscalpel-needle or small needle knife, is now increasingly used for a variety of pain conditions, including
trigger thumb.'®"'®> However, a few studies have indicated that acupotomy for trigger thumb also increased the risk of
nerve or tendon injury.'*
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Based on the close proximity of the neurovascular bundles and the A1 pulley in the thumb, we designed the modified
acupotomy, which is already a granted patent (Patent No. CN202859181U, State Intellectual Property Office of the
People’s Republic of China). The modified acupotomy is bent to 30° to enable it to be positioned parallel to the tendon
(Figure 1). One end of the modified acupotomy is the handle, and the other end is sharpened into a “J” shape with a sharp
edge to cut the thickened A1 pulley. The design of the blunt J-shaped tip has two main functions. One is to keep the Al
pulley and the flexor tendon apart and guide the direction of the release; the other is to avoid the potential damage to the
nerve by pushing the nerve out of the way. In addition, the extended lower edge is blunt, which aims to avoid the injury
to the flexor tendon. Although the modified acupotomy has been used in our department for many years, data with regard
to the effectiveness and safety of the modified acupotomy are insufficient. The purpose of this retrospective study was to
evaluate the long-term effectiveness and safety of modified acupotomy in the treatment of trigger thumb compared with
percutaneous release.

Methods

Patients

All patients with trigger thumb were retrieved in the electronic records of the Department of Pain Medicine at the Beijing
Hospital of Traditional Chinese Medicine from January 2016 to September 2018. This retrospective observational study
was approved by the Ethics Committee of Beijing Hospital of Traditional Chinese Medicine (Permit No. 2018BL-080-
02) and complied with the Declaration of Helsinki. The acquisition of written informed consent for the modified
acupotomy or the percutaneous release treatment was noted in the medical records of all patients. All patient records
and data were anonymized and de-identified prior to analysis.

The diagnosis of trigger thumb was established by the attending physicians based on the patient’s symptoms and
physical examination. Patients exhibiting symptoms greater than Grade 2 (according to the Quinnell classification) with
a history of triggering for at least 3 months were included.'® The Quinnell classification system includes five distinct
grades: Grade 0, normal movement; Grade I, uneven movement; Grade II, actively correctable; Grade III, passively
correctable; and Grade 1V, fixed deformity. Patients were excluded if they had any of the following: previous surgical
release of triggering, rheumatoid disease, severe neurologic deficit of the involved upper extremity, loss of follow-up, or
diabetes.

Intervention

The modified acupotomy treatment was performed in the outpatient operating room by an experienced hand surgeon. At
the beginning, the location of Al pulley was marked on the skin of the affected thumb according to a previous study.'®
After skin sterilization, local anesthesia was established by administration of 2 mL of 2% lidocaine. Next, a longitudinal
incision of 3 mm was made with a No. 11 scalpel at approximately 1 cm proximal to the Al pulley when the thumb was
held in extension (Figure 2A). The modified acupotomy was then inserted into the same track to reach the proximal edge
of the Al pulley (Figure 2B). The blunt tip and extended edge helped the surgeon to confirm the proximal edge of the A1l
pulley, and slipped the device into the space between the Al pulley and the underlying flexor tendon minimizing the
damage of the flexor tendon. The whole Al pulley was incised along the direction of the flexor tendon with the sharp

Figure | Photograph of a modified acupotomy.
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J-shaped edge of the modified acupotomy, proximally to distally (Figure 2C). A distinct sense of resistance was felt
during the process of incising the Al pulley, and the operation was completed when the resistance feeling disappeared
(Figure 2D). The modified acupotomy was then withdrawn, and the patients were asked to flex and extend the thumb to
confirm if there was any residual triggering. After the modified acupotomy treatment, a compressive bandage was applied
to the surgical wound. Finally, patients were encouraged to return to normal daily activities as soon as possible. For
patients with two trigger thumbs, the modified acupotomy treatments were performed at different times.

1718 \as also performed in the

Percutaneous release, which was the technique as described in previous studies,
outpatient operating room. The surface landmark was marked on the palm.'® After skin sterilization, local anesthesia was
administered with 2 mL 2% lidocaine. Then the affected thumb was held in a hyperextended position. An 18-gauge
needle tip was inserted through the skin at the proximal extent of the A1 pulley and into the flexor tendon parallel to the
longitudinal axis of the flexor tendon. Needle tip position was checked by passively flexing and extending the patient’s
thumb. The needle was slightly withdrawn until no paradoxical swing was observed. The Al pulley was divided from
proximally to distally through a sweeping motion of the sharp needle tip. The surgeon would feel a characteristic gritting
sensation during the procedure, and complete release of the Al pulley was confirmed by the disappearance of the grating
sensation and full active thumb motion without triggering. A compressive bandage was applied at the puncture site for 2

days postoperatively, and the patients were allowed to return to normal activity as tolerated.

Postoperative Assessment

The patients in both groups were asked to return to the outpatient clinic for a re-examination at 1 week after treatment.
They were then contacted at 3 months and 2 years after treatment and were reassessed at our outpatient clinic or by
telephone. All patients were evaluated by two doctors who were not involved in the treatments. The evaluation at 3
months was recorded as short-term follow-up, and the evaluation at 2 years was recorded as long-term follow-up.
Functional outcomes were evaluated with the validated questionnaire of Gilberts and Wereldsma administered in the
previous studies.'” ' The following questions were asked: Do you have triggering? Do you have pain? Do you have

Figure 2 The process of modified acupotomy release. (A) After skin sterilization and local anesthesia, a 3-mm longitudinal stab incision was then made. (B) The modified
acupotomy was inserted into the same track to reach the proximal edge of the Al pulley, then slipped into the space between the pulley and the flexor tendon. (C) The
modified acupotomy was gently pushed distally to release the Al pulley with the sharp J-shaped edge. (D) The Al pulley was completely released by the modified
acupotomy.
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stiffness? Do you feel numbness? Do you have a scar? Are you dissatisfied, satisfied, or very satisfied with the result of
the treatment? We also recorded any complications.

Statistical Analysis

SPSS 26.0 was used to perform the statistical analysis. Enumeration data were expressed as absolute numbers and
percentage and chi-square test was used to compare differences between two groups. Continuous variables of normal
distribution were expressed as means and standard deviations and were assessed with Student’s #-test. Continuous
variables of skewness distribution were expressed as means (minimum to maximum), and non-parametric test was
used. A P value <0.05 was considered statistically significant.

Results

Through reviewing our patient database, we retrieved 339 patients with trigger thumb who met the inclusion criteria from
January 2016 to September 2018. Among them, 34 patients were excluded due to being unreachable, incomplete follow-
up information, diabetes or other reasons. Finally, this study included 305 patients with 334 treated thumbs (176 patients
with 194 treated thumbs in the modified acupotomy group and 129 patients with 140 treated thumbs in the percutaneous
release group). Of the them, 221 (72.5%) were female, and the mean age was 56.2 + 10.0 years. The mean duration of
trigger thumb lasted for 7.5 + 3.6 months. The two groups were similar regarding age, sex, hand side involvement, and
triggering grade prior to release (Table 1). However, the duration of symptoms was longer in the modified acupotomy
group (P <0.001) (Table 1).

For the short-term outcomes, there was no recurrent triggering in both groups. Residual pain occurred in 30 digits
(15.5%) in the modified acupotomy group and in 6 digits (4.3%) in the percutaneous release group, with a significant
difference (rate ratio [RR], 3.61; 95% confidence interval [CI]: 1.54-8.43; P = 0.001). No stiffness or scar occurred in
any groups, which may owe to the immediate exercise requested by doctors. Five digits (3.6%) in the percutancous
release group had digital nerve injury, but none in the modified acupotomy group (P = 0.012). There were 2 digits (1.4%)
in which the wound became infected in the percutaneous release group and 4 digits (2.1%) in the modified acupotomy
group (RR, 1.44; 95% CI: 0.27-7.77; P > 0.999), and they were all cured with oral antibiotics. Short-term patient
satisfaction was significantly better in the percutaneous release group (P < 0.001). All results regarding short-term
outcomes are summarized in Table 2.

For the long-term outcomes, recurrent triggering occurred in 2 digits (1.0%) in the modified acupotomy group and in
12 digits (8.6%) in the percutaneous release group, and the difference was statistically significant (RR, 0.12; 95% CI:
0.03-0.53; P = 0.001). Residual pain occurred in 9 digits (4.6%) in the modified acupotomy group and in 22 digits
(15.7%) in the percutaneous release group (RR, 0.30; 95% CI: 0.14 to 0.62; P < 0.001). No patients had stiffness, scar or
infection in any groups. Four patients (2.9%) had continuing digital nerve injury in the percutaneous release group (P =

Table | Patients’ Baseline Characteristics

Characteristics Modified Acupotomy Percutaneous Release P
Group Group
(194 Thumbs) (140 Thumbs)
Patients, No. 176 129 -
Age, mean (range), years 55.5 (30-72) 57.1 (35-78) 0.174
Gender, male/female, No. 45/131 39/90 0.368
Duration, mean (range), months 8.8 (6-30) 5.6 (4-24) <0.001
Hand Side, right/left, No. 130/64 97/43 0.660
Quinnell grade, II/1ll, No. 96/98 72/68 0.726
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Table 2 Summary of Results at the Short-Term Follow-Up (3 Months)?
Characteristics Modified Acupotomy Group | Percutaneous Release Group | Risk Ratio (95% CI) P
(194 Thumbs) (140 Thumbs)
Triggering 0 0 NC NC
Residual pain 30 (15.5) 6 (4.3) 3.61 (1.54, 8.43) 0.001
Stiffness 0 0 NC NC
Digital nerve injury 0 5 (3.6) NC® 0.012
Scar 0 0 NC NC
Infection 4 (2.1) 2 (1.4 1.44 (0.27, 7.77) >0.999
Satisfaction
Dissatisfied 9 (4.6) 7 (5.0) NC© <0.001
Satisfied 25 (12.9) 6 (4.3)
Very satisfied 160 (82.5) 127 (90.7)

Notes: *Data are presented as n (%). ®Digital nerve injury did not occur, thus there was no risk ratio. “The satisfaction was ordinal categorical variable, thus there was no

risk ratio.

Abbreviation: NC, not computable.

Table 3 Summary of Results at the Long-Term Follow-Up (2 Years) *

Characteristics Modified Acupotomy Group | Percutaneous Release Group | Risk Ratio (95% CI) P
(194 Thumbs) (140 Thumbs)

Triggering 2 (1.0 12 (8.6) 0.12(0.03, 0.53) 0.001
Residual pain 9 (4.6) 22 (15.7) 0.30(0.14, 0.62) <0.001
Stiffness 0 0 NC NC
Digital nerve injury 0 4(29) NC® 0.030
Scar 0 0 NC NC
Infection 0 0 NC NC
Satisfaction

Dissatisfied 2 (1.0 16 (11.4) NC*© <0.001

Satisfied 9 (4.6) 22 (15.7)

Very satisfied 183 (94.3) 103 (73.6)

Notes: *Data are presented as n (%). "Digital nerve injury did not occur, thus there was no risk ratio. © The satisfaction was ordinal categorical variable, thus there was no
risk ratio.
Abbreviation: NC, not computable.

0.030). Long-term patient satisfaction was significantly better in the modified acupotomy group (P <0.001). All results
regarding long-term outcomes are summarized in Table 3.

Discussion

This study aimed to investigate the effect of modified acupotomy compared with percutaneous release for the treatment
of trigger thumb. In the short-term follow-up, there was no recurrent triggering in both groups. There were more patients
with residual pain in the modified acupotomy group than in the percutaneous release group, and patient satisfaction was
significantly better in the percutaneous release group, while there were more patients who suffered from digital nerve

injury. Moreover, in the long-term follow-up, there were fewer patients with recurrent triggering, residual pain, digital
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nerve injury or dissatisfaction in the modified acupotomy group compared with the percutaneous release group. The RR
values for recurrent triggering and residual pain at 2 years were 0.12 and 0.30, respectively, indicating a robust
correlation. The modified acupotomy is a treatment option for trigger thumb.

This study found that both two techniques relieved triggering at short-term follow-up. It means that the modified
acupotomy is as effective as percutaneous release. Most of the previous trials also found that no triggering occurred at
short-term follow-up after percutanecous release. However, more recurrences (8.6%) were found in the percutaneous
release group at long-term follow-up. Other studies observed similar recurrences (3.9-8.8%) in the percutaneous release

2021 Wwhich was

group at long-term follow-up.?**' However, open surgery had fewer long-term recurrences (1.3-3.4%),
numerically as small as modified acupotomy (1.0%) in current study.

It is worth noting that the incidence of iatrogenic digital nerve injury in the percutaneous release group was 3.6% at
the short-term follow-up, and 2.9% patients still had this injury after 2 years, while none occurred in the modified
acupotomy group at both short-term and long-term follow-up. A previous trial found a similar result in that 5.7% of
patients with trigger thumb suffered from digital nerve injury after percutaneous release at mean 22.7 months follow-up.’
Although the rate of digital nerve injury is not high in the percutaneous release group, it is believed that any iatrogenic
digital nerve injury was clinically serious. It is not surprising that the digital nerve injury occurred during the
percutaneous release, due to the proximity of the radial digital nerve and the Al pulley midline of the thumb.

The close anatomical relationship between the radial digital nerve of the thumb and the Al pulley has been
investigated in several cadaveric studies. Buldu and Schramm dissected thumbs of cadavers and found the radial digital
nerve is 2.7-3.4 mm lateral to the Al pulley at the proximal margin level of the Al pulley.**** Any sharp dissection
proximal to the margin of the Al pulley may cause digital nerve injury where the radial digital neurovascular bundle
crosses the flexor tendon sheath. Bain and colleagues concluded that percutaneous release of trigger thumb is potentially
hazardous.* Pope even recommended that percutaneous release should not be used in the index finger and the thumb.'”

To avoid the potential digital nerve injury and the incomplete release encountered during the percutaneous release, we
designed the modified acupotomy. First, the blunt tip of the J-shaped structure helps to divide the Al pulley from the
flexor tendon and to guide the direction of the division of Al pulley. Second, the blunt tip of the J-shaped structure serves
to push the nerve out of the pathway, thus avoiding potential damage to the nerve. Third, the extended lower edge of the
J-shaped structure is blunt and smooth, which ensures that the J-shaped structure is placed over the flexor tendon without
injury to this tendon. Finally, the J-shaped structure can promote the complete release of the thickened Al pulley under
the condition of ensuring safety. In addition, the surgeon’s experience and skill in modified acupotomy release are also
the key points in achieving successful treatment effects. It should be noted that the thumb should be fully extended during
the release in terms of the specific requirements of the procedure. And before the modified acupotomy release, the doctor
should identify the proximal edge of the thickened Al pulley. To minimize neurovascular damage, the modified
acupotomy should be held over the tendon along the midline and be pushed distantly to cut the Al pulley.

In the current study, both pain and patient satisfaction were better in the percutaneous release group than modified
acupotomy group at the short-term assessment, but the results were reversed at the long-term follow-up. One reason may
be that the modified acupotomy is thick, which resulted in functional impairment not an organic lesion. Functional
impairment gradually recovered with longer follow-up, thus digital nerve injury and recurrent triggering in the
percutaneous release group led to less satisfaction at 2 years. Another reason may be that a bigger wound was needed
due to the thick acupotomy. Improvement of the thickness of acupotomy will be further studied.

This study had several limitations. Firstly, the retrospective nature of study design might cause bias. A further
randomized controlled trial to compare modified acupotomy with percutancous release may be needed and would provide
more convincing data. Secondly, there were differences in the duration of symptoms between the two groups, which
might be because doctors may be more inclined to choose modified acupotomy for patients with longer duration of
symptoms. It is believed that a patient with longer duration of symptom would be more difficult to cure. However, the
modified acupotomy had better long-term outcomes despite longer duration of symptom. Thirdly, only patients with
trigger thumb were included in this study. The generalization of conclusions in this study for other fingers is unclear.
Fourthly, although the Gilberts et al.’s questionnaire is not enough to prove all postoperative results, it has been
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commonly administered in previous retrospective studies.'” ' Further trials should include more outcomes to evaluate
the postoperative results comprehensively.

Conclusion

The modified acupotomy had better long-term outcomes and satisfaction than the percutaneous release for trigger thumb,
although percutancous release has less residual pain and better satisfaction in the short term. The modified acupotomy is
a treatment option for trigger thumb.
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