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Background: De Quervain’s disease is a painful stenosing tenosynovitis of the first dorsal compartment of the hand affecting the
tendons of the abductor pollicis longus and extensor pollicis brevis. This study aimed to evaluate the safety and efficacy of
percutaneous first extensor compartment releases performed on embalmed cadaveric models by acupotomy operation with or without
US guidance.

Methods: Percutaneous release was performed with an acupotomy on 59 wrists of cadavers; 23 wrists were operated with US
guidance, and 39 wrists were operated without US guidance. Each arm was dissected and assessed regarding the amount of release as
well as the extent of neurovascular and tendon injury. Anatomical structures were also observed in this study.

Results: Twenty cases (87%) were successfully released with ultrasound-assisted techniques, and 27 cases (75%) were successfully
released with blind techniques. No neurovascular injury occurred in any arm, regardless of technique. No significant tendon injury was
seen in any arm. Although minor surface scratches were visualized in 11 cases, they occurred in 3 cases (13.04%) with ultrasound
assistance and in 8 cases (22.22%) with blind techniques. There was no statistically significant difference between the two groups in
the measurement of the distance from the incision marks to the blood vessels and nerves. A fibrous septum and bony protrusions were
found in the first dorsal compartment, which may be anatomical factors affecting the success of treatment.

Conclusion: Both traditional and US-guided percutaneous release by acupotomy of the first extensor tendon compartment can be
performed for all wrists. US-guided techniques can improve the success rate and reduce damage during acupotomy operations.
Keywords: de Quervain’s disease, tendonitis, acupotomy, acupuncture, ultrasound guidance, anatomy

Introduction

Stenosing tenosynovitis of the abductor pollicis longus (APL) and extensor pollicis brevis (EPB) in the first extensor
compartment of the wrist, also known as de Quervain’s disease (dQD), is a common disorder. Its treatments include local
steroid injection, open, and endoscopic surgery.! By histopathology, de Quervain’s disease is not characterized by
inflammation but by thickening of the tendon sheath and most notably by the accumulation of mucopolysaccharide, an
indicator of myxoid degeneration.” These changes should be pathognomonic of dQD. It has been suggested that dQD is
likely to be a result of intrinsic degenerative mechanisms rather than extrinsic inflammatory ones. The primary
pathogenic structure in radial stenosing tenosynovitis is the bony fibrous canal on the lateral aspect of the radial styloid
process. The development of stenosing tenosynovitis is closely related to the local anatomic features, and the pathogen-
esis of the disease is more closely related to the physical entrapment produced by its local anatomic structures, including
the condition of the tendon, the presence or absence of a septum, and the presence of a bony ridge at the base of the first
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carpal compartment that can affect tendon gliding and produce inflammation. These anatomical structures increase the
friction between tendons and between tendons and bony channels. Short-term friction or minor injuries can be recovered
by local tissue interstitial lubricating fluid and self-repair, while prolonged and repeated mechanical friction will produce
chronic sterile inflammatory edema and congestion between tendons and tendon sheaths, and inflammatory exudation
will lead to local fibrosis, which will aggravate the stenosis symptoms.>

Some studies have reported that needle tip percutaneous tenotomy can be performed effectively and safely in de
Quervain’s disease.*> Acupotomy applies a miniature surgery instrument consisting of a handle, needle body and blade
(Figure 1). Acupotomy has been widely used clinically by doctors of traditional Chinese medicine and in orthopedics
and pain departments in China,® and the use of acupotomy for percutaneous release has become a routine procedure in

Injector Needles Acupuncture

Acupotomy

Figure | Schematic diagram of the acupotomy.
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dQD that can effectively avoid the creation of unsightly scars caused by open surgery.” However, the traditional
acupotomy operation is carried out without ultrasonography (US) guidance as a blind technique, so the operator
needs to have high anatomical knowledge, and there might be some operational risks.® This study evaluated the safety
and accuracy of ultrasound-guided and nonultrasound acupotomy in the treatment of dQD and proposed an anatomical
reference.

Materials and Methods

Fifty-nine embalmed cadaver arms were selected. They had not been dissected and had no major wrist or hand injuries.
This study was approved by the Ethics Committee of Peking University School of Medicine for human research (FITCM
TACUC 2021077). According to whether the water content of the specimens could be displayed by ultrasound images,
the specimens were divided into 23 cases in the ultrasound group (U Group) and 36 cases in the blind group (B Group).
A 1.00 mm-acupotomy 50.00 mm in length was used. The experiment was completed by two trained operators: one
doctor (Shen Yifeng) was responsible for the operation of the ultrasound and needle knife, and the other doctor (Zhou
Qiaoyin) was responsible for the dissection and measurement.

The forearm specimen was placed in a neutral position, and the wrist was kept ulnar to facilitate needle insertion. The
high-frequency ultrasound probe was placed on the surface of the radial styloid process, and the first compartment of the
wrist was identified by transverse scanning. The operation procedure is as follows: the needle is inserted in the plane, the
needle body and the skin are at an angle of 15°, and the knife surface is perpendicular to the skin. The ultrasound image
shows that when the needle knife penetrates the skin and reaches the surface of the tendon sheath, it is pushed and
released once, and it can be clearly felt during the pushing and cutting process. There is a feeling that the tough tissue is
cut under the needle knife, and the needle is retained (Figure 2A).

The blind operation group also used the same method to insert the needle without ultrasound assistance. First, the
highest point of the radial styloid process was touched by hand for anatomical positioning, and the needle insertion point
was located at the distal end of the radial styloid process. It is located between the two bony ridges of the radial styloid
process and is flush with the proximal transverse crease of the wrist. The other operations were the same as those in the
ultrasound group (Figure 2B).

A magnifying glass was used to observe the superficial branch of the radial nerve, radial artery, and tendon for cuts
and injuries. Tendon injuries were assessed using the following methods: tendon injury (none; minor injury: superficial
minor injury or injured tendon thickness <10%; severe injury: tendon rupture or injured tendon thickness >10%). The
following distances were measured using an electronic Vernier caliper: the shortest lateral distance (L1) of the incision
from the radial branch of the superficial branch of the radial nerve. The shortest lateral distance (L2) of the incision from
the ulnar branch of the superficial radial nerve. The shortest longitudinal distance from the incision to the bifurcation of
the superficial branch of the radial nerve (L3). The shortest lateral distance from the incision to the radial artery (L4) and
the shortest longitudinal distance from the incision to the radial artery snuff fossa (L5). We observed whether the position
of the acupotomy incision was located on the surface of the first sheathing canal at the radial styloid process or deviated

B

Figure 2 (A) Ultrasound-guided acupotomy manipulation of a forearm specimen; (B) Blind acupotomy manipulation on a forearm specimen.
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Figure 3 Schematic diagram of the release traces and anatomical structure of the radial styloid process with acupotomy | (red line) needle-knife release trace (L6); 2
superficial branch of the radial nerve; 3 radial artery; 4 radial artery snuff fossa; 5 extensor pollicis brevis; 6 abductor pollicis longus; 7 radial wrist retina; LI, the shortest
lateral distance of the incision from the radial branch of the superficial branch of the radial nerve. L2, the shortest lateral distance of the incision from the ulnar branch of the
superficial radial nerve. L3, the shortest longitudinal distance from the incision to the bifurcation of the superficial branch of the radial nerve. L4, the shortest lateral distance
of the incision from the radial artery. L5, the shortest longitudinal distance of the incision from the radial artery snuff fossa segment.

from the target release area. The length of the acupotomy incision (L6) was measured, and the full release and partial
release and the number of unreleased cases were recorded. Anatomical structures for manipulation are also observed and
measured. The incision approach, length and morphological classification of the bony and fibrous canal of the first carpal
compartment, fibrous septum and bony protrusions in the radial styloid groove were observed in this study (Figure 3).

All data were analyzed by SPSS 20.0 statistical software. The count data such as success rate and injury rate were
expressed as percentages (%). Chi-square test was used for comparison between groups, and P < 0.05 was considered
statistically significant. Anatomical data and other measurement data were expressed as mean + standard deviation (x * s),

independent samples #-test was used for comparison between groups, and P < 0.05 was considered statistically significant.

Results

Ultrasound Images

After placing the ultrasound probe on the radial styloid process with one end of the probe approximately flush with the
proximal wrist crease (Figure 4A), on the ultrasound images, the tendon fiber bundles were continuous cord-like
hyperechoic layers, the synovial layer of the tendon sheath adjacent to the tendon was cleft-like hypoechoic, and the
densely structured tendon sheath fiber layer was hyperechoic on the outside. The needle knife showed a high signal, and
the puncture and cutting process at the radial styloid process could be clearly visualized in real time in the longitudinal
scanning plane. The radial styloid process bone ridge and the radial bone surface showed high-brightness signals and left
sound shadows below. Fat and superficial fascia showed a strong echo reflex (Figure 4B).

Success Rate and Injury Rate

As shown in Table 1, the complete release rates were similar to those of ultrasound-guided and blind-sighted procedures,
but the missed rate of ultrasound operation was only half that of the blind operation (3 of 23 [13.04%] in the U group
versus 9 of 36 [25%] in the B group). Dissection revealed no nerve or vascular injury to the manipulation in either the
ultrasound operation or the blinded operation. No flexor tendon laceration or severe injury of suspected clinical
importance was seen in the tendon, although minor surface scratches were visualized in 11 cases (18.64%), including
3 cases (13.04%) in the US-guided acupotomy operation and 8 cases (22.22%) in the blind acupotomy operation
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Figure 4 (A) Scanning plane schematic diagram of ultrasound-guided acupuncture treatment of dQD; (B) Ultrasound image of longitudinal section scanning of dQD treated
with acupotomy under ultrasound guidance.
Abbreviations: EPB, extensor pollicis brevis; APL, abductor pollicis longus; Triangle, acupotomy.

(Figure 5A). The distances from the nerves and blood vessels between the two operations are shown in Figure 5, and the
difference was not statistically significant (P > 0.05) (Figure 5B, Table 2).

Anatomical Findings

The acupotomy approach was from the skin to the superficial fascia to the tendon sheath. After puncturing the skin, it
penetrates the subcutaneous fat and superficial fascia and reaches the surface of the first extensor tendon compartment of
the wrist. The surface of the tendon sheath is pushed and sloped using the vertical blade surface without going deep into
the first extensor tendon compartment of the wrist or piercing the inside tendon (Figure 6).

The length of the bone fibrous sheath in the first extensor tendon compartment of the wrist was 23.23 + 3.01 mm, and
the length of the volar bone crest of the radial styloid process was 9.65 + 1.67 mm (6.23~15.70 mm). According to the
distance between the fibrous sheath in the radial styloid process and the distal wrist rasceta, it can be separated into 3
types: Type I: The fibrous canal extends to the distal wrist crease in 35.59% (21/59). Type II: The fibrous canal extends to
the distal wrist crease and radial styloid process, 47.46% (28/59). Type III: Vascular extension to the radial styloid
process 16.95% (10/59) (Figure 7).

A total of 32.20% (19/59) of the first extensor tendon compartment had a fibrous septum, 6 cases had a complete
fibrous septum length with extension of the entire tendon, and 13 cases had an incomplete fibrous septum with a length of
6.78 £ 2.91 mm (2.45-10.88 mm). It was observed that 18 of the 59 upper limb specimens had bony protrusions in the
radial styloid groove, and the rate of bony protrusions was 30.51% (Figure 8). Fifteen specimens had a bone crest, of
which 12 specimens had a bone crest with fibrous septa, 3 specimens had a bone crest but no fibrous septum, and 6
specimens had no bone crest but a fibrous septum. There were obvious differences between the bony protrusions in the
radial styloid groove and the flat radial styloid groove (Figure 9).

Table | Success of Percutaneous Release of the First Extensor Tendon
Compartment by Method (n, %)
Complete Partial Missed
U group (n=23) 13 (56.52) 7 (30.43) 3 (13.04)
B group (n=39) 20 (55.56) 7 (19.44) 9 (25.00)
P value 0.69 0.25 0.33
Journal of Pain Research 2022:15 https: 3999
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Figure 5 (A) Success rate and injury rate; (B) Distance of the incision from nerves and blood vessels.

Clinical Application Discovery

We found that both ultrasound-guided acupotomy operation and blind acupotomy operation for dQD have good clinical
results, but ultrasound guidance can reduce the bleeding rate of the procedure, which may be related to the blood vessels
above the area of the first extensor tendon compartment (Figure 10) and the avoidance of subcutaneous vessels by
ultrasound Doppler.

Discussion

In this study, the clinical anatomical method was used to verify that ultrasound scanning can clearly visualize the
acupotomy treatment area at the radial styloid process and clearly visualize the puncture and release process of the
acupotomy. The ultrasound-guided acupotomy operation for dQD was superior to the blind operation in accuracy,
possibly because the ultrasound-guided operation could be monitored and accurately positioned on the surface of the
first bony fibrous sheath of the radial styloid process. This allowed avoiding the release of the superficial fascia of the
fibrous tube or piercing the first extensor tendon compartment without releasing the fibrous sheath. However, there was
a similar complete release rate between the two operation methods, indicating that the blind operation also has a high
success rate under the premise of a skilled practitioner. Ultrasound-guided acupotomy treatment is widely accepted by
clinicians. Ultrasound-guided acupotomy release has a good curative effect in the treatment of dQD,’ and ultrasound-
guided acupotomy is better than palpation and positioning operations.'® This shows that the safety of ultrasound-guided
acupotomy is similar to that of the blind operation. There was no radial nerve or radial artery injury in either group. The
tendon injury rate of the ultrasound-guided group was lower than that of the blind group, but the difference was not
significant. Ultrasound can locate the depth of the bony fibrous canal in the first extensor tendon compartment of the
wrist, avoiding more tendon scratches. At the same time, ultrasound can identify anatomical variations and reduce the
risk of operative injury.

Table 2 The Distance from the Needle Knife Incision to Blood Vessels and Nerves and the Length of the
Incision (mm)

Blood Vessel Nerve Incision
LI L2 L3 L4 L5 L6
U group (n=23) 5.16x1.61 6.59+1.75 14.28+5.70 9.85+2.46 8.77+2.61 6.87+3.91
B group (n=39) 5.29%1.21 6.25+2.20 15.07£5.11 10.43£2.15 8.48+3.34 6.16+3.60
P value 0.104 0.272 0.319 0.841 0.250 0.697
4000 https: Journal of Pain Research 2022:15
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Figure 6 Acupotomy release on the surface of the first extensor tendon compartment of the wrist.

Figure 7 Three types of fiber tube extensions a, Distal wrist rasceta. b, radial styloid process.

Acupotomy treatment of dQD has been widely used in clinical practice, but there are potential safety hazards due to
a lack of basic knowledge of anatomy and irregular operation protocols. In our study, we found that ultrasound-guided
blind acupotomy for the treatment of dQD was less likely to damage blood vessels and nerves, and any injury was mainly
along the tendon. Two cases of iatrogenic injury of dQD treated by irregular acupotomy have been reported.'' Within 2
months after the acupotomy treatment, the patient had a “clicking” sound at the radial styloid process when he held
a heavy object. The ruptured APL tendon was sutured during surgery and was found to be cauda equina. We simulated
deep penetration of the needle knife into the tendon on a wrist specimen, and a cauda equina break at the tendon was
found (Figure 11). In the treatment of dQD with acupotomy, it is necessary to avoid transverse dissection and the bone
surface in-depth operation to avoid tendon injury.'* Although there have been no clinical reports of needle knife injury to
the nerves and vessels at the radial styloid process, clinical malpractice of local steroid injections into the superficial
branches of the radial artery resulting in finger necrosis is still noteworthy.'*'* The superficial branches of the radial
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Figure 8 First extensor tendon compartment with a fibrous septum. *Fibrous septum; #Bone fibrous sheath; EPB (extensor pollicis brevis); APL (abductor pollicis longus).

Figure 9 Differences between the bony protrusions in the radial styloid groove (left) and the flat radial styloid groove (right). *Bony protrusions.

Figure 10 The blood vessels above the area of the first extensor tendon compartment.

nerve are susceptible to medical injury due to their course and the design of the surgical incision.'” Patients who undergo
surgery for dQD may suffer from postoperative complications such as nerve loss, transient or permanent sensory
dullness, and neuroma.'® When acupotomy is performed for dQD, the palmar and dorsal 2 bony crests of the radial
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Figure 11 Simulated deep penetration of the acupotomy into the tendon results in a cauda equina break.

tuberosity and their highest points should be touched first. Above the line of the highest point of the crest and within 1 cm
from the 2 highest points between the two crests is a safe treatment area; operations outside this area will increase the risk
of injury to the superficial branch of the radial nerve, radial artery, cephalic vein, and tendon.'’

The wrist radial extensor support band forms the first chamber of the wrist between the two bony crests at the radial
styloid process, which forms the fibrous wall layer of the tendon sheath and serves to fix the ABL and EBP. The bone
groove formed between the palmar and dorsal crests of the radial styloid process has little space for movement, and the
wrist joint and thumb are under great tension during movement. The bony fibrous canal of the first chamber of the wrist
at this location can be released by acupotomy to relieve the restrictive local anatomical structure of the causative agent. In
this experiment, the length of the palmar crest of the radial tuberosity was measured to be 9.65 + 1.67 mm
(6.23~15.70 mm), so it can be completely loosened by pushing and cutting approximately 1 cm. At the same time, the
extensor support band crosses the palmar crest longitudinally, and there is a distance of approximately 1 cm at both the
proximal and distal ends, which can play a fixed role in preventing slippage of the tendon to a certain extent.

The fibrous septum is located within the bony layer of the first compartmental compartment of the wrist and manifests
as a localized septum that does not extend along the entire length of the first compartmental compartment of the wrist.
The development of radial stenosis tenosynovitis may be related to the presence of a fibrous septum. A septum at the
radial styloid process increases the sliding resistance of the EPB during wrist flexion in biomechanical experiments.'®
The presence of a fibrous septum may increase the susceptibility to dQD and failure of nonsurgical treatment.'® Eighty-
six percent of patients with dQD had a septum completely separating the APL and EPB tendons.?’ The septum might be
a pathological state in which the septum progresses from incomplete to complete and may depend on the chronic
inflammatory response of the synovial membrane produced by multiple APL and EPB tendon stenoses.?' In this study,
32.20% (19/59) had a fibrous septum, 6 cases had a complete fibrous septum accompanying the entire tendon extension,
and 13 cases had an incomplete fibrous septum length of 6.78 £ 2.91 mm (2.45 to 10.88 mm). The fibrous septum in the
fibrous sheath canal mainly wraps around the EPB tendon, making the space for the EPB tendon narrower.”” Surgical
release of only the subspaces of the EPB tendon has also been clinically effective.”® The number of APL tendons ranges

3.2* Humans commonly have 2 or more APL tendons and 1

from 1 to 5, and the number of EPB tendons ranges from 0 to
EPB tendon.”> Acupotomy can be considered to incise the subinterval of the EPB tendon by entering the ulnar side of the
first carpal compartment, but considering that the EPB tendon is thin and small, it is prone to damage and rupture during
the operation, and such an operation needs further research.

From the data of this experimental study, the rate of appearance of the bone crest in the bone groove of the radial
styloid process was 30.5%, and the appearance of the bone crest reduced the sliding space of the tendon in the bone
groove of the radial styloid process. The use of modified total tenosynovectomy and cystectomy for recurrent refractory

radial stenosing tenosynovitis had satisfactory results and effectively prevented recurrence and complications,”®
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indicating that the crest is also a factor to be considered in the treatment of radial stenosing tenosynovitis. Measurements
were performed on 284 Chinese cadaveric dry radius intact distal limb specimens, and the most common tissue was
found to be type I (extensor sulcus divided into two grooves by a bony ridge) in 181 specimens, accounting for 63.73%
of the total. Type II (a single groove of the extensor sulcus without bony ridges) was found in 79 specimens (27.82%).
Type III (flat type) accounted for 24 cases (8.45%).%” This study used CT images to observe sex differences in the radial
grooves of the first extensor compartment and found that 19.8% of men and 33.3% of women showed grooves with bony
ridges in the first extensor groove of the wrist, suggesting that bony ridges are more common in women. This may also be
one of the reasons why radial stenosis tenosynovitis is more prevalent in women.?®

The study still has limitations. First, due to the limitation of the number of specimens and its conditions, there is the
different water content between two groups, which may affect the results of the operation. The difference is not
statistically significant, but some advantages of the ultrasound procedure can still be seen. Second, formalin-fixed
human specimens differ from patients in tissue composition and morphology. We will further use clinical randomized
controlled trials to observe the efficacy.

Conclusions
Both traditional and US-guided percutaneous release by acupotomy of the first extensor tendon compartment can be
performed for all wrists. US-guided techniques can improve the success rate and reduce damage during acupotomy operations.
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