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Efficacy of Single-Session Focused Extracorporeal Shockwave
Therapy in Patients with Moderate-Degree Carpal Tunnel
Syndrome Versus Steroid Injection Therapy:

A Single-Blind Randomized Controlled Trial
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Department of Rehabilitation Medicine, Faculty of Medicine, Srinakharinwirot University,
Nakhon Nayok, Thailand

ABSTRACT

Objectives: To compare the efficacy of single-session focused
extracorporeal shockwave therapy (FESWT) and steroid injection
in moderate-degree carpal tunnel syndrome

Study design: A single-blind, randomized controlled trial
Setting: Her Royal Highness Princess Maha Chakri Sirindhorn
Medical Center, Nakhon Nayok, Thailand

Subjects: Patients with electrophysiological evidence of moderate-
degree carpal tunnel syndrome.

Methods: Thirty-three patients with a combined total of 36 affected
hands were enrolled. The mean age was 56.9 (10.68) years.
Among the affected hands, 25 were right hands and 11 were
left hands. Equal numbers of the thirty-six affected hands were
randomly assigned to the experimental group, which received
single-session fESWT with energy flux density ranging from 0.03
to 0.10 mJ/mm?, 2,000 shocks per session at a frequency 6-8
Hz and the comparative group which received an injection of 10
milligrams of triamcinolone acetonide in 1 milliliter of solution.
Outcomes were assessed using the following questionnaires:
1. Visual Analog Scale (VAS) for pain, 2. VAS for paresthesia,
3. Quick Disabilities of the Arm, Shoulder, and Hand (Quick
DASH) scores, and 4. Total Boston Carpal Tunnel Questionnaire
(BCTQ). Scores were recorded both before the interventions and
at follow-up weeks 4, 8, and 12.

Results: There were no significant differences in demographic
characteristics between the groups. After treatment, both groups
showed reductions in VAS for pain, VAS for paresthesia, QDASH
scores, and total BCTQ scores between baseline and weeks
4 and 12 follow-ups, with no statistically significant differences
between the groups.

Conclusions: There was no evidence indicating a difference
in clinical efficacy between single-session fESWT and steroid
injection therapy in patients with moderate-degree carpal tunnel
syndrome over a 12-week period. Therefore, noninvasive fESWT
could be considered an option to which can avoid possible side
effects of steroid injection.
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Introduction

Carpal tunnel syndrome (CTS) is the most common peri-
pheral nerve entrapment neuropathy in the upper extremity.
It results from compression of the median nerve as it passes
through the flexor retinaculum at the wrist. Common symp-
toms often include numbness or tingling in the palm areas
supplied by the median nerve, specifically the tips of the
thumb, index finger, and middle finger, and weakness during
movement or while gripping objects."? This condition is found
in approximately 2.7% to 5.8% of the general population, with
a reported incidence of 276:100,000 annually." The patho-
physiology of CTS involves a combination of mechanical
trauma, increased pressure, and ischemic damage to the
median nerve within the carpal tunnel.®

The treatment options were categorized into non-surgical
and surgical treatments, with the choice of modality based
on the condition’s severity. Non-surgical treatment was parti-
cularly effective for cases with mild symptoms, a duration
of less than one year, and no muscle atrophy. Non-surgical
treatments are well-supported by credible evidence for their
efficacy including splinting and steroid injections. Both of
these options are recommended as first-line treatments.*®
The exact mechanism of symptom relief is unknown, but the
effects are believed to relate to the anti-inflammatory effects
of steroids and to slightly decrease the risk of surgery during
the first year; however, they might not continue to decrease
the rate of surgery when follow-up continues for years.® Com-
plications after administering steroid injections can include
pain during injection, skin discoloration, muscle atrophy,
infection or inflammation, finger ischemia, torn or damaged
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tendons, and median nerve injury. These complications can
be temporary or permanent.”®

Focused extracorporeal shockwave therapy (fESWT) is
a relatively new method that has been used to treat a variety
of musculoskeletal diseases.® fESWT is a noninvasive treat-
ment that applies shockwaves to injured tissue to reduce
pain and promote the healing process in tendinopathies and
in bone and skin pathologies. Studies have confirmed its suc-
cess in treating chronic plantar fasciitis, epicondylitis, and
rotator cuff tendinitis. The working principle of fESWT involves
repairing and stimulating the healing of tissues, nerves, and
muscles at the molecular level. It triggers the release of local
analgesia, which helps reduce pain symptoms.®" Prior studies
of ESWT have been conducted in CTS patients. For example,
a study by Paoloni M. et al. comparing treatments for CTS
between ultrasound therapy administered five times a week
for three weeks and extracorporeal shockwave therapy
administered once a week for three weeks found the group
treated with shockwave therapy showed more significant
improvement. In that study, outcomes were assessed using
the Visual Analog Scale (VAS) score for numbness symptoms
and found that the benefits of the shockwave therapy lasted
up to three months." A study by Seok et al. using one session
of ESWT for CTS demonstrated improvements in pain scores
and functional status comparable to local steroid injections.
Additionally, in contrast to steroid injection, ESWT has the
added benefit of being noninvasive.” Ke et al. suggested
that ESWT is a valuable method for treating CTS and that
results are more detectable in moderate degree than in mild
degree CTS."™ Currently, the treatment of CTS with ESWT
does not yet have clearly defined standards, and studies in
patients with moderate degree CTS are still limited. A previous
study highlighted the potential benefits of fESWT over other
treatments and showed that a single-dose radial ESWT
was appropriate for treating mild to moderate CTS and that
it provided longer-lasting benefits (24 months) in Thais.™ If
the results of the present study are confirmed by additional
research, ESWT could be more widely applied to this group
and could provide an alternative for those concerned about
the side effects of steroid injections or who are apprehensive
about injections, thus potentially improving their quality of life
and expanding healthcare options.

Methods

Study design

This study was a single-blind, randomized controlled
trial conducted at the Department of Rehabilitation Medicine,
HRH Maha Chakri Sirindhorn Medical Center, Nakhon Nayok,
Thailand. The Human Research Ethical Committee of Sri-
nakharinwirot University approved it for human research
(ethical approval number SWUEC/F-445/2020), and it was
registered in the Thai Clinical Trials Registry on July 1, 2024
(Number TCTR20240704004).

Participants

Participants in this study were patients with clinical and
electrodiagnostic evidence of a moderate-degree of carpal
tunnel syndrome. Inclusion criteria were: 1) symptoms including
numbness or pain in the palm, along with positive findings on
the following tests: Phalen’s test, Tinel's test, and the median
compression test; 2) patients diagnosed with moderate carpal
tunnel syndrome by electrodiagnosis who showed abnormal
prolonged (relative or absolute) sensory or mixed-nerve action
potential distal latency (orthodromic, antidromic, or palmar)
Sensory nerve action potential (SNAP) amplitude below the
lower limit of normal, and (relative or absolute) prolongation
of median motor distal latency;'® 3) age 18 years and over; 4)
new patients who had not been treated with a steroid injec-
tion or other treatments, such as ultrasound, were excluded.
Exclusion criteria included: 1) A history of physical therapy
treatment in the previous six months, 2) Contraindications for
fESWT, such as pacemaker implantation, and 3) Refusal to
participate in the study. The number of participants included
in this study was determined based on studies by Seok H. etal.®
The sample size was calculated using Frison and Pocock’s
method and STATA version 14.0. The required sample size
was determined to be 18 participants per group, a total of 36,
which is sufficient to detect a clinically meaningful difference
with 80% power at a 5% significance level and to account
for a potential combined dropout rate of 20% due to loss to
follow-up, non-compliance, and attrition. All participants pro-
vided written informed consent.

Randomization

Eligible patients who consented to participate in the
research were randomly assigned to one of two groups using
block randomization, which was generated in blocks of four
using a random number generator from a free program at
www.randomization.com

This study was a single-blind trial, with two research phy-
sicians involved in evaluating the treatment’s effectiveness.
The first research physician, who was not blinded, adminis-
tered the treatment and assessed any treatment-related side
effects. This physician provided treatment to both volunteer
groups. The second research physician, who was blinded,
was responsible for recording and documenting the assess-
ment results of both groups.

Intervention

One group received treatment via an injection of 10 milli
grams of triamcinolone acetonide (TA) in 1 milliliter of solu-
tion, administered at a 45-degree angle to the medial side of
the flexor retinaculum using a 25-gauge needle. The other
group received a single session focused on extracorporeal
shockwave therapy using an electromagnetic cylindrical coil
(Storz Medical AG, Tagerwilen, Switzerland). This device has
an energy flux density ranging from 0.03 to 0.10 mJ/mm?, a
6-8 Hz frequency, and delivers 2,000 pulses per session.
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The shockwave probe was placed around the medial side
of the flexor retinaculum area, and the energy intensity was
adjusted to a level tolerable for the patient and was continued
at that level until the treatment was completed. During the
12-week data collection period following this intervention,
additional treatments such as CTS splints, physical therapy,
or other medication were not allowed.

Outcome measurement

The primary outcome measures were the VAS for pain,
the VAS for paresthesia, the Thai version of Quick DASH
(QDASH) scores', and the Thai version of the Boston Carpal
Tunnel Questionnaire (BCTQ) scores ', along with the assess-
ment of any adverse events at weeks 4, 8, and 12 after the
treatment.

Statistical methods

This study analyzed the demographic characteristics of
both groups using the mean (standard deviation). Demo-
graphic data were analyzed using Fisher’s exact test for cate-
gorical variables, the Mann-Whitney U test for non-normally
distributed continuous variables, and the independent t-test
for normally distributed continuous variables. Generalized
estimating equation (GEE) statistics was used to compare
the primary outcome at baseline and at weeks 4, 8, and 12
after treatment of VAS score for pain including VAS score for
paresthesia, QDASH scores, and total BCTQ scores reported
with the mean difference and a 95% confidence interval. Sta-
tistical significance was set at p < 0.05. The characteristics of
adverse events were recorded.

Results

Thirty-three patients, comprising 32 females and one
male, with a total of 36 affected hands, participated in the

study. Their ages ranged from 40 to 77 years, with a mean
age of 56.94 (10.68). Three individuals had symptoms in both
hands, while 30 had symptoms in only one hand. Symptoms
were found in 25 right hands and 11 left hands. Of those,
25 hands were on the dominant side, and 11 were on the
non-dominant side. There were no significant differences in
demographic data between the groups (p > 0.05), as shown
in Table 1.

The participants’ data were compared at baseline and at
weeks 4, 8, and 12 after treatment, as shown in Tables 2-5. It
was found that there was a reduction in VAS for pain, VAS for
paresthesia, QDASH scores, and total BCTQ scores at the
week four follow-up in both groups. Nonetheless, no statisti-
cally significant differences were found between the groups
(p=0.987,0.254, 0.230, 0.194). At the week eight follow-up,
there was a decrease in VAS for paresthesia, QDASH scores,
and total BCTQ scores compared to baseline, but there was
anincrease in those values compared to the week four follow-
up in both groups. Only the VAS for pain in the fESWT group
increased compared to baseline. Comparison between the
two groups found no statistically significant differences (p =
0.482,0.261, 0.959, 0.390, respectively). Atthe week twelve
follow-up, it was found that there was a reduction in VAS
for pain, VAS for paresthesia, QDASH scores, and total
BCTQ scores in both groups. Nonetheless, when comparing
the groups, the differences were found to be not statisti-
cally significant (p = 0.300, 0.945, 0.645, 0.396). Overall,
there was a reduction in VAS for pain, VAS for paresthesia,
QDASH, scores and total BCTQ scores in both groups. Com-
parison between the groups found no statistically significant
differences (p = 0.107, 0.073, 0.720, and p < 0.001)

Enrolled: 36 affected hands

!

Demographic data
VAS score for pain, VAS score for paresthesia,
QDASH score, total BCTQ score at baseline

!

| Block randomized allocation |

r

fESWT 18 affected hands |

l

| TA 18 affected hands

V/AS score for pain, VAS score for paresthesia,
QDASH score, total BCTQ score
at weeks 4, 8 and 12 after the treatment

Figure 1. Flow diagram of the participants. fESWT, focused extracorporeal shockwave therapy; TA, triamcinolone acetonide
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Table 1. A comparison of patient demographic data and baseline characteristics of the groups

Patient characteristic fESWT group TA group ‘p-value
Gender (female/male)’ 1710 15/1 0.486
Age (year)? 55.67 (8.76) 58.22 (10.24) 0.426
Affected hand (left/right)’ 5/13 6/12 1.000
Dominant hand (left/right)! 513 6/12 1.000
The nature of their occupation (light/heavy)'! 12/6 6/12 0.094
Experienced nighttime symptoms (yes/no)' 513 919 0.305
Baseline time of CTS (month)? 9.83(1.38) 9.11 (2.30) 0.350
Baseline VAS for pain? 2.57 (2.38) 2.55(2.97) 0.977
Baseline VAS for paresthesia? 515(1.79) 5.21 (2.60) 0.934
Baseline QDASH? 19.00 (12.06) 20.57 (15.68) 0.738
Baseline total BCTQ? 32.39 (8.21) 31.39 (8.82) 0.727

"Number, 2Mean (SD), *p < 0.05 indicates statistical significance,

fESWT, focused extracorporeal shockwave therapy; TA, triamcinolone acetonide; CTS, Carpal tunnel syn-
drome; VAS, Visual analog scale; QDASH, quick disabilities of the arm, shoulder and hand; BCTQ, Boston
Carpal Tunnel Questionnaire

Table 2. Comparison of visual analogue scale for pain at baseline and at weeks 4, 8, and 12 after
treatment

fESWT group TA group

Follow-up session MD (95% Cl) ‘p-value

Mean (SD) Mean (SD)
Baseline 2.57(2.38) 2.55(2.97) 0.03  (-1.80-1.85) 0.977
Week 4 1.97 (2.39) 1.95 (2.42) 0.01  (-1.62-1.65) 0.987
Week 8 3.66 (6.95) 241(2.73) 125  (-2.33-4.83) 0.482
Week 12 1.43(1.93) 2.35(3.15) 092  (-2.69-0.85) 0.300
Overall - - -0.06  (-1.4-0.01) 0.107

Generalized estimating equation (GEE) statistics, Mean (SD), ‘p < 0.05 indicates statistical significance
MD, mean difference; Cl, confidence interval
fESWT, focused extracorporeal shockwave therapy; TA, triamcinolone acetonide

Table 3. Comparison of the visual analogue scale for paresthesia at baseline and at weeks 4, 8,
and 12 after treatment

fESWT group TA group

Follow-up session MD (95% ClI) ‘p-value

Mean (SD) Mean (SD)
Baseline 5.15(1.79) 5.21(2.60) -0.06 (-1.58-1.45) 0.934
Week 4 2.60 (2.44) 3.60(2.73) -1.00 (-2.76-0.75) 0.254
Week 8 2.98 (2.68) 4.13 (3.35) -1.16  (-3.21-0.90) 0.261
Week 12 2.98(3.13) 2.91(3.00) 0.07  (-2.01-2.05) 0.945
Overall - - -0.06 (-0.13-0.01) 0.073

Generalized estimating equation (GEE) statistics, Mean (SD), ‘p < 0.05 indicates statistical significance
MD, mean difference; Cl, confidence interval
fESWT, focused extracorporeal shockwave therapy; TA, triamcinolone acetonide

Table 4. Comparison of the Thai version of the questionnaire assessing QDASH scores at base-
line and at weeks 4, 8, and 12 after treatment

fESWT group TA group
Mean (SD) Mean (SD)

Follow-up session MD (95% CI) ‘p-value

Baseline 19.00 (12.08) 2057 (1568) -1.04 (-10.66-8.58)  0.827
Week 4 1197 (11.63)  12.75(12.67) -150 (-9.74-6.74)  0.714
Week 8 18.76 (18.05)  17.88(16.87) -0.29 (-12.04-1145)  0.959
Week 12 1449 (14.84)  1573(20.83) 274 (-1470-9.22) 0645
Overall - - 139 (-0.01623)  0.720

Generalized estimating equation (GEE) statistics, Mean (SD), ‘p < 0.05 indicates statistical significance

MD, mean difference; Cl, confidence interval

fESWT, focused extracorporeal shockwave therapy; TA, triamcinolone acetonide; QDASH, quick disabilities
of the arm, shoulder and hand
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Table 5. Comparison of the Thai version total BCTQ scores at the week before treatment and at

weeks 4, 8, and 12 after treatment

fESWT group

TA group

. 0 .
Follow-up session Mean (SD) Mean (SD) MD (95% Cl) p-value
Baseline 32.39 (8.21) 31.39 (8.82) 0.70  (-5.17-6.57) 0.809
Week 4 26.61(10.43) 27.89(9.24) -2.09 (-8.61-4.42) 0.518
Week 8 28.89(10.78)  31.28(10.70)  -3.10  (-10.33-4.14)  0.390
Week 12 27.61(8.68) 29.72(12.21) 296  (-9.99-4.05) 0.396
Overall - - 140  (1.21-1.60) <0.001

Generalized estimating equation (GEE) statistics, Mean (SD), ‘p < 0.05 indicates statistical significance

MD, mean difference; Cl, confidence interval

fESWT, focused extracorporeal shockwave therapy; TA, triamcinolone acetonide; BCTQ, Boston Carpal Tunnel

Questionnaire

Discussion

Our study showed a decrease in all parameters, but no
statistically significant difference between the two treatment
groups. The participants’ outcomes were assessed at base-
line and weeks 4, 8, and 12 after treatment, with the results
shown in Tables 2-5. At the 4-week follow-up, both groups
exhibited a reduction in VAS for pain, VAS for paresthesia,
QDASH scores, and total BCTQ scores. However, the com-
parison between groups did not reveal any statistically sig-
nificant differences (p = 0.987, 0.254, 0.230, 0.194). These
findings suggest that while the treatments effectively reduced
symptoms within each group, the improvement was compa-
rable across groups. At the 8-week follow-up, there was a
continued decrease in VAS for paresthesia, QDASH scores,
and total BCTQ scores compared to baseline, except for VAS
for pain in the fESWT group. Intriguingly, compared to the
week 4 follow-up, an increase in these scores was observed,
suggesting a potential fluctuation or plateau in symptomatic
relief over time. However, comparisons between the groups
showed no statistically significant differences (p = 0.482,
0.261, 0.959, 0.390), indicating that both groups experienced
similar trends in symptom changes. By the 12-week follow-
up, both groups had a notable reduction in VAS for pain, VAS
for paresthesia, QDASH scores, and total BCTQ scores.
Despite these improvements within each group, no statistically
significant differences were identified between the groups (p =
0.300, 0.945, 0.645, 0.396). This consistent pattern of similar
outcomes across both groups reinforces earlier findings that
the treatment effects are equivalent throughout the study
duration.

Overall, the data demonstrated a reduction in VAS for
pain, VAS for paresthesia, QDASH scores, and total BCTQ
scores from baseline to the 12-week follow-up in both groups.
Although both groups benefited from the treatment, the lack
of statistically significant differences between the groups (p
= 0.107, 0.073, 0.720, < 0.001) indicates neither treatment
regimen was superior. These findings suggest that the in-
terventions provided comparable efficacy in managing symp-
toms in the study population. These results are consistent
with Li et al.'s meta-analysis findings regarding pain relief
and function improvement that the effects of ESWT and local
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corticosteroid injection for treating CTS are not significantly
different.’™ The results are also consistent with the study by
Vongvachvasin et al., which reported that fESWT combined
with conservative treatment effectively improved symptoms
and hand function in patients with moderate-to-severe carpal
tunnel syndrome compared to conservative treatment alone.?

Seok et al. studied the effects of one session of ESWT
for CTS and reported improvements in pain scores and func-
tional status comparable to those achieved with local steroid
injections.”™ Seok’s study used ultrasonography to guide
steroid injections and fESWT, yet the results were similar to
those of the present study which did not utilize ultrasound
guidance, a method not commonly used in Thailand. Addi-
tionally, a study by Gesslbauer suggested that fESWT is
an effective and noninvasive treatment method for mild to
moderate CTS.?!

In our study, no side effects or serious complications
occurred in the group treated with a single session of fESWT.
However, one case of a side effect was reported after the
steroid injection at the 4-week follow-up. This intervention
involved a minor occurrence of nerve discomfort characterized
by tingling and mild pain in the tip of the thumb. These symp-
toms resolved after appropriate treatment with medication.

Suggestions for future research projects include monitor-
ing the duration of paresthesia symptoms returning after both
treatments to assess treatment efficacy. Additionally, a cost-
effectiveness comparison between the two treatments could
be conducted to evaluate their relative value. This treatment
employed single-session focused shockwave therapy which
has shown lasting effects on patients for up to 12 weeks.
However, further studies are needed to compare the effec-
tiveness of single-session treatment versus weekly sessions
to determine which approach yields superior outcomes.

Limitations of this research include the small number of
participants which may be attributed to the limited diversity
among research participants and the small sample size.

Conclusions

There is no evidence indicating a difference in clinical
efficacy between single-session fESWT and steroid injec-
tion therapy in patients with moderate-degree carpal tunnel
syndrome over a 12-week period. Therefore, noninvasive



fESWT can be considered an option to avoid possible side
effects of steroid injection.

Acknowledgments

This study would not have been possible without the sup-

port and funding from the Faculty of Medicine, Srinakharin-
wirot University. We would like to express our gratitude to all
the colleagues and participants at HRH Maha Chakri Sirind-
horn Medical Center in Nakhon Nayok.

References

1.

Leblanc KE, Cestia W. Carpal tunnel syndrome. Am Fam Physi-
cian [Internet]. 2011 [cited 2020 Sep 1]15;83(8):952-8. Available
from: https://pubmed.ncbi.nim.nih.gov/21524035/

. Aroori S, Spence RA. Carpal tunnel syndrome. Ulster Med J [Inter-

net]. 2008 [cited 2020 Sep 1]; 77(1):6-17. Available from: https:/
pubmed.ncbi.nim.nih.gov/18269111/

. Genova A, Dix O, Saefan A, Thakur M, Hassan A. Carpal tunnel

syndrome: a review of literature. Cureus [Internet]. 2020 [cited
2020 Sep 3]19;12(3):e7333. Available from: https://pubmed.ncbi.
nim.nih.gov/32313774/doi:10.7759/cureus.7333

. Martins RS, Siqueira MG. Conservative therapeutic management

of carpal tunnel syndrome. Arq Neuropsiquiatr [Internet]. 2017 [cit-
ed 2020 Sep 3];75(11):819-824. Available from: https://pubmed.
ncbi.nim.nih.gov/29236827/ doi: 10.1590/0004-282X20170152

. Wipperman J, Goerl K. Carpal tunnel syndrome: diagnosis and

management. Am Fam Physician [Internet]. 2016 [cited 2020 Sep
5]15;94(12):993-999.Available from: https://pubmed.ncbi.nim.nih.
gov/28075090/

. Karjalanen T, Raatikainen S, Jaatinen K, Lusa V. Update on efficacy

of conservative treatments for carpal tunnel syndrome. J Clin Med.[In-
ternet] 2022 [cited 2023 May 15]11;11(4):950. Available from: https://
pubmed.ncbi.nim.nih.gov/35207222/ doi:10.3390/jcm 11040950

. McConnell JR, Bush DC. Intraneural steroid injection as a com-

plication in the management of carpal tunnel syndrome. a report
of three cases. Clin Orthop Relat Res [Internet]. 1990 [cited 2023
May 20] ;(250):181-4. Available from: https://pubmed.ncbi.nim.nih.
gov/2293928/

. Marshall S, Tardif G, Ashworth N. Local corticosteroid injection for car-

pal tunnel syndrome. Cochrane Database Syst Rev [Internet]. 2007
[cited 2023 May 20]18;(2):CD001554. Available from: https://pubmed.
ncbi.nim.nih.gov/17443508/ doi:10.1002/14651858.CD001554.pub2

. Chen KT, Chen YP, Kuo YJ, Chiang MH. Extracorporeal shock

wave therapy provides limited therapeutic effects on carpal tun-
nel syndrome: a systematic review and meta-analysis. Medicina
(Kaunas) [Internet]. 2022 [cited 2023 June 1]19;58(5):677. Availa-
ble from: https://pubmed.ncbi.nim.nih.gov/35630095/ doi:10.3390/
medicina58050677

. Crevenna R, Mickel M, Schuhfried O, Gesslbauer C, Zdravkovic

A, Keilani M. Focused extracorporeal shockwave therapy in physi-
cal medicine and rehabilitation. Curr Phys Med Rehabil Rep [In-
ternet]. 2021[cited 2023 June 20];9:1-10. Available from: https:/
www.researchgate.net/publication/347516349_Focused_Extra-
corporeal_Shockwave_Therapy_in_Physical_Medicine_and_Re-
habilitation/ doi:10.1007/s40141-020-00306-z

. Notarnicola A, Moretti B. The biological effects of extracorporeal

shock wave therapy (eswt) on tendon tissue. Muscles Ligaments
Tendons J [Internet]. 2012 [cited 2023 June 20]17;2(1):33-7. Avail-
able from: https://www.researchgate.net/publication/237058245_

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The_biological_effects_of_extracorporeal_shock_wave_therapy_
eswt_on_tendon_tissue

Paoloni M, Tavernese E, Cacchio A, D’orazi V, loppolo F, Fini M,
et al. Extracorporeal shock wave therapy and ultrasound therapy
improve pain and function in patients with carpal tunnel syndrome.
A randomized controlled trial. Eur J Phys Rehabil Med [Internet].
2015 [cited 2023 Sep9];51(5):521-8. Epub 2015 Feb 20. Available
from: https://pubmed.ncbi.nim.nih.gov/25697763/

Seok H, Kim SH. The effectiveness of extracorporeal shock wave
therapy vs. local steroid injection for management of carpal tunnel
syndrome: a randomized controlled trial. Am J Phys Med Rehabil
[Internet]. 2013 [cited 2023 Sep 9];92(4):327-34. Available from:
https://www.researchgate.net/publication/232222927_The_Ef-
fectiveness_of_Extracorporeal_Shock_Wave_Therapy_vs_Lo-
cal_Steroid_Injection_for_Management_of_Carpal_Tun-
nel_Syndrome_A_Randomized_Controlled_Trial/ doi: 10.1097/
PHM.0b013e31826edc7b

Ke MJ, Chen LC, Chou YC, Li TY, Chu HY, Tsai CK, Wu YT. The
dose-dependent efficiency of radial shock wave therapy for pa-
tients with carpal tunnel syndrome: a prospective, randomized,
single-blind, placebo-controlled trial. Sci Rep [Internet]. 2016
[cited 2020 Sep 9] 2;6:38344. Available from: https://pubmed.ncbi.
nim.nih.gov/27910920/ doi: 10.1038/srep38344

Atthakomol P, Manosroi W, Phanphaisarn A, Phrompaet S, lam-
matavee S, Tongprasert S. Comparison of single-dose radial
extracorporeal shock wave and local corticosteroid injection for
treatment of carpal tunnel syndrome including mid-term efficacy: a
prospective randomized controlled trial. BMC Musculoskelet Dis-
ord. 2018 Jan 25;19(1):32. Aviable from: https://pubmed.ncbi.nim.
nih.gov/29370788/ doi: 10.1186/s12891-018-1948-3

Dimitru D, Zwarts MJ. Focal peripheral neyropathy In: Dimitru D,
Amato AA, Zwarts MJ, editors. Electrodiagnostic medicine. 2nd
ed. Philadelphia: Hanley & Belfus; 2002. p.1043-1126.

Rapipong J, Buntragulpoontawee M, Tongprasert S, translators.
The QuickDASK outcome measure 2006. Thai version. [Cited
2020 Sep 10] Available from: https://dash.iwh.on.ca/sites/dash/
public/translations/DASH_Thai.pdf

Upathum S, Kumnerddee W. Reliability of Thai version Boston
questionnaire. J Med Assoc Thai [Internet]. 2008 [cited 2020 Sep
10];91(8):1250-6. Available from: https://pubmed.ncbi.nim.nih.
gov/18788699/

Li W, Dong C, Wei H, Xiong Z, Zhang L, Zhou J, et al. Extracor-
poreal shock wave therapy versus local corticosteroid injection for
the treatment of carpal tunnel syndrome: a meta-analysis. J Or-
thop Surg Res [Internet]. 2020 [cited 2024 June 14];23;15(1):556.
Available from: https://josr-online.biomedcentral.com/arti-
cles/10.1186/s13018-020-02082-x/  doi:https://doi.org/10.1186/
$13018-020-02082-x

Vongvachvasin P, Phakdepiboon T, Chira-Adisai W, Siriratna P.
Efficacy of focused shockwave therapy in patients with moderate-
to-severe carpal tunnel syndrome: a preliminary study. J Rehabil
Med [Internet]. 2024 [cited 2024 June 19]8;56:jrm13411. Avaible
from:  https:/pubmed.ncbi.nim.nih.gov/38332536/ doi:10.2340/
jrm.v56.13411

Gesslbauer C, Mickel M, Schuhfried O, Huber D, Keilani M,
Crevenna R. Effectiveness of focused extracorporeal shock
wave therapy in the treatment of carpal tunnel syndrome: A ran-
domized, placebo-controlled pilot study. Wien Klin Wochenschr
[Internet]. 2020 [cited 2024 June 20];133(11-12):568-577. Avaible
from:https://www.ncbi.nIm.nih.gov/pmc/articles/PMC7754699/
doi:10.1007/s00508-020-01785-9

ASEAN J Rehabil Med. 2025; 35(1)



