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INTRODUCTION
Carpal tunnel syndrome (CTS) is the most prevalent pe-
ripheral mononeuropathy, characterized by pain, numb-

ness, and hypoesthesia in the wrist caused by pressure on 
the median nerve [1]. Paget (1854) was the first to describe 
CTS in a patient who had suffered a fracture of the distal 
radius [2]. The general incidence of CTS is 0.1% to 0.5%. It 
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Background: Pillar pain may develop after carpal tunnel release surgery (CTRS). 
This prospective double-blinded randomized trial investigated the effectiveness of 
extracorporeal shock wave therapy (ESWT) in pillar pain relief and hand function im-
provement.
Methods: The sample consisted of 60 patients with post-CTRS pillar pain, random-
ized into two groups. The ESWT group (experimental) received three sessions of 
ESWT, while the control group received three sessions of sham ESWT, one session 
per week. Participants were evaluated before treatment, and three weeks, three 
months, and six months after treatment. The pain was assessed using the visual 
analogue scale (VAS). Hand functions were assessed using the Michigan hand out-
comes questionnaire (MHQ).
Results: The ESWT group showed significant improvement in VAS and MHQ scores 
after treatment at all time points compared to the control group (P < 0.001). Before 
treatment, the ESWT and control groups had a VAS score of 6.8 ± 1.3 and 6.7 ± 1.0, 
respectively. Three weeks after treatment, they had a VAS score of 2.8 ± 1.1 and 6.1 
± 1.0, respectively. Six months after treatment, the VAS score was reduced to 1.9 ± 
0.9 and 5.1 ± 1.0, respectively. The ESWT group had a MHQ score of 54.4 ± 7.7 be-
fore treatment and 73.3 ± 6.8 six months after. The control group had a MHQ score 
of 54.2 ± 7.1 before treatment and 57.8 ± 4.4 six months after.
Conclusions: ESWT is an effective and a safe non-invasive treatment option for 
pain management and hand functionality in pillar pain.
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has a bimodal distribution and is more common in women 
than in men and after 40 and 70 years [3-5]. Idiopathic CTS 
is the most common form, believed to be caused by endo-
crinological disorders, rheumatological diseases, tumors, 
traumas, anatomical variations, infections, and storage 
diseases. The most prominent symptom of CTS is numb-
ness and pain at night [6]. The patient usually shakes her 
hand to relieve the symptoms. The symptoms in the early 
period begin to disturb the patient during the daytime in 
advanced stages. Symptoms become more severe where 
early diagnosis and treatment are not available. With hy-
poesthesia, difficulty in opsonization arises due to atrophy 
of the thenar eminence.

Tinel’s and Phalen’s signs are used to diagnose CTS. 
Typical anamnesis, physical examination, and electro-
physiological testing make diagnosis much easier. Splint-
ing, nonsteroidal anti-ınf lammatory drugs (NSAIDs), 
vitamin B6, local corticosteroid injection, and physical 
therapy modalities are the primary CTS treatments [1,6]. 
The primary goal of conservative treatment is to release 
the pressure in the tunnel. Surgery is an option for those 
who do not respond to conservative treatment. Surgery is 
an etiology-focused intervention that aims to release the 
tunnel pressure. There are different types of surgery, such 
as mini-open, open, and endoscopic.

It is mostly the open surgery that causes edema and 
pain on the scar during the postoperative period. The 
pain, referred to as pillar pain, may be very severe [7], and 
its cause is still under investigation. However, there are 
some hypotheses. Some studies define it as sympathetic 
dystrophy [8], while others report that it is caused by skin 
incision, surgical experience and procedure, biomechani-
cal changes in the carpal arch, and problems associated 
with flexor tendon pulley [7,9,10]. Some researchers, on the 
other hand, argue that it is caused by the incised ulnar cu-
taneous branch of the median nerve (an anatomical vari-
ant) [11] (Fig. 1).

Magnetic resonance images of patients with postopera-
tive pillar pain show an inflammatory pattern in the the-
nar region. Edema in the scar tissue causes pain and red-
ness in that region. After all, pillar pain is an inflammatory 
process, and therefore, its postoperative treatment also 
involves anti-inflammatory methods, the most common of 
which are NSAIDs, cold compression, and steroids. Extra-
corporeal shock wave therapy (ESWT) is a physical therapy 
modality alternative to conventional treatment. It involves 
the administration of high-intensity sound waves arising 
from sudden pressure changes to the body. Those changes 
result in strong waves that cause compression and tension. 
There are two ways in which we can explain the thera-
peutic effect of ESWT: (1) anesthesia of the nerve fibers 
through biochemical changes and (2) reduced inflam-

mation in the soft tissues. It is believed that the release of 
angiogenesis-related growth factors of the mechanism of 
action in the soft tissues after shock wave accelerates the 
formation of new vessels and increases oxygenation in the 
environment, resulting in accelerated tissue recovery [12-
14].

This prospective double-blinded randomized trial in-
vestigated the effectiveness of ESWT in pillar pain relief 
and hand function improvement.

MATERIALS AND METHODS
1. Design and sample

The sample consisted of 60 patients admitted to an ortho-
pedic outpatient clinic. The inclusion criteria were (1) a 
visual analogue scale (VAS) score of ≥ 5, (2) pillar pain after 
CTRS, and (3) hyperemic and edematous scar tissue. All 
participants underwent open mini-invasive incision and 
transverse carpal ligament full release surgery performed 
by an orthopedist.

Pillar pain was diagnosed using three clinical tests: 
handgrip strength, a pressure test, and a table test. In the 
pressure test, one of the thumbs was used to apply about 
two kg of pressure to the thenar and hypothenar regions. 
In the table test, the patient put her hands on a table’s edg-
es and bore weight on hands [15-17]. The exclusion criteria 
were (1) sensory or motor neuropathy, (2) systemic inflam-
matory diseases, (3) a history of surgery other than CTRS 
or trauma/fracture in the hand and hand-wrist region, (4) 
local infections at the hand level, and (5) pregnancy. The 
study was approved by an ethics committee (Erzurum 

Ulnar cutaneous
branch of the
median nerve

Fig. 1. The ulnar cutaneous branch of the median nerve.
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BEAH KAEK number: 2021/02-20, date: 18.01.2021). In-
formed consent was obtained from patients who agreed to 
participate.

2. Allocation and intervention

Participants were allocated into two groups (experimental, 
n = 30; control, n = 30) using random allocation software 
(Fig. 2). Age, gender, the affected hand, duration of com-
plaints, and comorbid diseases were recorded.

The ESWT group received three sessions of ESWT (Storz 
Medical AG, Tägerwilen, Switzerland), one session per 
week (Fig. 3). Each ESWT session involved 2,000 pulses of 
the focus probe at 4-bar pressure and 5 Hz frequency. The 
probe was applied perpendicularly to the painful, tender, 
edematous, and hyperemic region between the thenar 
and hypothenar area to treat the deep scar tissue. The first 
session had a very low energy flow density (0.03 mJ/mm2), 
which was increased in each session depending on the pa-
tient’s tolerance. The control group received three sessions 
of sham ESWT, one session per week. The ESWT device 
involved sound, as if it was powered on while no energy 
was applied. All participants were prescribed paracetamol 
three times a day in case they had pain.

Pre- and post-treatment scores were assessed by an 
orthopedist blinded to the group assignment. The par-
ticipants were randomized into the groups by a physical 
medicine and rehabilitation specialist. ESWT programs 
were determined and then applied by an experienced 
physiotherapist.

3. Outcome measures

The pain was assessed using the VAS, while hand func-
tions were assessed using the Michigan hand outcomes 
questionnaire (MHQ) before treatment, and three weeks, 
three months, and six months after the treatment. The 
VAS is a measure of self-reported health status scored on a 
scale of “0 = no pain” to “10 = unbearable pain.”

The MHQ is a 57-item patient-reported outcome mea-
sure in hand surgery. The scale assesses six domains: over-
all hand function, activities of daily living, pain, work per-
formance, aesthetics, and satisfaction with hand function. 
Each item is scored on a scale of 1 to 5. A domain score 
ranges from 0 (worst) to 100 (best), with higher scores indi-
cating better hand function. However, the total score of a 
“pain domain” is reversed (“0 = best” to “100 = worst”), and 
therefore, a higher score in that domain indicates greater 
pain. The scoring method of the scale was determined by 
its developers [18]. The scale was adapted to Turkish by 
Öksüz et al. [19].

4. Statistical analysis

A power analysis was performed using G*Power (ver-
sion 3.1.9.4; University of Kiel, Kiel, Germany). The result 
showed that a sample size of 60 was large enough to detect 
between-group differences (power of 80%, α = 0.05, effect 
size = 0.65). The data were analyzed using the IBM SPSS 
Statistics for Windows, version 25.0 (IBM Co., Armonk, 
NY) at a significance level of 0.05. Between-group differ-
ences were analyzed using the Mann–Whitney U and Stu-
dent’s t-tests. The Wilcoxon signed-rank test was used to 
analyze participants’ pre- and post-treatment scores. The 

Assessed for eligibility
n = 72 patients

Randomized
n = 60 patients

Group 2

n = 30 patients
Received sham ESWT

Included in the analysis
(n = 30)

Group 1

n = 30 patients
Received ESWT

Excluded (n = 12 patients)
Did not meet inclusion

criteria (n = 9)
Declined to participate

(n = 3)

Included in the analysis
(n = 30)

Fig. 2. Flow chart of the study. ESWT: extracorporeal shock wave therapy.

Fig. 3. Application of focused extracorporeal shock wave therapy.
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qualitative data were analyzed using Pearson’s chi-square, 
Fisher’s exact, Fisher–Freeman–Halton, and Yates’ conti-
nuity correction tests. The descriptive data were analyzed 
using numbers (n) and percentages (%). A chi-square (χ2) 
test was used for numerical data. Logistic regression and 
correlation tests were performed.

RESULTS
The sample consisted of 60 patients (50 women, 10 men). 
The ESWT group (n = 30) received ESWT, whereas the 
control group (n = 30) received sham ESWT. Participants 
had a mean age of 51.8 ± 11.6 years (min: 20, max: 69) and a 
mean body mass index of 25.9 ± 3.7 (min: 20, max: 40). The 
time between when participants developed pillar pain and 
when they were first seen by healthcare professionals for 
treatment was 9.6 ± 10.0 months (min: 3, max: 60). Thirty-
eight patients (63.3%) had pillar pain in the right upper 
limb, whereas the remainder (36.7%) in the left upper limb. 
Thirty-eight patients (63.3%) had no comorbidity. The oth-
ers had diabetes mellitus (n = 11, 18.3%), hypothyroidism (n 

= 5, 8.3%), rheumatoid arthritis (n = 3, 5.0%), or both dia-
betes mellitus and hypothyroidism (n = 3, 5.0%) (Table 1).

Before the treatment, the ESWT and control groups had 
a mean VAS score of 6.8 ± 1.3 (min: 5, max: 10) and 6.7 ± 
1.0 (min: 5, max: 9), respectively. The results indicated no 
significant difference in VAS scores between the groups 
before the treatment (P = 0.757). Six months after the treat-
ment, the ESWT and control groups had a mean VAS score 
of 1.9 ± 0.9 (min: 1, max: 5) and 5.1 ± 1.0 (min: 4, max: 8), 
respectively. The results indicated a significant difference 
in VAS scores between the groups six months after the 
treatment (P < 0.001) (Table 2).

Before the treatment, the ESWT and control groups had 
a mean MHQ score of 54.4 ± 7.7 (min: 36.3, max: 67.0) and 
54.2 ± 7.1 (min: 43.3, max: 69.5), respectively. The results 
indicated no significant difference in MHQ scores between 
the groups before the treatment (P = 0.934). Six months 
after the treatment, the groups had a mean MHQ score of 
73.3 ± 6.8 (min: 52.7, max: 83.7) and 57.8 ± 4.4 (min: 47.7, 
max: 65.2), respectively. The results indicated a significant 
difference in MHQ scores between the groups six months 
after the treatment (P < 0.001) (Table 3).

DISCUSSION
CTS is a neuropathy that is usually treated surgically. Pil-
lar pain is one of the complications of CTRS, adversely 
affecting functional hand use, and thus, activities of daily 
living. Pillar pain should be treated because, otherwise, 
it would result in delayed recovery and delayed return to 
work. It can be treated with restricted hand use, splints, 

Table 1. Demographic and clinical data of the patients

Variable ESWT group Sham ESWT group Total

Gender
      Women 26 (86.7) 24 (80.0) 50 (83.3)
      Men 4 (13.3) 6 (20.0) 10 (16.7)
Lesion side
      Right 18 (60.0) 20 (66.7) 38 (63.3)
      Left 12 (40.0) 10 (33.3) 22 (36.7)
Co-morbid disease
      None 18 (60.0) 20 (66.7) 38 (63.3)
      DM 5 (16.7) 6 (20.0) 11 (18.3)
      Hypoth 2 (6.7) 3 (10.0) 5 (8.3)
      RA 2 (6.7) 1 (3.3) 3 (5.0)
      DM + Hypoth 3 (10.0) 0 3 (5.0)
Age (yr)   51.6 ± 11.6 (20-69) 52.0 ± 11.7 (34-65)   51.8 ± 11.6 (20-69)
Body mass index (kg/m2)     26.9 ± 4.8 (20-40)   25.0 ± 1.7 (23-32)     25.9 ± 3.7 (20-40)
Symptom duration (mo) 10.8 ± 12.1 (3-60)    8.4 ± 7.3 (3-40)   9.6 ± 10.0 (3-60)

Values are presented as number (%) or mean ± standard deviation (range).
ESWT: extracorporeal shock wave therapy, DM: diabetes mellitus, Hypoth: hypothyroidism, RA: rheumatoid arthritis. 

Table 2. Comparison of VAS scores between groups

VAS ESWT group Sham ESWT group P value

Baseline 6.8 ± 1.3 (5-10) 6.7 ± 1.0 (5-9) 0.757
3rd week 2.8 ± 1.1 (1-5) 6.1 ± 1.0 (5-8) < 0.001
3rd month 2.4 ± 0.9 (1-4) 5.8 ± 1.1 (4-8) < 0.001
6th month 1.9 ± 0.9 (1-5) 5.1 ± 1.0 (4-8) < 0.001

Values are presented as mean ± standard deviation (range).
VAS: visual analogue scale, ESWT: extracorporeal shock wave therapy. 
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symptomatic superficial hot/cold compression, or mas-
sage. However, there is a limited body of research on those 
treatment techniques [20]. Earlier studies have shown that 
ESWT reduces the cutaneous nerve fibers and inflamma-
tory cytokines, and increases the levels of nitric oxide and 
calcitonin gene-related peptide (a substance P-like neuro-
peptide) which is released from nociceptor type-C nerve 
fibers and causes inflammation due to vasodilation [21-23]. 
Our results show that ESWT is an effective method in the 
treatment of pillar pain.

Open, mini-open, and endoscopic methods are different 
types of transverse carpal ligament release surgery per-
formed to relieve the pressure on the median nerve to treat 
CTS. However, there is still an ongoing debate as to which 
one is the best method. Conventional open tunnel release 
involves an incision proximally extending to the flexor 
skin fold of the wrist, resulting in a full and safe release of 
the nerve. Incisions are more invasive than other surgi-
cal techniques, causing cosmetic concerns and wound 
site problems. However, the primary objective of CTRS is 
to eliminate complaints, not cosmetic concerns. Patients’ 
cosmetic concerns lead orthopedic surgeons to mini-open 
and endoscopic techniques to get the same result with 
smaller incisions. However, mini-open tunnel release 
makes surgeons feel unconfident as they try to release the 
tunnel without seeing it clearly, sometimes resulting in an 
inadequately released tunnel [24].

In this study, all of the participants were patients who 
experienced pillar pain after open surgery. Open surgery is 
a method with proven success. Open surgery rarely results 
in an inadequate release, but most open surgery patients 
suffer pillar pain in the postoperative period. Its cause is 
still under investigation, but there are some hypotheses 
in the literature. According to some studies, it is caused by 
skin incision, surgical experience and procedure, biome-
chanical changes in the carpal arch, and problems associ-
ated with flexor tendon pulley. Some researchers argue 
that cutting the ulnar cutaneous branch of the median 
nerve (an anatomical variant) is the cause of pillar pain 
(Fig. 1) [24].

Only two previous studies were conducted to determine 
the effectiveness of ESWT in the treatment of post-CTRS 

pillar pain. Romeo et al. [25] administered ESWT to 40 
patients with pillar pain, at least six months after CTRS 
surgery. The treatment consisted of three sessions (2,800 
beats) applied once a week. They reported a significant im-
provement in all patients four months after the treatment. 
The mean VAS score of the patients was 6.1 at the baseline 
which was after 0.4 four months. They also reported a 
significant reduction in redness and swelling in the sur-
gical scar tissue [25]. Similarly, we observed that ESWT 
treatment significantly reduced VAS scores in patients 
with pillar pain. The improvement we detected in pain 
levels twenty days after the treatment had been reported 
by Romeo et al. [25] forty days after treatment. This result 
suggests that ESWT is much more quick-acting than pre-
viously thought. Additionaly, the present study revealed 
that pain relief and hand functions continued to improve 
throughout a six month follow-up period. 

Haghighat et al. [26] also randomized 40 pillar pain 
patients into two groups (ESWT and control) and evalu-
ated them before, and one and three months after treat-
ment. The ESWT group had a mean VAS score of 5.9 before 
treatment, which came down to 1.8 three months after 
treatment. The control group had a mean VAS score of 6.1 
before sham treatment, which was 3.6 three months after 
sham treatment. The ESWT group had a mean MHQ score 
of 37.5 before treatment, which was 75.4 three months af-
ter treatment. The control group had a mean MHQ score 
of 40.7 before sham treatment, which rose to 63.7 three 
months after sham treatment. While there was a more 
significant decrease in VAS scores in the ESWT group, 
the researchers reported no significant difference in the 
increase in hand functions between the two groups, in 
contrast to our results [26]. We observed that the ESWT 
group had a more significant reduction in pain levels, and 
the improvement in hand functions was greater than the 
control group. After all, pain affects hand functions ad-
versely, and therefore, we think that ESWT, which has such 
an effect on pain, should have a significant effect on hand 
functions as well. Our results also showed that ESWT is a 
quick-acting and long-lasting treatment option in patients 
with pillar pain.

This study had five strengths: (1) a power analysis, (2) a 

Table 3. Comparison of MHQ scores between groups

MHQ ESWT group Sham ESWT group P value

Baseline 54.4 ± 7.7 (36.3-67.0) 54.2 ± 7.1 (43.3-69.5) 0.934
3rd week 62.3 ± 8.3 (47.0-75.0) 54.5 ± 5.7 (42.5-65.8) < 0.001
3rd month 68.2 ± 6.9 (49.7-77.8) 56.8 ± 5.2 (46.2-66.7) < 0.001
6th month 73.3 ± 6.8 (52.7-83.7) 57.8 ± 4.4 (47.7-65.2) < 0.001

Values are presented as mean ± standard deviation (range).
MHQ: Michigan hand outcomes questionnaire, ESWT: extracorporeal shock wave therapy. 
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control group, (3) a large sample size, (4) a double-blinded 
randomized design, and (5) follow-ups three weeks, and 
three and six months after treatment. We think that this 
study contributes to the literature as it is the first to assess 
the long-term effectiveness of ESWT on pillar pain, for the 
treatment of which there is little data available.

CTS, and hence, CTRS are common. The right surgical 
techniques and postop care management are critical for 
clinicians. Therefore, future studies should recruit larger 
samples to better understand the etiology of pillar pain 
and the effectiveness of ESWT in its management. Pillar 
pain is a common complication of CTRS. This prospective 
double-blinded randomized trial investigated the effec-
tiveness of ESWT in pillar pain and hand functions. The 
results show that ESWT helps reduce pillar pain and im-
prove hand functions. It is a safe and non-invasive method 
that can be used to treat pillar pain, which is a dreaded 
postoperative complication for patients and surgeons.
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