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Abstract—‘‘Pillar pain’’ is a relatively frequent complication after surgical release of the median nerve at the
wrist. Its etiology still remains unknown although several studies highlight a neurogenic inflammation as a possible
cause. Pillar pain treatment usually includes rest, bracing and physiotherapy, although a significant number of
patients still complain of painful symptoms two or even three years after surgery. The aim of this study was to
investigate the efficacy of low-energy, flux density–focused extracorporeal shock wave therapy (ESWT) in the
treatment of pillar pain. We treated 40 consecutive patients with ESWTwho had pillar pain for at least six months
after carpal tunnel release surgery, and to our knowledge, this is the first study that describes the use of ESWT for
treating this condition. Our results show that in all of the treated patients, there was a marked improvement:
the mean visual analogue scale (VAS) score decreased from 6.18 (±1.02) to 0.44 (±0.63) 120 d after treatment,
and redness and swelling of the surgical scar had also decreased significantly. (E-mail: valerio.sansone@unimi.
it) � 2011 World Federation for Ultrasound in Medicine & Biology.
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INTRODUCTION

Open surgical release of the transverse carpal ligament
for treatment of carpal tunnel syndrome (CTS) is an
highly successful procedure. Nevertheless, it can be asso-
ciated with persistent postoperative deep-seated ache or
pain referred to the thenar or hypothenar eminences,
with scar tenderness, swelling and redness, which have
been variously described as ‘‘pillar pain’’ (PP) or ‘‘scar
discomfort’’ (Da Silva et al. 1996; Ludlow et al. 1997;
Boya et al. 2008). Because of the variety of terms used
to describe this painful condition, its prevalence is
difficult to ascertain, varying from 19–61%, according
to different authors (Ahcan et al. 2002; Akhtar et al.
2007). The etiology is uncertain, although in the litera-
ture, many possible causes have been invoked such as
surgical factors (Trumble et al. 2002; Povlsen et al.
1997), ligamentous and muscular conditions (Hunter
1991), biomechanical imbalance (Brooks et al. 2003)
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and neurogenic inflammation (Monacelli et al. 2008;
van de Beek et al. 2002).

Extracorporeal shockwave therapy (ESWT) has
been successfully used in the treatment of several painful
inflammatory soft tissue conditions (Ogden et al. 2001;
Wang 2003). Experimental studies have shown that low
energy flux density (EFD) levels (0.03 mJ/mm2) of
shockwaves are able to induce a significant increase in
nitric oxide (NO) and a decrease in pro-inflammatory
substances such as nuclear factor–kappa B (NF-kB)
(Mariotto et al. 2005). In other experimental studies,
a reduction of the number of cutaneous nerve fibers and
the immunoreactivity to the calcitonin gene–related
peptide (CGRP) has been observed in mice treated with
low EFD (0.08 mJ/mm2) shockwaves (Ohtori et al.
2001). This reduction in CGRP was also observed in
dorsal root ganglion neurons of mice (Takahashi et al.
2003). CGRP is a neuropeptide similar to substance P
that is released by the nociceptor type C nerve fibers
and is able to induce vasodilation and neurogenic inflam-
mation (Herbert and Holzer 2002). Low EFD levels (0.03
mJ/mm2) were shown to not produce microcellular
damage (Steinbach et al. 1993), whereas negative effects
on cell permeability were observed with relatively high
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EFD level shockwaves (0.12 mJ/mm2; Steinbach et al.
1992). On the basis of these experimental observations,
we hypothesized a therapeutic effect of low EFD level
shockwaves on the neurogenic inflammation, which is sus-
pected to be behind PP (Monacelli et al. 2008). The energy
level of 0.03 mJ/mm2 was chosen because it was the lowest
energy setting available on our lithotripter. We decided to
increase the number of shots to counterbalance the low
energy level, a decision reinforced by the positive experi-
ence of other studies, which report a similar number of
shocks (Rompe et al. 1996; Khon and Seil 2000). The
aim of this study was to verify the efficacy of low EFD
shockwaves in treating PP.
MATERIALS AND METHODS

Forty consecutive patients (37 females, 3 males;
mean age 51 y) who had PP after median nerve release
for CTS were enrolled for ESWT. Informed consent was
obtained and the study was approved by the ethics
committee at the hospital. All patients received the same
surgical treatment through an open mini-invasive incision
at the palmar crease of the wrist, followed by a complete
release of the transverse carpal ligament (Fig. 1). The
surgery was performed by a single surgeon. The average
time after surgery was 223 d (min 178, max 284).

A diagnosis of PP was made on the basis of the
results of three clinical tests performed by a single eval-
uator for all patients: hand grip (Yung et al. 2005), appli-
cation of direct pressure on the thenar and hypothenar
regions (Wilson 1994) and the so-called ‘‘table test’’
(Boya et al. 2008), where the patient places their hands
on the edge of a table, leaning their weight on their hands.
Fig. 1. (a) Patients report pain and swelling especially in the
transverse carpa
Inclusion criteria were persistent palmar pain for at least
three months after surgery; visual analogue score (VAS)
$5 points (rating scale where 0 5 absence of pain
and10 5 severe pain); scar reddening; and local edema.
The levels of scar redness and edema were classified as
follows: 0 (absent), 1 (mild), 2 (moderate) and 3 (severe).
Patients who had an infection at the site of treatment were
excluded from the study.

VAS, scar redness and edema grading were clini-
cally evaluated by a single evaluator pre-treatment at
(T0) and post treatment at 40 d (T1) and 120 d (T2).
The patients underwent three treatments of ESWT, per-
formed at weekly intervals using an electromagnetic
device (MODULITH, SLK, Storz Medical, T€agerwilen,
Switzerland), with an average of 2800 shocks at very
low EFD of 0.03 mJ/mm2. The pulse repetition frequency
was 4 Hz. At EFD of 0.03 mJ/mm2, the focal volume
dimensions of the acoustic pulse were 6.5 mm (fx and
fy) and 75 mm (fz), whereas the peak positive pressure
was 6.4 MPa and the negative pressure was 23.4 MPa.
At 26 dB focus, the positive energy generated was
3.9 mJ, and the total energy was 5.8 mJ. The shockwave
probe was placed directly on the area of subcutaneous
swelling and skin redness, or otherwise if no redness or
edema were present, in the area between the thenar and
hypothenar eminences. The impulses were focused super-
ficially under sonographic control because the aim of the
therapy was to treat the deep scar tissue.

Before undergoing ESWT (at time T0) all patients
were submitted to magnetic resonance (MR) examina-
tion. Edema in the deep granulation tissue at the site of
the transverse carpal ligament section was considered
evidence of an abnormal development of the scar tissue
interthenar area. (b) Small unmyelinated fibers of the
l ligament.



Fig. 2. NMR sagittal fat-suppressed F1 sequences. Edema in
the deeper granulation tissue, at the site of transverse carpal

ligament section.
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(Fig. 2). Post-ESWT, MR assessments were available for
four of the 40 patients, and these patients underwent addi-
tional MR scans at T1 and T2.

Statistical analysis of the results was performed to
calculate mean values and standard deviation (SD) for
the three variables (VAS, scar redness and edema), and
the paired Student’s t-test was used to analyze the differ-
ence of mean values and SD between the periods.
RESULTS

Our results showed a marked improvement in the
individual scores of all patients at each follow-up time
(see Table 1). At T2 (120 d post treatment), 60% of
patients had no pain (i.e., VAS score 0) and of the remain-
ing 40%, no patient had a VAS score .2. At T2, 83% of
patients had no skin redness and 100% had no edema.

The statistical analysis showed a significant differ-
ence in mean values (p , 0.001) regarding pain and
scar redness between the T0 and T1 follow-ups, and
between T1 and T2. Statistical analysis of the edema
grades could only be performed for time periods T0 and
T1, because by T2, the values were 0, but again, there
Table 1. Interval scores for pain

Measurement T0 (pre treatment)

VAS (pain) 6.18 6 1.02 (Min. 4–Max. 8)
Skin redness 1.45 6 0.75 (Min. 0–Max. 3)
Edema 1.38 6 0.59 (Min. 0–Max. 2)

The values are given as the mean and standard deviation with the range in p
was a significant reduction in values between T0 and
T1 (p , 0.001).

We observed a positive correlation between pretreat-
ment clinical findings and the inflammatory pattern of the
MR images. MR examinations before treatment showed
edema in the deep granulation tissue at the site of trans-
verse carpal ligament in 36 patients (90%). The MR find-
ings were not significant in the remaining four patients
(10%), and these patients also had the lowest scores for
pain, redness and scar edema. Other MR findings showed
mild perineural edema in six patients (15%) and bone
marrow edema of the carpal bones in two patients (5%).

The MR findings of the subgroup of four patients
who underwent the additional MR follow-up showed an
almost total disappearance of the inflammatory pattern
imaging of edema in the deep scar tissue at T1 (1 mo
post treatment). No local or general side effects were
recorded during treatment or in the follow-up period.
DISCUSSION

Although open surgical treatment for CTS is nor-
mally successful (Gerritsen et al. 2001), a significant
number of patients can develop postoperative PP. There
is no agreement concerning the causes of this kind of
scar discomfort, which occurs after surgical decompres-
sion of the median nerve in CTS. There are various
hypotheses presented in the literature ranging from
surgical causes, such as the skin incision, type of proce-
dure (open or endoscopic), technical practice and
surgeon’s experience, to ligamentous and muscular
causes. Biomechanical changes of the carpal arch width
and of the flexor tendon pulley system have also been re-
ported. Furthermore, recent studies hypothesize that the
painful scar could be considered an expression of a reflex
sympathetic dystrophy (van de Beek et al. 2002) owing to
‘‘neurogenic inflammation’’ (Monacelli et al. 2008),
which probably includes different conditions character-
ized by a similar response to damage to nervous struc-
tures. According to some authors (Brooks et al. 2003;
Biyani et al. 1996; Tomaino and Plakseychuk 1998;
Wheatly et al. 1996), one mechanism could be the
straining of the cutaneous nerve branches, caused by
the incision of the ‘‘critical pillar rectangle’’ (Wilson
1994) or by the cutting of the small unmyelinated C nerve
fiber in the superficial layer of the carpal ligament
, skin redness and edema

T1 (40 d post treatment) T2 (120 d post treatment)

2.52 6 1.07 (0–4.5) 0.44 6 0.63 (0–2)
0.75 6 0.49 (0–2) 0.18 6 0.3 (0–1)
0.58 6 0.5 (0–1) 0

arentheses.



4 Ultrasound in Medicine and Biology Volume -, Number -, 2011
(Da Silva et al. 1996). Other studies attribute a role to the
entrapment of the sprouting nerve endings within the
fibrous tissue of the scar (Biyani et al. 1996). Subjective
and objective features seem to support the hypothesis of
a neurogenic origin of PP in the context of a nonphy-
siological wound healing course. Wound healing is a
complex process with specific cell–matrix interactions.
Neuropeptides, released from the injured nerves, mediate
the so-called ‘‘neurogenic inflammation phase,’’ inducing
vasodilatation mediated by cyclic-GMP and by endothelial
NO (Karabucak et al. 2005). It has been shown that
NO modulates cytokines and induces wound contraction
in scar remodelling (Cobbold 2001). Inadequate NO
substrate, or reduced NO substrate availability, appears to
induce defective wound repair as in the case of hyper-
trophic scars (Peters et al. 2006; Schwentker and
Billiar 2003). In these samples, a greater density of
neuropeptides and nociceptive fibers has been observed
when compared with normal scars (Crowe et al. 1994;
Parkhouse et al. 1992). Cheloids and hypertrophic scars,
which have an excess of collagen fibers and microvessels,
may be considered a model of neurogenic inflammation.

An increase of neuropeptides, such as substance P,
CGRP and also VEGF, EGF, TGFb1 and NGF, has been
observed in both epidermis and dermis as a reaction of
the sensory fibers to mechanical stress. According to
some authors (Akaishi et al. 2008; Chin et al. 2009),
the pathogenesis of neurogenic inflammation first
involves the antidromic release of neuropeptides from
sensory fiber endings. Neuropeptides may act as
a chemo-attractive agent for Langherans cells, mast cells,
endothelial cells, fibroblasts and immune cells (Chin et al.
2009; Lai et al. 2003). Also they influence antigen
presentation, sensory neurotransmission, mast cell
degradation, vasodilatation and vascular permeability,
which collectively can cause neurogenic inflammation
(Chin et al. 2009). This would justify the erythema, the
edema and the hyperthermia of the skin. Recent studies
highlight that persistent compression of a nerve, as in
the case of CTS, causes a steady neuronal depolarization
and consequently an irregular release of neuropeptides.
The additional trauma of surgery would heighten the
peripheral neurogenic inflammation (Monacelli et al.
2008). The severing of the C–nerve fibers in the superfi-
cial layer of the transverse carpal ligament could cause
an up-regulation of neuropeptides (CRGP-SP) and
a self-perpetuating, neurogenic inflammation, which in
turn is responsible for a hypertrophic, immature and pain-
ful scar. One can observe that, although the surgical inci-
sion is situated at the palmar crease of the wrist, pain and
swelling are found most commonly at the interthenar
area, exactly where the surgeon cut the transverse carpal
ligament (Fig. 1). This observation compares favorably
with the findings of our study: the patients who showed
an inflammatory pattern in their MR scans with edema
in the deeper granulation tissue at the site of transverse
carpal ligament also showed the highest clinical scores
for pain, redness and scar edema before treatment.

Shockwaves have been shown to be an effective
method of treating both acute and chronic soft tissue pain-
ful inflammations (Ogden et al. 2001; Wang 2003). Even
if their mechanism of action is still being studied and is not
yet completely understood, acoustic stimulation of living
tissues seems to influence the complex NO pathway. This
matrix–cell interaction, based on mechanotransduction,
exerts an angiogenic and trophic effect and is able to
modulate inflammation (Mariotto et al. 2005). In partic-
ular, the biphasic effect of the shockwaves (i.e., the posi-
tive peak pressure followed by the negative cavitational
effect) would induce structural modifications of the cell
membrane. This implies the activation of free radicals
and cytoplasmatic messengers. The outcome of these
endocellular reactions, which are dose-dependent, is the
production of several bioactive moleculae such as neoan-
giogenic factors (VEGF, eNOS) and cell proliferation
factors (proliferating cell nuclear antigen).

NO may exert either an excitatory or an inhibitory
effect on neuronal transmission (Riedel and Neeck
2001). On this basis, we considered the use of ESWT
for treating PP. The standard therapy of scar discomfort
after transverse carpal ligament release includes physio-
therapy, bracing and rehabilitation, but results are incon-
clusive and pain is still relevant even several years after
surgery. Povlsen et al. (1997) found PP in 41% of patients
at one month, 25% at three months, 6% at 12 months and
6% at 36 months. Boya et al. (2008) reported that at
20.2 months’ follow-up, .12.7% of patients still had
PP. In our study, at 120 d after treatment, no patient had
a VAS score.2 and 100% had no edema. The total disap-
pearance of edema may be related to the mechanical
effect of shockwaves on the extracellular matrix. The
effects of shockwaves continue over an extended period
of time after their application. Therefore, the continued
presence of skin redness and subjective pain at 120 d
could be connected to the level of neuropeptides, which,
although low, would reduce further over time. Recently,
a different treatment has been proposed, consisting of
a series of at least six cutaneous and subcutaneous injec-
tions of mepivacaine 2%, twice weekly for three weeks
(Monacelli et al. 2008). Six weeks after treatment, scar
discomfort was still present in 25% of patients, and in
6.5% of patients after 18 weeks. Although it is difficult to
compare our data with the aforementioned study because
we used different evaluation criteria, our findings demon-
strate a faster recovery from symptoms, with the additional
benefit in this case that ESWT is a noninvasive treatment.

Statistical analysis revealed a highly significant
improvement of VAS, edema and scar redness, not only
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from pretreatment to final follow-up at T2, but also at the
interim follow-up at 40 d (T1). There is controversy
regarding the validity of the VAS scale, because absolute
pain levels and changes in pain level over time are by
nature subjective. However, it still remains the most
widely adopted and validated system for evaluating
chronic pain. Patients with PP often have difficulty
describing precisely the painful symptoms, and therefore
the VAS test with its simple linear scale was the best tool
available to measure and compare the pain. Our findings
would have had greater validity if a control group had
been included in this study to highlight the speed of
recovery after ESWT. However, looking at the literature
and in our experience, conventional conservative treat-
ment (e.g., splinting, ultrasound, iontophoresis, laser
therapy, etc.) usually gives inconclusive results and
requires considerable time to evaluate the healing
(Ludlow et al. 1997).
CONCLUSIONS

Our results seem to confirm the role of neurogenic
inflammation in PP consequent to open carpal tunnel
release. Even if PP resolves spontaneously, in many cases
this may occur only after years rather than months,
substantially reducing patient satisfaction with the orig-
inal surgical treatment. In our study, ESWT proved to
be a valid, safe and noninvasive tool that significantly
reduced the recovery time from symptoms. However, it
must be noted that this, although prospective, is a prelim-
inary and noncontrolled study. Therefore, further studies
are required to validate our findings.
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