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ARTICLE INFO ABSTRACT

Objective: To determine if the perceived pain intensity during the application of shock waves (SWs) is a de-
terminant mechanism in producing hypoalgesic changes in pressure pain thresholds (PPTs) in asymptomatic
individuals.

Design: A randomised, single-blind controlled trial [NCT03455933].

Setting: University.

Participants: Sixty-three asymptomatic individuals.

Interventions: Participants were randomised into three groups: 1-SWs causing mild pain (SW-DP); 2-SWs gen-
erating moderate pain (SW-MP); and 3-cold pressor test (CPT).

Main outcome measurements: Before and after the intervention, the PPT was evaluated bilaterally at the following
points: lateral epicondyle, median nerve in the flexure of the elbow, and tibia.

Results: The results showed differences between various groups over time for all PPTs assessments, due to the
existence of statistically significant differences in the interaction group x times (dominant arm lateral epicondyle
[P < 0.001; r]zp = 0.255]; dominant arm median nerve [P = 0.001; nzp = 0.212]; nondominant arm lateral
epicondyle [P < 0.001; n’p = 0.275]; nondominant arm median nerve [P < 0.001; n’p = 0.268]; tibia
[P = 0.012, n?p = 0.138]). The SW-MP group obtained a significant increase in all the PPT evaluations com-
pared with the SW-DP group (d > 0.80). The CPT group only showed significantly higher results, and of high
magnitude (d > 0.80), regarding the SW-DP group for the PPT evaluation in the dominant member. The SW-MP
group showed differences compared with the CPT only for the PPT obtained in the nondominant arm.
Conclusions: The findings show that SW treatment generates a hypoalgesic effect on the application point, with
moderate pain. Further studies are necessary in order to link these hypoalgesic changes to the activation of the
descending inhibitory systems.
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1. Introduction

Extracorporeal shock waves (SWs) are longitudinal acoustic waves
that may be propagated through water or soft tissues without losing a
significant amount of their power." Currently, two types of SWs are
known, and they mainly differ in the scope of their effect at the tissue
level: 1) radial waves (surface effect); and 2) focal waves (deep effect).”
Regarding the treatment of musculoskeletal pathologies through SWs,
the evidence shows that the results under radial SWs application are
similar to those obtained with focal SWs.?"® However, in the specific
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case of lateral epicondylagias, it is common to use radial SWs due to
their greater convenience of application and their extension across the
area of treated tissue.””®

The effectiveness of SW therapy for the treatment of tendinopathies
is controversial, although it could currently be considered a reasonable
option in the absence of more conclusive literature.”'* According to
some studies, SWs are at least as effective as infiltrations and/or surgery
for pain reduction and tendon recovery; thus, they could be an alter-
native to these interventions because it is a non-invasive treatment with
lower risks."?"'* In fact, the literature supports the use of SWs, given
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there is no evidence of the presence of secondary effects with its use if
the contraindications for this technique are taken into account.'®'®

The biological effect of SWs is hypothesised to be due to mechan-
otransduction effets, a phenomenon in which the mechanical action of
ultrasonic vibrations on tissues leads to their regeneration and
healing.'®'® Currently, there are two main hypotheses regarding the
probable analgesic effects produced by the treatment with SWs:'? 1)
SWs degenerate nerve fibres originating in small immunoreactive
neurons, decreasing the concentration of pro-inflammatory mediators;
2) the second hypothesis is the theory of analgesia by hyperstimulation,
which suggests that the application of SWs generates the release of
endorphins and other analgesic substances by activating the descending
inhibitory system. However, it is currently unknown precisely what
mechanisms are responsible for the analgesic effect of SWs (2), which
has been demonstrated by the evaluation of measures such as threshold
to pressure and pain intensity, among others.*?*

Conditioned pain modulation is an experimental paradigm that
examines the state of the descending inhibitory system function.?*** In
a standard nociceptive system, the amount of pain experienced by a
primary nociceptive stimulus will be reduced during/after the pre-
sentation of a second nociceptive stimulus due to the activation of en-
dogenous analgesia.>® Therefore, taking into account that the analgesic
effect of SWs is more significant when the maximum energy density
tolerable by the patient is applied,?® we could suggest that the analgesic
effect may be mainly due to activation of the descending inhibitory
system.

Thus, we hypothesized that higher perceived pain intensity during
SW stimuli may produce greater hypoalgesic effects in pressure pain
thresholds (PPTs) of asymptomatic individuals. Indeed, the objective of
this study was to assess whether the pain intensity perceived during the
application of SWs was determinant in producing hypoalgesic changes
in PPTs in asymptomatic individuals. In addition, we analysed whether
a nociceptive stimulus of similar pain intensity, such as in the appli-
cation of SWs with moderate pain, was equally effective in increasing
the PPT, which could suggest that the analgesic mechanism underlying
the technique could be the activation of the descending inhibitory
system.

2. Methods
2.1. Study design

A single-blind, randomised controlled trial was performed, con-
sisting of a total of three groups. The study was approved by the
Research Ethics Committee of the La Salle University Studies Centre in
Madrid, was developed according to the criteria established in the
CONSORT statement,*® and was registered in the United States Clinical
Trials Registry (registration number: NCT03455933).

An independent researcher carried out a randomised assignment of
the participants to the groups using the GraphPad Software (GraphPad
Software Inc., La Jolla, CA, USA). In addition, the evaluator was con-
tinuously blinded to the intervention group received by each partici-
pant. In order to guarantee the blindness of the evaluator, the in-
vestigator who administered the intervention asked for the participants
to avoid comments about the study. On the other hand, participants
were not blinded, due to the difficulty to include a placebo in this type
of intervention.

2.2. Participants

The participants were recruited from the university campus through
posters and social media during May 2018. All individuals interested in
participating in the study had to read and sign the study’s informed
consent document. Of these, all asymptomatic men and women (ab-
sence of pain or illness) between 18 and 40 years of age (early adult-
hood), without cognitive alterations and with fluency in both written

333

Complementary Therapies in Medicine 42 (2019) 332-339

and spoken Spanish, were included.

Excluded from the study were individuals who presented systemic
diseases, tumours, infections, pacemakers, pregnancy, coagulation dis-
orders, skeletal immaturity, fibromyalgia, history of whiplash, dizzi-
ness, or those who were receiving some sort of physiotherapeutic,
pharmacological, or any other treatment. In addition, those participants
who received SWs and did not reach the intensity of pain corresponding
to their group with an energy equal to or less than 0.3 mJ/mm? (2 bar),
were also excluded. This last criterion was determined based on pre-
vious literature that established that intensities greater than 0.3 mJ/
mm? (2bar) could produce vascular damage.?’>° Furthermore, pre-
vious experience with SW therapy clinically was considered an exclu-
sion criterion. Considering our research, three subjects were not en-
rolled into the study based on the following exclusion criteria: two of
them were under physiotherapy treatment for low back pain and knee
pain, and the other one had whiplash history.

2.3. Interventions

All the participants, regardless of the group to which they had been
assigned, received a single treatment session. With the intention of
avoiding possible confounding factors, all the interventions were ap-
plied to the dominant superior member of the participant. All the
participants were informed that they could terminate the intervention
at any time if they felt uncomfortable or for any other reason. Below is a
detailed description of each of the interventions applied in this study.

2.3.1. Shock waves-mild pain (SW-DP)

This group was considered the control group. The administration of
this intervention was performed using a portable SW device (SHOCK-
MASTER 300, Helios Medical, Madrid, Spain). According to the criteria
recommended in systematic reviews for an optimal application of
SWs,*!3? a total of 2000 impulses were applied with a frequency of
8 Hz on the lateral epicondyle. The intensity selection was dependent
on the severity of pain perceived by the participant. Specifically, the
intensity of energy was progressively increased until the participant
perceived a pain score from 1.5 to 2 on the Visual Analogue Scale
(VAS); approximately 5-10 impulses were applied to each participant.
It should be noted that the impulses were applied starting with an in-
tensity of half energy (1 bar according to the Rompe classification,****
which increased until reaching the mentioned objective or reaching
2bar [high energy]®*>?).

After 5 min of identifying the appropriate energy intensity for each
participant, application of the SWs was begun, with the previously
determined intensity. During the application of the 2000 impulses, it
was necessary for the participant to reach a score of 3/10 on the VAS. In
addition, a maximum of two pauses (30s each) was allowed if the
participant reached this pain intensity, to avoid the perception of a
higher pain intensity than the one pre-established for the intervention
group.

2.3.2. Shock waves-moderate pain (SW-MP)

The participants assigned to this group received a protocol identical
to the SW-DP group. The only difference was that the intensity of en-
ergy was established with the purpose of reaching a pain scale of 6/10
on the VAS. For this, the intensity of energy was calculated by in-
creasing it until the patient perceived a pain ranging from 4.5 to 5 on
the VAS. Indeed, considering the temporal summation of pain, the in-
tensity for SWs application was selected obtaining a VAS score slightly
lower than that established for each group. Thus, the pain intensity
corresponding to each group would be reached without having to stop
more than 2 times to apply the 2000 impulses.

2.3.3. Conditioned pain modulation (CPT)
This group received the application of the cold pressor test (CPT).
For this, the participants were asked to submerge their dominant hand,
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held completely open up to the wrist, inside a container full of water at
a temperature of 1°C, which was maintained with ice. It should be
noted that the container was separated into two different compartments
using a plastic mesh to avoid direct contact of the ice with the parti-
cipant’s hand.?* According to the literature, the maximum duration of
this test should not exceed 2 min.>* Therefore, the test was terminated
upon reaching 2 min of immersion or when the patient reached a score
of 6/10 on the VAS.

Considering all interventions, the application time varied slightly
between participants depending on the number of pauses (a maximum
of two pauses with 30 s for each pause), due to the intensity of pain for
each group had been reached, however, in general the average time of
the application was 4-5 min. The appropriate intensity calculation was
performed before the intervention started by the application of 5-10
impulses. After 5min of the intensity application identification, the
respective intervention was then applied. Taking to account that only
5-10 impulses were applied with 5 min of rest, the authors considered
that the conditions at the beginning of the intervention were similar. In
addition, the activation of the descending inhibitory system during the
procedure of the intensity selection should be similar to the obtained in
this group due to the stimulus was based on the pain intensity for the
corresponding group (mild or moderate). Thus, the CPM would con-
tinue to be assessed for pain intensity mild or moderate. The duration of
the 2000 impulses application ranged 4-5 min depending on the pos-
sible breaks performed (maximum of two pauses of 30s). Finally, the
pain stimuli, despite being of equal intensity, was maintained over
more time during the application of SWs (4-5min approximately)
compared to the application of CPT application (maximum 2 min). This
aspect could be explained by the slight hypoalgesic superiority showed
by the SW-MP group with respect to CPT group, based on a hypothe-
tically higher activation of the descending inhibitory system.

2.4. Variables

2.4.1. Primary outcome: pain pressure thresholds

A digital algometer (FDX 25, Wagner Instruments, Greenwich, CT,
USA) was used to measure PPTs by an experienced physical therapist
(with more than 6 years of experience in musculoskeletal assess-
ments).>” This instrument contains a circular platform of 1 cm? through
which a perpendicular pressure is progressively applied to the skin (at a
velocity rate of 1kg/s).>® Before beginning the study, a prior PPT as-
sessment training was performed in order to ensure an equal rate in
pressure increase. The participant was asked to indicate the moment at
which the pressure stimulus became painful. Then, the maximum score
(kg/cm?) marked at this moment was used for the analysis data as the
highest PPT value that remained in the display. In each anatomical
location three measurements were made, each spaced by 1 min of rest,
using an average of three for the data analysis, the latter being ex-
pressed in kg/cm2°°°® The reliability of this instrument has been
widely demonstrated (intraclass correlation coefficient [ICC]: 0.91;
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minimum detectable change: 0.54 kg/cm?).*°

2.4.2. Secondary outcomes: control variables

Kinesiophobia and catastrophism were evaluated to control the
possible influence of psychological factors on hypoalgesic changes, due
to these outcomes may alter the results of the PPT and the ability to
modulate pain.***' Both psychological constructs were evaluated using
the following scales, which are validated in Spanish and have accep-
table psychometric properties: 1) the abbreviated version of the Tampa
Scale of Kinesiophobia (TSK-11);** 2) the Pain Catastrophizing Scale
(PCS);** and 3) The Hospital Anxiety and Depression Scale (HADS).**

2.4.3. Secondary outcomes: self-report variable

The VAS was used to measure the patient’s pain intensity. This scale
consists of a 10-cm horizontal straight line, whose limits correspond
with the “absence of pain” and the “worst pain imaginable.” In this
investigation, the patient was asked to indicate on the line the point
that best described his pain at the time of evaluation. A value lower
than 4 in the VAS means mild or mild-moderate pain, a value between 4
and 6 implies the presence of moderate-severe pain, and a value greater
than 6 implies the presence of a very intense pain.”> The VAS has
proven to be a reliable instrument in the evaluation of acute pain
(ICC = 0.97).%° Pain intensity was obtained by the VAS. The participant
was blinded and not allowed to observe the scale numeric data value.
The assessor showed the scale to the participant during the SW appli-
cation (both for calculating the pain intensity selection and assessing
the pain intensity during the intervention). The participant should in-
dicate his/her pain intensity by moving the marker through the 10-cm
horizontal straight line. Thus, The pain intensity was continuous as-
sessed throughout the SW application, whereas the participant was
blinded to the VAS numeric data value.

2.5. Procedure

Before beginning the study, the evaluators received specific training
on the measurement protocols so that the assessments would present
the minimum possible error. The therapists were trained in the appli-
cation of the various interventions included in this study.

Once the participants consented in writing to their inclusion in the
study, they were randomly assigned to the various intervention groups.
Immediately afterwards, the participants went to an independent room,
where participants self-reported the TSK-11, PCS, and HADS scales for
their proper completion, and then the PPTs evaluation were performed
in different locations. Specifically, the PPT was evaluated bilaterally in
(1) the lateral epicondyle (Fig. 1); (2) the median nerve path at the level
of the elbow (Fig. 2); and (3) in the tibialis anterior muscle (Fig. 3).

After the initial evaluation, the therapist directed the participants to
the treatment room to apply the designated intervention. Finally, 5 min
after the intervention, the PPT was re-evaluated in the same way as the
pre-intervention measurement.

Fig. 1. Insertions of the extensor muscles of the elbow at the level of the lateral epicondyle.
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Fig. 2. Point of the path of the median nerve at the level of the elbow.

2.6. Sample size

The sample size was calculated with the G * Power 3.1.7 program
for Windows (G * Power © by the University of Dusseldorf, Germany).
With the intention of detecting differences between groups in the PPTs,
an analysis of variance (ANOVA) of repeated measures, focused on the
interaction group x time, was used as a statistical test. To our knowl-
edge, there were not previous investigations similar to the present
study; thus, the effect size was determined through a pilot study. Based
on the results of this pilot study (30 participants, 10 per group), the
tibia pressure was chosen for the size of the effect obtained for the pain
threshold, given it was the least significant. Thus, with a moderate ef-
fect size (f = 0.25), a power of 90%, and accepting an alpha error of
5%, it was determined that at least 18 participants were required per
group. Finally, we increased the sample size by 10% due to possible
losses or dropouts during the intervention; therefore, the final size per
group was 20 participants (60 participants in total).

2.7. Data analysis

The data analysis was performed using the statistical software SPSS
(Statistical Package for the Social Sciences 21, SPSS Inc., Chicago, IL,
USA). The Shapiro-Wilk test showed that most of the variables had a
normal distribution. Although not all the variables fulfilled normality,
we opted for a parametric analysis based on the following factors: 1) the
Q-Q plot showed a linear relationship; 2) all variables showed homo-
geneity of variances according to Levene’s test; 3) the parametric ana-
lysis showed practically identical results to those of the nonparametric
analysis, the results obtained with the parametric analysis being more
conservative; and 4) parametric tests have greater power and allow a

better interpretation of the results.

The continuous variables were presented as mean = standard de-
viation (SD), whereas the categorical variables were presented as ab-
solute values. A one-way ANOVA was used to detect differences be-
tween groups in the anthropometric data and in the confounding
variables (catastrophizing, kinesiophobia, anxiety, and depression). For
the sex variable, the differences between groups were evaluated by the
chi-squared test. In addition, the group x side interaction was evaluated
for PPTs, observing an absence of differences for the side factor in all
groups. However, we only unified the values obtained in the tibia be-
cause we considered it important not to merge the data of the upper
limb, where the different interventions were applied, with those of the
contralateral limb. Hence, the PPT variable for the tibia was created
using an average.

Repeated measures ANOVA models were used to analyse the data of
the PPT, the hypothesis of interest being the interaction group x time.
Indeed, time (pre and post-intervention), group (SW-DP, SW-MP, and
CPT), and time x group interaction analyses were carried out for PPT
assessments. The effect size of the repeated measures ANOVA was
calculated according to the coefficient of the partial eta-squared (n°p),
which allowed classifying the effect size as small (0.01-0.059), medium
(0.06-0.139), or large (> 0.14)."” Multiple comparisons between
groups (SW-DP, SW-MP, and CPT) were performed for the intergroup
difference of means of change between groups by applying the Bon-
ferroni correction. Cohen’s d was used as a measure of the effect size for
multiple comparison tests, considering small values ranging from
0.2-0.49, moderate values ranging from 0.5-0.79, and large values
greater than or equal to 0.8.%° All statistical tests were interpreted using
a significance level of 5%.

Fig. 3. Point in the muscular belly of the tibialis anterior.
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Table 1
Clinical and anthropometric variables between both groups.
SW-DP SW-MP CPT P value

N 22 21 20
Age (years) 22.64 + 1.89 22.81 = 1.6 23.45 = 3.17 0.493
Women:men 10:12 13:8 10:10 0,540'
Height (cm) 170.5 = 7.76 173 = 8.07 171.6 = 11.2  0.657
Weight (kg) 62.05 + 11.98 65.86 + 12.3 67.2 = 13.11 0.381
Kinesiofobia 18.36 = 3.66 17.05 = 418 18.75 = 4.34  0.372
Catastrophism 3.86 = 3.29 3.52 + 543 495 * 5.46 0.615
HADS-Anxiety 2.77 = 2.02 3.43 = 1.66 3.90 = 1.86 0.150
HADS-Depression 1.14 = 1.46 1.48 = 1.29 2.15 = 218 0.149

Abbreviations: SW-DP shock waves with mild pain; SW-MP shock waves with
moderate pain; CPT cold pressor test; HADS Hospital Anxiety and Depression
Scale.

* Variance analysis (ANOVA) for independent samples.

T Chi-Square test.

3. Results
3.1. Participants

The final sample consisted of 63 asymptomatic participants with a
mean age of 22.95 + 2.29 years, of whom 53% were women. There
were no dropouts or losses during the study, nor any adverse effects
during the interventions. All the participants received an average en-
ergy intensity of 0.08 mJ/mm? to 0.28 mJ/mm? (1.87-4 bar), and none
reached a high-energy intensity during the application of the technique
(0.28 mJ/mm? to 0.6 mJ/mm?). Furthermore, previous experience with
SW therapy clinically was considered an exclusion criterion. In addi-
tion, the three groups were homogeneous, therefore comparable; as
demonstrated by the absence of differences between groups for the
anthropometric and psychological variables (confounding variables) at
the beginning of the study. Table 1 shows the values obtained for the
anthropometric and psychological variables belonging to each of the
groups.

3.2. Outcome measurements

The results of the ANOVA revealed differences between the various
groups in time for the totality of the PPT, due to statistically significant
differences were obtained in the interaction group x time (lateral epi-
condyle dominant arm [F = 10.29; P < 0.001; n%p = 0.255]; median
nerve dominant arm [F = 8.05, P = 0.001, n*p = 0.212]; lateral epi-
condyle non-dominant arm [F =11.37, P < 0.001, n’p = 0.275];
median nerve, non-dominant arm [F=10.96, P < 0.001,
n%p = 0.268]; tibia [F = 4.80, P = 0.012, n°p = 0.138]).

The results of the comparisons between groups are shown in
Table 2. The PPTs increased significantly more in the SW-MP group
compared with the SW-DP group. In addition, this increase showed a
large effect size due to the obtained effect sizes were greater than 0.80.

However, the CPT group showed a significantly PPT increase with a
high effect size (d > 0.80) with respect to the SW-DP group in the
upper limb where the interventions were applied (dominant arm). In
addition, there were no significant differences between the SW-MP
group versus the CPT group except for the PPT obtained in the arm
contralateral to the administration of the technique (nondominant
upper limb), with differences observed in the latter of a moderate-large
effect size (d = 0.73) in favour of the SW-MP group.

Regarding the intra-group changes, the two groups that reached
moderate pain during the intervention showed significant differences in
all the PPTs evaluated.

4. Discussion

The present study provides additional evidence on the possible
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mechanisms underlying the hypoalgesic effect attributed to SWs. Based
on our results, only those interventions administered with moderate
pain (SW-MP and CPT) caused an increase in the PPT in regions neu-
rophysiologically related to the area of application, although the SW-
MP group obtained superior results — especially in the arm con-
tralateral to the administration of the technique. Hence, the hypothesis
that the hypoalgesic effect of SW could be due to an activation of the
descending inhibitory system.

In a review of the literature, there were numerous studies demon-
strating a hypoalgesic effect through the application of SWs.?*9-52
However, to our knowledge, there is no substantial evidence to de-
termine the possible mechanisms responsible for this effect, as well as
whether the perception of pain during the administration of the tech-
nique is a factor to be taken into account. Concerning our primary
objective, the findings of the present investigation suggest that the
hypoalgesic effect, generated from SWs, is linked to the magnitude of
pain intensity perceived during its application, given that only the SW-
MP group obtained an increase in PPT. This finding could be due to the
activation of the descending inhibitory system because this system may
be activated by the application of a considerable painful stimulus, re-
sulting in a blockage or a reduction in the transmission of nociceptive
information by the C fibres.>*

On the other hand, our SWs application was always placed on
medium energy parameters according to the Rompe rating scale,” as
with the majority of studies performed on tendinopathies in which low
or medium intensities are applied.”* Some authors have investigated
the role of energy intensity applied using SWs on the analgesic effect
because the intensity of the energy flow is one of the most important
parameters for the treatment of musculoskeletal disorders. In this way,
Yang et al.>* demonstrated that applying SWs with a high-energy in-
tensity generated a greater analgesic effect —reduced pain intensity
and increased PPT— than its application with an average intensity in
patients with pain syndrome. However, for patients with calcific ten-
dinopathy, Bannuru et al.>® did not find differences in pain relief be-
tween the applications of SWs with high or low intensity of energy —
although there was a tendency towards a more significant effect with
high intensity — but in the improvement of function. In our opinion,
this aspect could have some relationship to our findings, given that
usually, the more energy that is applied during the technique, the
greater is the discomfort or the perception of pain. Therefore, it could
be hypothesised that the greater pain relief produced by the application
of SWs with high-intensity energy may be due to the greater perception
of pain/discomfort during its administration, and not to the intensity of
energy applied in itself. This hypothesis could explain the ambiguity of
results observed in the literature on the appropriate intensity/effec-
tiveness of SWs since the endogenous analgesic effect depends to a
greater extent on the characteristics of each individual than on the
nociceptive stimulus.”®

At present, the mechanisms responsible for the analgesic effect of
SWs are unknown. The present study, although it does not adequately
clarify those mechanisms, contributes to its understanding. When
comparing the effect of SWs with the CPT, the theory that the hy-
poalgesic effect is based on the activation of the descending inhibitory
system seems more relevant because only groups with moderate pain
generated hypoalgesic changes. However, in the presence of a painful
stimulus of the same intensity, the hypoalgesia by the pressure obtained
with the SWs was higher and more generalised than the hypoalgesia by
the CPT. This finding could be argued because SWs repeatedly reached
the pre-established pain intensity in multiple participants due to the
application of 2000 impulses because a maximum of two pauses could
be made, whereas the only one was made with the CPT. Therefore, it
would be expected that the repeated summation in time of moderate
stimuli would suppose a greater endogenous analgesic activation, thus
elevating the PPT in a generalised manner. Another hypothesis to jus-
tify the superiority of the SW-MP group compared with the CPT is the
latter uses thermal rather than mechanical stimuli to induce analgesia,
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Table 2
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Comparison of pain threshold to pressure before and after treatment with shock waves and with the cold pressor test.

Variable Group  Mean = standard deviation Intragroup difference of means (CI at 95%); Intergroup difference of means of change between groups (CI at
effect size (d) 95%); effect size (d)
Pre Post a) SW-DP vs SW-MP
b) SW-DP vs CPT
¢) SW-MP vs CPT

PTP-D-Epi SW-DP  4.32 (1.54) 4.55 (1.48) —0.23 (—0.63 to 0.16); d = —0.15 a) 1.25 (0.56-1.94) ; d =1.47

SW-MP  5.06 (1.72) 6.54 (2.19) —1.48 (—1.88to —1.08) ;d= —-0.75 b) 0.82 (0.13-1.52) ; d = 0.99

CPT 4.86 (1.16) 5.91 (1.59) —1.06 (—=1.47 to —0.65) ;d = —0.75 c) —0.42 (-1.13 to 0.28); d = —0.39
PTP-NoD-Epi SW-DP  4.48 (1.65) 4.63 (1.63) —0.15 (—0.50 to 0.19); d = —0.09 a) 1.18 (0.57-1.78) ;d = 1.37

SW-MP  4.97 (1.79) 6.29 (2.35) -1.33(-1.68to —0.97) ;d= —0.63 b) 0.53 (—0.08 to 1.15); d = 0.79

CPT 4.83 (1.31) 5.52 (1.48) —0.69 (-1.05to —0.32) ;d = —0.49 c) —0.64 (-1.26 to —0.02) ; d = —0.73
PTP-D-Med SW-DP  4.09 (1.97) 4.31 (1.78) —0.23 (—0.60 to 0.15); d = —0.12 a) 0.87 (0.21-1.53) ; d = 0.97

SW-MP  5.25 (1.76) 6.35 (2.18) -1.1(-1.48to —0.72) ;d= —0.56 b) 0.98 (0.32-1.65) ;d = 1.23

CPT 4.33 (0.96) 5.53 (1.22) —1.21 (-1.61to —0.82) ;d = —1.09 ¢) 0.11 (- 0.57 to 0.79); d = 0.12
PTP-NoD-Med SW-DP  3.82 (1.69) 4 (1.76) —0.19 (—0.46 to 0.09); d = —0.10 a) 0.93 (0.44-1.42) ;d=1.51

SW-MP  4.43 (1.39) 5.55 (1.7) -1.12(-1.40to —0.83) ;d= —-0.72 b) 0.39 (—0.11 to 0.89); d = 0.60

CPT 4.12 (0.87) 4.69 (1.11) —0.57 (-0.87 to —0.28) ;d = —0.57 ¢) —0.54 (-1.05to —0.09) ;d = —0.76
PTP-D-Tib and NoD SW-DP  8.34 (3.16) 8.71 (3.06) —0.37 (—0.75 t0 0.02); d = —0.12 a) 0.86 (0.18-1.54) ; d = 0.88

SW-MP  9.84 (2.36) 11.07 (2.5) -1.22(-1.62to —0.83) ;d= —-0.51 b) 0.43 (—0.26 to 1.12); d = 0.58

CPT 9.07 (2.32) 9.87 (2.16) —0.80 (-1.21to —0.39) ;d= -0.36 c) —0.43 (-1.12t0 0.27); d = —0.42

Abbreviations: CI, confidence interval; PTP-D-Epipain threshold to pressure in the dominant epicondyle; PTP-NoD-Epi: pain threshold to pressure in the non-
dominant epicondyle; PTP-D-Med: pain threshold to pressure in the dominant median nerve; PTP-NoD-Med: pain threshold to pressure in the non-dominant median
nerve; PTP-D-Tib and NoD, mean of the pain threshold to the pressure in the dominant and non-dominant anterior tibial. SW-MP shock waves with moderate pain;

SW-DP shock waves with mild pain; CPTcold pressor test.
* Statistically significant differences at P < 0.05.
** Statistically significant differences at P < 0.01.

which could have some repercussions due to the hypoalgesia was
evaluated mechanically. The fibres responsible for the transmission of
nociceptive information from mechanical stimuli to pressure are dif-
ferent from those responsible when the stimulus is cold;’” thus, the
results could have varied if the hypoalgesic effect had been evaluated as
thermal pain thresholds. However, we used the CPT and not a con-
ditioning stimulus of a mechanical nature, such as the tourniquet test,”®
because CPT application time is more similar to that used for SWs.
Future studies should evaluate whether the modulation of pain condi-
tioned by thermal stimuli differs from that obtained by mechanical
stimuli. Finally, participants were not possibly influenced by the ex-
pectations for SWs and CPT interventions, due to participants with prior
experiences under these interventions were excluded.”® Thus, this as-
pect could influence the magnitude of the hypoalgesic effect obtained
by the CPT compared with the application of SWs.

Finally, the absence of hypoalgesic effect observed in the SW-DP
group could suggest that the descending inhibitory system needs a
stimulus of higher intensity than that caused in the SW-DP group to
activate and generate significant changes. In our opinion, these findings
are especially relevant in the clinical setting because they suggest that
the hypoalgesic effect of SWs could underlie the perception of pain
during its application rather than a therapeutic effect itself. This would
imply that other types of interventions, such as therapeutic exercise,
could possibly be more appropriate for the treatment of tendinopathies.
However, these statements must be interpreted with caution con-
sidering that the results of the SW-MP group were superior to those of
the CPT. Furthermore, it is possible that the hypoalgesic effects of SWs
are due to histological tissue changes; thus, the present study cannot
adequately establish that the produced hypoalgesia is entirely due to
the activation of the descending inhibitory system. In addition, more
significant shear forces seem to occur if energy levels are increased,
although there is a lack of knowledge about the effects comparison
between painful and non-painful SWs as well as their potential me-
chanical modulation which could be partially explained by the gate
control theory of pain.®°

4.1. Futures studies and clinical implications

Specific future studies about the application of SWs causing mild
pain, SWs generating moderate pain and CPT should be carried out in
patients with musculoskeletal conditions and compared to placebo,
intervention absence or non-painful SW, due to different pain mod-
ulation mechanisms may be presented under different musculoskeletal
conditions such as myofascial pain or fibromyalgia.®'®*

In addition, prior studies have tested the descending inhibitory
system activation by means of conditioned pain modulation or diffuse
noxious inhibitory controls.®*®” We suggest that the degree of inhibi-
tion by SW-MP and CPT should be equal in order to hypothesize the
activation of the descending inhibitory system, but one of the biggest
challenges in this field is the weak consistency across these studies.®*~®®
In the same line, we supposed the link between painful and non-painful
SW differences to activation of the descending inhibitory system. This
system may contribute to the observed differences. Nevertheless, the
descending inhibitory system acts best contralaterally and on C-fibers,
and consequently the painful conditioning stimulus should be given to a
different segment in order to exclude segmental inhibitory mechan-
isms.®*¢7

4.2. Limitations

This study has several limitations. First, the studied population was
asymptomatic, therefore, the findings cannot be extrapolated to the
pathological population. Due to we could not evaluate changes in the
pain intensity and the state of the tissues, it is impossible to determine
with certainty the SWs’ mechanisms of action. All participants achieved
a pain intensity of 6/10 on the VAS with the CPT, some participants
even before 2 min. As the VAS scores was continuously evaluated, these
values were not recorded. Nevertheless, all participants reached the
pain intensity corresponding to their group, which was considered the
most relevant aspect. In addition, only the immediate differences in the
PPT were evaluated; future studies should assess the hypoalgesic effects
covering more somatosensory variables and with a longer follow-up
period. Finally, sex differences both in pain perception and pain
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modulation may influence the PPT results, due to women generally
exhibit greater pain sensitivity, enhanced pain facilitation and reduced
pain inhibition compared with men.®® Ideally, future studies should be
designed with the additional aim to detect sex differences.

5. Conclusion

The results show that SWs treatment only has hypoalgesic effects if
its application produces moderate pain. In addition, the SW-MP group
showed a greater hypoalgesic effect in the contralateral limb of appli-
cation than the CPT group. Finally, the CPT group obtained local hy-
poalgesic changes concerning the SW-MP group. These findings suggest
that the hypoalgesic effect obtained after the application of SW could be
partially explained by the activation of the descending inhibitory
system. However, the results of this study should be interpreted with
caution due to it was performed on asymptomatic participants and
further studies testing conditioned pain modulation or diffuse noxious
inhibitory controls should be carried out in order to link these hy-
poalgesic changes to the activation of the descending inhibitory sys-
tems.
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