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Abstract

Study purpose. The purpose of this study was to evaluate the acute effect of deep dry needling (DP) on lower-limb
muscle strength-related variables in CrossTraining recreational athletes with latent trigger point (TrP).

Materials and methods. A total of 19 healthy CrossFit®-trained males (27.8 [4.7] years; 79.8 [10.4] kg; 1.76 [0.07] cm)
with myofascial TrP in quadriceps, gluteus or gastrocnemius muscles completed this repeated-measures triple-blind pilot
clinical trial. Participants were randomly allocated into either experimental (EG, n = 10) or Sham (SG, n = 9) groups. After
allocation, the assessment of lower-limb muscle power (squat jump [S]] and countermovement jump [CM]]) and maximal
isometric hip abduction and quadriceps strength were measured at baseline and after 48 hours of the intervention.
Results. The results are expressed as A (SD) [95% CI]; unbiased Cohen’s d [d,u, 95% CI]). DN has been shown to
reduce the presence of muscle TrP. The maximal isometric hip abduction strength had a moderate-to-high significant
increase in the EG (left: 21.5 (16.9) [9.42, 33.57]; 0.55 [0.19, 0.99], right: 20.3 (16.2) [8.70, 31.89]; 0.74 [0.25, 1.35]);
however, the Sham group only showed significant improvement in the left hip abductor muscles 15.77 (15.37) [3.96,
27.59]; 0.57 [0.11, 1.12]) with no significant changes in the right side.

Conclusions. The acute reduction of myofascial TrP was observed with the application of DN but had no significant
effect on maximal isometric strength or jump height compared to the Sham group. Results of this pilot clinical trial

can be used to commission future research.

Keywords: dry needling, muscle strength, trigger point, trigger area.

Introduction

CrossTraining is a high-intensity functional training
modality, which has had a fast growth worldwide with
CrossFit® as the most popular registered trademark (with
presence in 142 countries and more than 10,000 affiliates)
(Claudino et al., 2018). This discipline is characterized by
the execution of high-intensity interval training (HIIT)
with external loads or the body mass itself, so that physical
performance depends largely on the ability to generate
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muscle strength (Claudino et al., 2018). Although no direct
data have been reported on the prevalence of myofascial
pain syndrome in CrossTraining, de Almeida et al. (2019)
suggested that this modality might evoke in myofascial pain
syndrome which is associated to CrossFit®-related spinal
injuries (de Almeida, Carvalho, & Ribeiro Neto, 2019).
This makes sense considering the moderate prevalence
of this condition in Spinal Disorders (Chiarotto, Clijsen,
Fernandez-de-Las-Penas, & Barbero, 2016) and in neck and
shoulder-related disorders (Ribeiro et al., 2018).

Myofascial pain syndrome is characterized by symptoms
and signs generated by trigger points (TrP) in the body in-
cluding muscle pain (referred pain), decreased range of mo-
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tion, uncoordinated movements (changes in motor patterns),
muscle fatigue, delayed muscle relaxation and recovery, and
spasms (de las Pefas, 2013). TrP are discrete, focal, hyperir-
ritable spots located in a taut band of skeletal muscle that may
be spontaneously painful (i.e., active) or only painful with
compression (Shah et al., 2015). The prevalence of myofascial
pain syndrome, and TrP, is high among physically active indi-
viduals and athletes (Fett, Trompeter, & Platen, 2019; Hidal-
go-Lozano et al,, 2013; Noormohammadpour, Farahbakhsh,
Farahbakhsh, Rostami, & Kordi, 2018; Skootsky, Jaeger, &
Opye, 1989) with significant differences of the anatomical dis-
tribution according the sport discipline (Park et al., 2010).
This has been associated to changes in muscle status including
alterations on intracellular Ca2+ levels, reactive oxygen spe-
cies production, and decline in force production (Jafri, 2014).

Evidence of low to moderate quality suggests that dry
needling (DN) can be an effective strategy for eliminating
myofascial TrP (Mayoral del Moral, 2005). In fact, having
latent TrP has been shown to generate strength losses while
their treatment and elimination have shown an increase in
strength levels (Calvo-Lobo, Pacheco-da-Costa, & Hita-Her-
ranz, 2017; Cubukcu, Alimoglu, Samanci, & Gurbuz, 2007;
Lisinski & Huber, 2017). Notwithstanding, evidence is not
clear in this regard (Espejo-Anttnez et al., 2017) and more
high-quality clinical studies are needed (Gattie, Cleland, &
Snodgrass, 2017). Some authors have even suggested that this
practice may be detrimental to strength because of the pain
it causes (Prado, 2017). So far, most of the studies have been
carried out on upper limbs and there is a need for further
work with athletic population. Therefore, the aim of this study
was to evaluate the acute effects of DN versus placebo (sham)
on lower-limb muscle strength in CrossFitters with latent TrP.

Materials and methods

Trial design

This was a double-arm triple-blind (participants, the
evaluator, and the data analyzer) and repeated-measures
randomized pilot study in trained men. All outcome
variables were assessed before and 48 hours after the
DN intervention. This study is reported according to the
Consolidated Standards of Reporting Trials (CONSORT)
extension to pilot and feasibility trials (Eldridge et al., 2016).

Participants

Healthy Colombian male CrossFitters attending to the
physical fitness center ‘Soy Hakuna' (Envigado, Antioquia),
with latent TrP in gluteal, quadriceps and gastrocnemius
muscles (diagnosed by palpation) were potentially eligible
to participate in this clinical trial. Participants were recruited
on a voluntary basis, and all signed an informed consent
form to be randomly assigned to either the experimental
(EG: dry needling) or placebo (Sham) groups. In the consent,
detailed information was given about the aim of the study,
the measurements to be made, the conditions (comfortable
clothing and features of the anthropometric assessment), and
the approximate duration of the evaluation. All procedures
were conducted in accordance with the ethical guidelines of
the Declaration of Helsinki. Compliance with the stipulations
of the Ministry of Social Protection in Resolution 8430 of

1993 was guaranteed and the study protocol was approved by
the Institutional Review Board at Universidad de Antioquia
(Act N°059, September 12th, 2019).

The inclusion criteria were as follows: a) to have at least
21 year experience in CrossTraining; b) to reside in Medel-
lin or its metropolitan area (including Envigado); c) to have
agreed to participate in the study by signing the informed
consent form; d) to have a Colombian health system affilia-
tion; e) to have latent TrP in quadriceps, gluteal and gastroc-
nemius muscles. Additionally, the following were considered
as exclusion criteria: a) consumption of psychoactive sub-
stances; b) suffering from acute or chronic injuries; c) use of
performance and image-enhancing drugs; d) consumption
of drugs; e) diagnosed with chronic diseases (e.g., diabetes,
hypertension); f) excessive alcohol consumption; g) surgery
or operation during the same month of the interventions; h)
non-attendance to the baseline assessment.

Dry Needling Intervention

A DN intervention was performed by a physiotherapist
expert in this technique. After finding the latent TrP in
each quadriceps, gluteus and gastrocnemius, the subjects in
both groups underwent a DN or Sham session. Following
previously published procedures (Tasoglu, Sahin Onat,
Boluk, Tasoglu, & Ozgirgin, 2017), the patient’s anatomical
location was cleaned with alcohol for asepsis and with 0.40 x
0.25 mm needles a direct deep DN puncture was performed
on the latent TrP (EG). This technique has been shown to
be effective for the improvement in acute pain in myofascial
pain syndrome patients (Yehoshua, Rimon, Mizrahi
Reuveni, Peleg, & Adler, 2022), however, this is the case with
placebo or sham, but the evidence is of low to moderate
quality A similar procedure was performed on the Sham
group subjects but without inserting the needle into the skin
after the guide was placed. The intervention took 15 minutes
with each athlete and was performed in May 2020.

Outcomes

Dependent variables were strength-related variables:
i) lower-limb muscle power through countermovement and
squat jump tests; and ii) maximal isometric hip abduction
and quadriceps strength. All variables were measured after a
5-min warm up that consisted of four rounds of 30 seconds
plank, 10 elbow flexion-extensions, prone cubitus, 10 deep
squats with the hands behind the head.

Mpyofascial trigger points

The physiotherapist performed the evaluation of
latent TrP in the quadriceps, gluteal and gastrocnemius
muscles using flat palpation or pincer grip techniques
according to the diagnostic criteria (the presence of a taut
band, the presence of a tender spot during palpation, and
the reproduction of referred pain during compression)
previously published (Rozenfeld, Strinkovsky, Finestone,
& Kalichman, 2021). As a clinical criterion, a participant’s
improvement was determined when at least three latent TrP
decreased after the intervention. Rozenfeld et al. reported
that the palpation of myofascial TrP is a moderately reliable
diagnostic tool in the hip and thigh muscles and can be used
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in clinical research (Rozenfeld, Finestone, Moran, Damri, &
Kalichman, 2017).

Lower-limb muscle power

Squat jump (SJ) and countermovement jump (CM]) tests
were performed. The assessment protocol was carried out
after the 3-min warm-up described previously. Participants
performed two attempts for each jump test with a 1-min rest
interval between attempts following laboratory procedures
reported in previous articles published by our research
group (Bonilla et al., 2021; Vargas-Molina et al., 2022). The
tests were performed on a jump mat DIN-A2 Chronojump
(Boscosystem®, Spain). This device has been previously
reported to be reliable and valid for measuring vertical jump
height (Pueo, Penichet-Tomas, & Jimenez-Olmedo, 2020).
The highest jump of the two attempts (in centimeters) was
used for statistical analysis using the manufacturer open-
source software https://chronojump.org/es/programal/.

Maximal isometric muscle strength

A strain-gauge force sensor kit (Chronojump,
Boscosystem®, Spain) was used to measure muscle strength.
The characteristics of the force sensor include a maximal
capacity of 500 kg, output impedance 350 + 3 ), insulation
resistance of >2000 MQ and input impedance of 365 £ 5 Q.
Three minutes after the athlete performed the jump tests,
the maximal isometric hip abduction strength was measured
with the subject side lying (Figure 1). For the evaluation
of maximal isometric quadriceps strength, the subject was
seated in position for a 90° knee extension (Figure 2).

Fig. 1. Assessment of the maximal isometric hip abduction
strength. A. Participants were instructed to raise top leg keeping
knee straight while were side lying with a band around ankles.
Source: Taken from Iris Hattiesburg Clinic at shorturl.at/aoPW8
(Accessed on 5 February 2023) under copyright and owned by
VHI Healthcare. B. The band was attached to a force sensor able
to record the maximal isometric strength in real time. Source:
Taken from Chronojump Bosco System® at https://chronojump.
org/product/force-sensor-kit-able-to-add-accessories/ (Accessed
on 5 February 2023)

Fig. 2. Assessment of the maximal
isometric quadriceps strength.
Taken and modified from Stoll,

Huber, Seifert, Michel, and Stucki

(2000)

Force sensor

The following were taken into account to consider
a valid measurement: a) the gauge straps had a standard
distance, so that the length did not vary in either the pretest
or posttest; b) in knee extension, the free leg did not touch
the floor; ¢) in knee extension, the entire back was supported
on the backrest; d) the test was performed with each limb;
e) in both tests, dorsiflexion was allowed while performing
the movement; and f) the participant started by applying
a small force and then increased to the greatest amount of
force possible. Data were collected in Newton using the free
software provided by the manufacturer.

Sample size

Due to the lack of similar studies, a sample size of
10 patients in each group was considered suitable for this pilot
study. Therefore, non-probability sampling (convenience
sampling) was implemented. After the call to participate
in this study, 20 subjects were suitable for eligibility from
the available population (i.e., Cross-trained men attending
the fitness and strength conditioning center ‘Soy Hakuna’
located in Envigado, Colombia).

Randomization

The subjects were randomly assigned to the EG and Sham
groups using the permuted block technique within the Epidat
statistical software (the evaluator did not have access to this
information). This randomization was intended to ensure the
balance of the groups from the beginning of the investigation.
After group assignment, all participants were contacted and
notified of the group to which each one had been assigned.

Blinding

This was a triple blind study. In the evaluation protocols,
the examiners that performed pre- and post-test measure-
ments did not know which group the participants belonged
to while the researcher in charge of the interventions did not
have access to the evaluations; therefore, the investigator in
charge of analyzing the data was blinded The participants
were also blinded, as none of them knew to which group they
belonged (groups were named as A and B) so that all partici-
pants thought they were performing the same intervention.
In the end, there were three blind processes: i) participants,
ii) evaluators, iii) researcher who analyzed the data.

Bias

Valid and reliable instruments were used to control for
reporting bias. Moreover, all participants were subjected to the
same measurement protocol and the evaluators were trained
for these measurements. To control confounding variables,
such as diet, sleep and motivation, the following recommenda-
tions were made: a) subjects should follow their normal diet;
b) subjects should sleep at least seven hours a day during the
days of the study; ) they should not perform strength training.

Statistical Analysis

The descriptive statistics are expressed as mean and stan-
dard deviation (SD). A fourfold contingency table was used
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to represent the set of improvement counts of the latent TrP
in relation to DN versus Sham using the online free software
OpenEpi (www.openepi.com). Based on current recommen-
dations to improve data analysis practices (Martin & Teste,
2022), we implemented an estimation approach following
analytical procedures reported in previous articles published
by the DBSS Research Division (Bonilla, Kreider et al., 2021;
Bonilla, Méndez et al., 2021). Thus, to determine statisti-
cal significance, we examined the 95% ClIs for the difference
between the mean change scores (A = post — pre). If the 95%
CI excludes zero, the difference will attain significance at
the p<0.05 level. Effect size was calculated as unbiased Co-
hen’s d (dunb), considering a result of <0.2 as a small, 0.5 as
a moderate, 0.8 as a large effect, and >1.30 as a very large
effect (Rosenthal, 1996). Estimation plots were generated to
display the repeated measures data across two time points (at
baseline and after eight weeks). A difference-in-differences
(Dift-in-Diff) analysis was performed to compare changes in
the outcome variables between the groups (Cumming, 2013).

Results

A total of 20 participants were potentially eligible;
however, one man of the Sham group did not show up for
the baseline assessment session and was, therefore, excluded

Enrollment Assessed for eligibility (n = 20)

Excluded (n = 0)
+ Not meeting inclusion criteria (n = 0)
+ Declined to participate (n = 0)

Randomized (n = 20)

l Allocation l

1 J
Allocated to intervention GE (n = 10)
+ Received allocated intervention (n = 10)
+ Did not receive allocated intervention (n = 0)

Allocated to intervention GC (n = 10)
+ Received allocated intervention (n = 9)
«+ Did not receive allocated intervention (n = 1)

l Follow-Up l

Lost to follow-up ((n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0) Discontinued intervention (n = 0)

l Analysis l

Analysed (n=9)
+ Excluded from analysis (n = 0)

Analysed (n = 10)
+ Excluded from analysis (n = 0)

Fig. 3. CONSORT flow diagram

Table 2. Test-retest reliability

Table 1. Descriptive information of participants at baseline

EG (n=10) Sham (n=9) P
BM, kg 78.4 (6.54) [70, 92] 81.2 (6.74) [69,91] 0.420
Stature, cm 176 (7.06) [165,190] 177 (5.78) [165, 186] 0.647
BMI, kg/m2 25.4 (1.35) [23.3,28.4] 25.9 (1.17) [24.1, 28.1] 0.421
SJ, cm 37.3(4.41) [31.9,44.4] 36.1 (4.81) [28.1,44.4] 0.606
CM]J, cm 41.1 (3.91) [33.9, 47.2] 41.4 (4.92) [36.5,51.1] 0.864
MVC Hip-L, N 148 (31) [102, 196] 135(24.7) [98,171] 0.318
MVCHip-R,N 154 (26.1) [120,192] 139 (24.9) [101, 174] 0.235

MVC Knee-L, N 406 (83.6) [312, 539]
MVC Knee-R, N 387 (90.3) [253, 520]

412 (83) [279, 579]  0.892
435 (77.5) [309, 560] 0.234

Data is presented as mean (standard deviation) [95% confidence
interval]. BM: body mass in kg; BMI: body mass index;
CM]J: countermovement jump; LL: lower limit;

MVC Hip-L: maximum voluntary contract in left hip
abduction; MVC Hip-R: maximum voluntary contract in
right hip abduction; MVC Knee-L: maximum voluntary
contract in left knee extension; MVC Knee-R: maximum
voluntary contract in right knee extension; N: newtons;

SJ: Squat jump. A two-tailed p value for testing the null
hypothesis of no difference between the two group means is
reported

from the study. The rest of the participants attended and
complied with the intervention without attrition (Figure 3).

Table 1 presents a descriptive analysis of the sample
of participants at baseline without significant differences
between EG and Sham groups while Table 2 shows the
reliability of the tests that were performed.

The results of all variables are expressed as A (SD) [95%
CIJ; dunb [95% CI] and presented in Table 3. After post-
test assessments, there were no significant differences in SJ,
CM]J and the maximal isometric quadriceps (right and left)
strength compared to baseline measures in any group. The
maximal isometric hip abduction strength had a moderate-
to-high significant increase in the EG (left: 21.5 (16.88)
[9.42,33.57];0.55 [0.19, 0.99], right: 20.3 (16.2) [8.70, 31.89];
0.74 [0.25, 1.35]); however, the Sham group only showed
statistically significant improvement in the left hip abductor
muscles (15.77 (15.37) [3.96, 27.59]; 0.57 [0.11, 1.12]) with
no changes on the right side (5.45 (14.51) [-5.70, 16.61]; 0.18
[-0.17,0.57]).

ICC LL UL Mean CV (%) SWC SWC (%)
CM]J 0.99 0.97 0.99 41.10 2.61 2.97 7.22
SJ 0.95 0.89 0.98 37.20 1.03 1.06 2.85
MVC Hip-L 0.87 0.76 0.94 140.30 0.15 0.59 0.42
MVC Hip-R 0.88 0.96 0.99 145.20 0.89 3.59 2.47
MVC Knee-L 0.94 0.87 0.97 407.30 0.06 0.64 0.16
MVC Knee-R 0.98 0.79 0.95 401.40 0.05 0.56 0.14

CMJ: countermovement jump; ICC: intraclass correlation coefficient; LL: lower limit; MVC Hip-L: maximum voluntary contract in left
hip abduction; MVC Hip-R: maximum voluntary contract in right hip abduction; MVC Knee-L: maximum voluntary contract in
left knee extension; MVC Knee-R: maximum voluntary contract in right knee extension; SJ: Squat jump; SWE: smallest worthwhile

change; UL: upper limit
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Table 3. Pre- and post-intervention data on the study variables

Pretest Postest A d,p
Variable Group
Mean (SD) Mean (SD) Mean(SD) [95% CI] 8 [95% CI]
5 (o) EG 37.25 (4.40) 37.48 (3.12) 0.23 (3.27) [-2.10, 2.57] 0.05 [-0.47, 0.59]
cm

Sham 36.13 (4.81) 36.48 (4.32) 0.35 (5.40) [-3.80, 4.50] 0.06 [-0.69, 0.84]

M) (cm) EG 41.08 (3.90) 41.20 (4.17) 0.12 (2.13) [-1.39, 1.64] 0.02 [-0.29, 0.35]
cm

Sham 41.43 (4.91) 39.60 (4.85) -1.82(4.67) [-5.42,1.76] -0.33 [-1.01, 0.28]

EG 148.2 (30.965) 169.7 (39.79) 21.5 (16.88) [9.42, 33.57] * 0.55 [0.19, 0.99]
MVC Hip-L

Sham 134.89 (24.68) 150.67 (25.30) 15.77 (15.37) [3.96, 27.59] * 0.57 [0.11, 1.12]

EG 153.8 (26.12) 174.1 (23.58) 20.3 (16.20) [8.70, 31.89] * 0.74 [0.25, 1.35]
MVC Hip-R

Sham 139.33 (24.89) 144.79 (27.58) 5.45 (14.51) [-5.70, 16.61] 0.18 [-0.17, 0.57]

EG 406.3 (83.58) 454.7 (116.39) 48.4 (85.80) [-12.98, 109.78] 0.43 [-0.10, 1.03]
MVC Knee-L

Sham 411.56 (83.03) 462.89 (101.6) 51.33 (91.89) [-19.30, 121.97] 0.49 [-0.16, 1.23]

EG 386.7 (90.25) 398.4 (110.2) 11.7 (84.02) [-48.40, 71.70] 0.10 [-0.40, 0.63]
MVC Knee-R

Sham 434.67 (77.54) 443.33 (69.03) 8.66 (73.19) [-47.59, 64.92] 0.10 [-0.53, 0.76]

Data is presented as mean and standard deviation (SD). A: post-test — pre-test; d,,;,, unbiased Cohen’s d; CI, confidence interval;
CM]J: countermovement jump; EG: experimental group; MVC Hip-L: maximum voluntary contract in left hip abduction;
MVC Hip-R: maximum voluntary contract in right hip abduction; MVC Knee-L: maximum voluntary contract in left knee
extension; MVC Knee-R: maximum voluntary contract in right knee extension; SJ: Squat jump. * Statistically significant change
(p<0.05)
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Fig. 4. Estimation plots showing pre- and post-intervention values on analyzed variables. Paired data from Experimental (left) and Sham
(right) groups are shown as small circles joined by blue lines. The differences between the initial (pre) and final (post) means are plotted
on a floating difference axis whose zero is aligned with the pre-test mean. The filled pink triangle marks the difference on that axis and
the 95% CI on that difference is displayed. The differences are shown as open triangles on the difference axis. CMJ: countermovement
jump; MVC Hip-L: maximum voluntary contract in left hip abduction; MVC Hip-R: maximum voluntary contract in right hip
abduction; MVC Knee-L: maximum voluntary contract in left knee extension; MVC Knee-R: maximum voluntary contract in right knee
extension; SJ: Squat jump

Figure 4 shows the Gardner Altman estimation plots of Although the analysis of the fourfold (2x2) contingency
the variables that showed a significant pre-post differencein  table with cases of success (pain improvement counts)
each group. showed a statistically significant association (p<0.05)
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Table 4. Statistical results of the fourfold (2x2) contingency table

Dry needling Sham Total
Success 9 1 10
No success 1 8 9
Total 10 9 19
Risk-based* Estimates with confidence intervals at 95%
Point Estimates Confidence Intervals
Type Result Lower Upper Type
Estimated risk in the exposed 90.0 % 57.41 100.0 Taylor series
Estimated risk in the nonexposed 11.11 % 0.0 45.67 Taylor series
Overal risk 52.63 % 31.7 72.67 Taylor series
Risk ratio 8.1 1.262 51.99 Taylor series
Risk difference 78.89 % 51.19 106.6 Taylor series
Etiologic Fraction in the Population 78.89 % 42.86 100
Etiologic Fraction in the Exposed 87.65 % 20.75 98.08
Odds-Based Estimates and Confidence Limits
Point Estimates Confidence Limits
Type Value Lower, Upper Type

CMLE Odds Ratio* 45.82 3.733, 17461 Mid-P Exact

2.824, 3528 Fisher Exact
QOdds Ratio 72 3.842, 1349! Taylor series
Etiologic fraction in pop.(EFp|OR) 88.75% 67.67, 100
Etiologic fraction in exposed(EFe|OR) 98.61% 73.97,99.93

*Conditional maximum likelihood estimate of Odds Ratio. (P)indicates a one-tail P-value for Protective or negative association; otherwise,
one-tailed exact P-values are for a positive association. ® ' 95% confidence limits testing exclusion of 0 or 1, as indicated

between DR and the elimination of TrP (Table 4), there were
no significant differences between the EG and Sham groups
with regards to the change in selected strength variables. The
results of this Diff-in-Diff analysis (DID [95% CI], p value) is
reported in Table 5, Figure 5.

Table 5. Difference-in-differences analysis

Mean

Variable (A-A) DID 95% CI p
SJ 0.35-0.23  0.11 -5.42, 5.65 0.96
cMJ -1.82-0.12 -1.95 -7.84,3.93 0.50
MVC Hip-L 15.77-21.5 -5.72 -46.79, 35.34 0.77
MVC Hip-R 5.45-20.3 14.84 -48.58, 18.89 0.37
MVC Knee-L ~ 51.33-484 293 -125.7,131.55 0.96
MVC Knee-R 8.66-11.7 -3.03  -120.5,114.39 0.96

Difference of differences (DID) for EG (A,) and Sham (A,) groups.
The p value is two-tailed for testing the null hypothesis of
no difference between the two group means with statistical
significance when p<0.05.

Discussion

Considering that strength is a determining capacity
for different sports modalities, including CrossTraining®
(Dexheimer et al., 2019), this study aimed to evaluate for the

first time the acute effects of a DN intervention on lower-
limb muscle power and maximal isometric hip abduction
and quadriceps strength in trained CrossFitters with Latent
TrP. Our main findings showed reduction of latent TrP in
the quadriceps, gluteus, and gastrocnemius muscles when
DN was performed, and DN was not observed to have any
effect on lower-limb muscle power or maximal isometric
quadriceps strength.

Similar to previous reports (Gattie et al., 2017), the
DN intervention was able to clinically reduce the number
of TrP; in fact, our results showed that a participant was
8.1 times more likely to decrease latent TrP when DN was
performed than when it was not (table 4). These findings
are in agreement with literature since DN has shown to be
effective to reduce pain (Kamali, Sinaei, & Morovati, 2019;
Khan, Ahmad, Ahmed, Sadiqg, & Asim, 2021) and to possibly
generate positive changes at the neuromuscular level
(Ceballos-Laita et al., 2021; Perez-Bellmunt et al., 2021). It
should be noted that potential improvements have also been
described in hip or knee osteoarthritis (Jimenez-Del-Barrio
et al., 2022), plantar heel pain or plantar fasciitis (Llurda-
Almuzara et al., 2021) and post-stroke patients (Fernandez-
de-Las-Penas et al., 2021).

The precise mechanisms that cause TrP in skeletal
muscle, as well as the effects that NP has on them, are not fully
understood. However, it is suggested that that TrP may arise
due to a combination of several factors, including alterations
in the excitation-contraction coupling mechanism of
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muscle fibers, elevated intracellular calcium concentrations,
changes in intramyocellular pH, and inflammation
(Perreault et al., 2022; Zhang et al., 2020). In this regard,
Shah et al. (Shah, Phillips, Danoff, & Gerber, 2005) found
through an in vivo microanalytical technique that levels
of inflammatory mediators, such as tumor necrosis factor,
bradykinin, substance P, interleukin-1, and norepinephrine,
were significantly higher in active myofascial TrP compared
with latent or absent myofascial TrP. In this context, DN may
decrease the levels of some of these inflammatory molecules.
For instance, Hsieh et al. (Hsieh, Yang, Liu, Chou, & Hong,
2014) showed that DN induced a reduction in substance
P levels in rabbit muscles. These present results unveil
plausible mechanisms of action of DN on TrP yet warrant
further investigation in human trials. CrossTrainer-type

HIT can potentially serve as a suitable study model, given its
considerable levels of workload demand.

On the other hand, our results showed that the
elimination of TrP through a single session of DN did
not significantly affect lower-limb muscle power (i.e., SJ
or CMJ) or the maximal isometric quadriceps strength in
CrossFitters. Interestingly, significant increases on maximal
isometric hip strength for each limb (+13.1% right; +14.5%
left) were only found in the EG with no differences when
compared to the Sham group which improved solely the left-
limb hip strength. Of note, Haser et al. (Haser et al., 2017)
showed that elite soccer players who received a DN and water
pressure massage intervention for 4 weeks had a significant
effect on knee muscle strength (flexion and extension)
and hip flexion range of motion compared to placebo (an
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inactive laser device with water pressure massage) and the
control group (no intervention).

Consistent with our results, Prado et al. (Prado, 2017)
reported no benefits and even found a reduction in jump
height after acute DN in apparently healthy men, likely due
to changes in electromyographic activity that resulted in
a negative impact on muscle strength. Likewise, a recent
systematic review and meta-analysis (Mansfield et al,,
2019), which included studies involving a diverse range of
populations (e.g., different age ranges, healthy, injured, with
and without surgery), who manifested TrP and received
some form of dry-needling therapy, based on evidence of
moderate to very low quality, that there is no discernible
effect of DN on force production. However, since there have
been few studies evaluating the effects of DN in athletic
populations, more controlled clinical trials in this population
are needed to establish the effects of DN on muscle strength
and its possible mediating mechanisms.

It is important to note that although the results did
not show a significant increase in muscle strength after
DN, latent myofascial TrP were eliminated. This is relevant
because several studies have shown that the presence
of myofascial TrP may be related to a decrease in muscle
strength. For example, Cubukcu et al. (Cubukcu et al., 2007)
reported that the isokinetic and isometric strength levels
of the knee flexors and extensors were lower in groups of
women with fibromyalgia syndrome and chronic myofascial
pain syndrome (who had the presence of TrP), compared
to the control group. Similarly, it has been evidenced that
older adults with myofascial TrP in the shoulder had lower
levels of grip strength (Calvo-Lobo et al., 2017). In studies of
patients with different cervical conditions, it was observed
that the presence of myofascial pain decreased trapezius
strength (Lisinski & Huber, 2017). Moreover, in healthy
adults of both sexes, muscle strength for flexion and scaption
was lower in subjects with TrP compared to healthy subjects
(Celik & Yeldan, 2011). Nevertheless, other authors have
concluded that the presence of latent myofascial TrP may not
affect the upper-limb strength, at least in apparently healthy
non-athletic women (Doraisamy & Anshul, 2011). Although
these studies have a different focus than ours, such as the
type of population, co-morbidities, and musculoskeletal
disorders, they emphasize the negative relationship between
myofascial TrP and decreased strength. However, the causal
relationship between TrP and loss of strength, or whether
strength is immediately restored by the reduction of TrP,
is still unclear. In this sense, based on the mechanisms
of TrP, it can be hypothesized that the elimination of TrP
should increase force production because the muscle would
be in a better physiological state for force generation (e.g.,
for excitation-contraction response, intracellular calcium
management, and reduced inflammation).

Limitations

The limitations of this study were: a) the small sample
size as a pilot clinical trial; b) the non-measurement of
strength before having TrP; ¢) the diagnosis was performed
by palpation and not a more objective one such as
electromyography; d) only one DN intervention session was
performed; and e) the study was conducted with a single
post-test measurement.

Future directions

Considering the need to obtain a higher level of
quality of evidence for the effects of DN on TrP and force
production-related outcomes, more randomized clinical
trials in athletic populations are required, incorporating a
more robust assessment of TrP and muscle strength over the
medium to long term. To achieve this, we propose a more
sensitive assessment of myofascial TrP, using techniques
such as electromyography, histochemical analysis, and/
or micro-analytical methods. Additionally, since muscle
strength is influenced by various variables, it should be
evaluated considering aspects such as interaction with other
factors (e.g., type of training, fatigue, fitness level), changes
over time, and their impact on performance and health. This
would not only enable us to analyze the efficacy of DN on
TrP, but also determine whether these changes are directly
or indirectly associated with force production.

Conclusions

Our results show that the application of DN has acute
effects on the reduction of myofascial TrP in the quadriceps,
gluteus, or gastrocnemius of recreational CrossFit athletes.
However, we did not find any significant effects on maximal
isometric strength during knee extension and hip abduction,
nor on strength during CMJ and SJ jumps compared to the
Sham group. Further controlled clinical trials are needed to
evaluate the efficacy of DN on TrP and its relationship with
muscle strength outcomes.
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ABTOpPCHKMIT BKTA: A — Am3aits gocmipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykomucy; E — 36ip komrtis

Pedepar. Crarrs: 11 ¢, 5 TabL., 5 puc., 48 mxeper.

Mera gocmimkeHHA. MeTa I[bOT0o JOCTiI)KEHHA MOJIATa/Ia B OLIiHII HEralfHOTO BIUIUBY ITIMOOKOTO CYXOTO F'OJIKOBKOTIOBAHHS
Ha 3MiHHi, 0B’ s13aHi i3 CMJI010 M’5I31B HIDKHIX KIiHIIIBOK, Y CIIOPTCMEHIB-TI00MTeNiB, K 3aiiMaIOTbCsl KPOC-TPEHIHIOM, i3 1aTeHT-
HOIO TPUTEPHOIO TOYKOIO.

Marepianu ta merogu. Ile IOTPijiHO crille MiIOTHe KTiHiYHE JOC/IKEHHA 3 IOBTOPHMMU BUMipIOBAaHHAMY IIPOMIIIN 3a-
razioM 19 3[0poBKX YO/OBIKIB, sAKi 3aiimanucsa kpocdirom (27,8 [4,7] poky; 79,8 [10,4] xr; 1,76 [0,07] cm), 3 miodacriianbHOIO
TPUTEPHOI0 TOYKOIO B YOTUPUTOTIOBOMY, CiTHIYHOMY ab0 TMTKOBOMY M s13aX. Y4acHMKM Oy/Iu BUIIAfKOBO PO3IIOi/IEH] B eKCIle-
pumenranbhy rpyny (EL n = 10) abo B konTponphy rpyny (KII, n = 9). Ilicna posnogpiny Ha BuxigHoMy piBHi Ta yepes 48 rognH
IiC/Is1 BTPYYaHH OLiHIOBA/IM CYJTY M $I3iB HYDKHIX KiHI[IBOK (BepTMKaTbHMII CTPUOOK i3 IPUCiNy 3irHYBILY HOTY Ta BEPTUKAIbHMIT
CTpUOOK i3 3yCTPiYHMM PyXOM) i BUMIpIOBa/IM CHTy MaKCHMA/IbHOTO i30METPMYHOTO BifiBEfJeHHS CTETHA Ta YOTUPUTOTIOBOTO
M’A3a.

Pesynbraru. Pesynprartu Bupaxeni sik A (CB) [95% JI]; nesmimena oninka d Koena [dunb, 95% [11]). Byno nokasaHo, 110
[IM6OKe CyXe FONKOBKO/IIOBAHHSI 3MEHIIYE IIPUCYTHICTD M’5130BOI TPUTepHOI TOYKM. MakcuManibHa i3soOMeTpyUyHa CUIa BifiBelleH-
HS CTETHA MajIa ITOMipHe ab0 BMCOKe CTATUCTMYHO 3Hauyiie 36inbpurenns B EI' (miBwit 6ik: 21,5 (16,9) [9,42, 33,57]; 0,55 [0,19,
0,99], mpasuit 6ik: 20,3 (16,2) [8,70, 31,89]; 0,74 [0,25, 1,35]); ofiHaK KOHTpPOJIbHA IPYIIa IPOIEMOHCTPYBajIa CTAaTUCTIYHO 3HAYYIL[e
30iIbIIEHHS CUJIN JIMIIe TUX M 43iB, 0 BigBO#ATh niBe crerno (15,77 (15,37) [3,96, 27,59]; 0,57 [0,11, 1,12]), 6e3 cratucTiaso
3HAYYLINX 3MiH Y IpaBoMy Oo1i.

BucHoBku. Heraiine ckopodeHHs MiodacuiaTbHOI TPUTEPHOI TOUKY CIIOCTEPIranocs Ipu 3aCTOCyBaHHI IMOOKOrO CyXoro
TOJIKOBKOJIIOBAHHA, a/Ie He MaJI0 CTATUCTIYHO 3HAYYIIOrO BIVIMBY Ha MAKCUMAJIbHY 130MeTPUYHY CITy 260 BUCOTY CTpMOKa I10-
PIBHSIHO 3 KOHTPO/IBHOIO IPYIIOK0. Pe3ybraTit [[bOro MiIOTHOTO KTIHIYHOTO JOCTIIKEHHA MOXYTb OYTI BUKOPYUCTAHI [/Is HifA-
rOTYBaHHA Ma1716yTHix IOCTiIKEHb.

Kiro4oBi croBa: cyxe rojIKOBKO/MIOBaHHI, M 130Ba CI/Ia, TPUT€PHA TOYKA, TPUTE€PHA 30Ha.
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