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Abstract

The study aimed to evaluate the immediate effects of a dry nee-
dling (DN) therapy session on biomechanical properties, muscle
power, perfusion, and pressure pain threshold of the gastrocnem-
ius muscle with latent trigger points. Twenty mixed martial arts
athletes (MMA) were randomly divided into two groups: experi-
mental (eDN, n = 10) and sham (gDN, n = 10) to undergo one
session of DN either with a real or a qazi needle. The measure-
ments were taken at rest, 1-5 minutes after the DN (Post1-5min)
and 24h after the DN (Post24h). DN significantly increased the
muscle perfusion (Post1-5min and Post24h, p < 0.001), reduced
its tone (Post1-5min and Post24h, p < 0.001) and stiffness (Post1-
Smin, p < 0.05; Post24 h, p < 0.001), and improved its elasticity
(Post1-5min and Post24h, p < 0.001). DN also caused a signifi-
cant increase in pressure pain threshold (Postl-5min, p < 0.001;
Post24h, p < 0.05) and in muscle power (Post24h, p <0.01). The
DN session increased the blood perfusion and improved the bio-
mechanical properties of the gastrocnemius muscle, which led to
improved muscle power. The DN also had an analgesic effect.
These effects were maintained at 24 h, which suggests that DN
could facilitate muscle recovery in a post-exercise period of
MMA athletes.

Key words: Latent trigger point, mixed martial arts, myotonom-
etry, blood perfusion.

Introduction

Trigger point(s) TrP adversely affects muscles’ function,
increasing its stiffness and reducing muscle strength (Albin
et al., 2020; Ballyns et al., 2012; Fernandez-de-las-Pefias
and Dommerholt, 2018; Simons et al., 2002). TrP is an
overly sensitive area in a tense band of the skeletal muscle
fibers, characterized by referred pain and sometimes a local
twitch response (LTR) (Kelly et al., 2018). The most ac-
cepted definition describes the muscle TrP as "a hypersen-
sitive point in skeletal muscles associated with a hypersen-
sitive palpable node in a taut band. The site is painful with
manual pressure and may cause referred pain, tenderness,
motor dysfunction, and autonomy phenomena "
(Fernandez-de-las-Pefias and Dommerholt, 2018). TrP can
be latent or active and usually develops in response to
chronic muscle fatigue but also to acute or chronic damage
of a muscle, tendon, ligament, joint, or nerve (Ding et al.,
2018). The diagnostic criteria and etiology of TrP are still

unclear. TrP may have one or more over-sensitive /o-
cus/loci characterized by a greater concentration of noci-
ceptors. These /oci tend to mainly occur in the vicinity of
the motor end plate; nevertheless, they can also be found in
other areas of the muscle (Jiménez-Sanchez et al., 2018;
Rivers et al., 2015). Sensitive loci have a specific EMG
pattern consisting of spontaneous low-amplitude superim-
posed by high-amplitude discharges. This phenomenon is
the end-plate noise (EPN) (Domingo et al., 2013).

Dry needling (DN) is one of the therapeutic meth-
ods used to alleviate TrP; its actual mechanisms have not
yet been established (Liu et al., 2015). DN beneficially af-
fects the muscles’ biomechanical properties, including re-
duction of muscle tone and stiffness, as well as increases in
its elasticity (Albin et al., 2020; Kelly et al., 2021). The
American Physical Therapy Association (APTA) has de-
fined DN as "a skilled intervention using a fine needle to
penetrate the skin that stimulates TrP, muscles, and con-
nective tissue to treat neuromusculoskeletal disorders"
(Dos Santos et al., 2021; Fernandez-de-las-Pefias and
Dommerholt, 2018). Despite its utilization in sports reha-
bilitation, DN has not been sufficiently studied (Boyles et
al., 2015; Gattie et al., 2017; Kietrys et al., 2013; Mansfield
etal., 2019). It is also worth mentioning that DN still raises
some concerns among coaches and their athletes, as it has
been suggested that DN can intensify exercise-induced
muscle pain and impair athletic performance (Martin-
Pintado-Zugasti et al., 2018).

Previous studies have shown that the effects of DN
on the latent TrP include reducing muscle pain (Mansfield
et al., 2019), modify the muscle tissue hyperemia
(Sandberg et al., 2003, 2005) and improve mobility of the
musculoskeletal system (Gattie et al., 2017; Zarei et al.,
2020) and regeneration (Albin et al., 2020; Bandy et al.,
2017; Dos Santos et al., 2021). However, there is a research
gap in the scientific literature describing the impact of DN
on muscle biomechanical changes and their correlations
with tissue perfusion; in particular, there are no studies in
the group of martial arts athletes.

The nature of mixed martial arts (MMA) fights
places high physiological demands on the fighters. MMA
differs from other martial arts in requiring high muscle
strength (James et al., 2016). The rules of MMA allow the
use of strikes and holds both in a standing position and on
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the ground. The fight itself involves many explosive ac-
tions, such as kicks and punches, the effectiveness of which
is often crucial to the final result of the competition
(Andrade et al., 2019). The energy systems that an MMA
fighter activates during a fight are the same as those that
enable repeated sprinting effort (Zebrowska et al., 2019).
Excessive static and dynamic exercise leads to myocytes’
membrane damage, activation of inflammatory processes,
muscle soreness, local ischemia, and unfavorable changes
in the muscle biomechanical properties, including in-
creased muscle tone and stiffness and decreased elasticity
(Albin et al., 2020; Albracht and Arampatzis, 2013;
Ballyns et al., 2012; Enoka and Duchateau, 2008).

Such changes will make the skeletal muscles more
susceptible to fatigue and injury during exercise (Konrad
et al., 2023), hinder their regeneration (Albin et al., 2020;
Konrad et al., 2023), and over time may lead to the devel-
opment of trigger point(s) (TrP). TrP adversely affects
muscles’ function, increasing its stiffness and reducing
muscle strength (Albin et al., 2020; Ballyns et al., 2012;
Fernandez-de-las-Pefias and Dommerholt, 2018; Simons et
al., 2002).

It seems crucial to evaluate the methods used to as-
sess changes in biomechanical properties of skeletal mus-
cles in response to exercise (Ding et al., 2018; Hansen et
al., 2010; Simons et al., 2002). Myotonometry and laser
Doppler flowmetry (LDF) are well-documented methods
assessing muscles’ biomechanical properties, such as tone,
stiffness, elasticity (myotonometry), and hyperemia (LDF)
(Kvandal et al., 2006; Liana et al., 2009; Szygula et al.,
2020), which is indicative of changes in the muscle tissue
induced by exercise (Szyguta et al., 2020). In myotonome-
try, a probe applies a mechanical impulse to the muscle tis-
sue, eliciting oscillations of the muscles to measure the bio-
mechanical properties of the muscle (Bartsch et al., 2023a;
Chen et al., 2019a; Kisilewicz et al., 2020; Melo et al.,
2022). LDF is a method comparable with capillaroscopy
and thermographic methods (Kvandal et al., 2006a). Alt-
hough it is popular in sports medicine, it would be an inno-
vative method for assessing changes induced by a therapy
called dry needling (Szyguta et al., 2020).

The objective of the current study was to assess the
immediate effects of a DN session on the biomechanical
properties (muscle tone, stiffness, elasticity), power, pres-
sure pain threshold, and blood perfusion of the gastrocnem-
ius muscles in mixed martial arts (MMA) athletes. We hy-
pothesized that DN within latent TrP can beneficially affect
the biomechanical properties of the muscle, reduce muscle
pain, and increase muscle power. Our study findings will
contribute to a better understanding of the relationship be-
tween biomechanical properties of the muscle and local is-
chemia causing latent TrP and their adverse effect on ath-
letic performance of MMA athletes.

Methods

Participants

Twenty MMA fighters (n = 20) were enrolled in the study
according to the following inclusion criteria: subjects aged
18 - 40 years, with a minimum of 3 years of training
experience, training at least four times per week, and with

a documented record (data of professional fights on tapol-
ogy.com, amateur fights on mmapolska.org) of amateur or
professional fights. The exclusion criteria were as follows:
elevated blood pressure at rest (blood pressure > 140/90
mm Hg), musculoskeletal system injuries, skin lesions and
a tattoo close to the procedure site (inability to interpret tis-
sue perfusion), needle phobia, fever, infection, allergy to
nickel, extreme fatigue. Participants were asked to refrain
from consuming ergogenic drinks for 4 hours before the
test and abstain from training 48 hours before the study,
which could affect the blood perfusion measurement. All
participants were informed that they could withdraw from
the study without giving reasons. Signed informed consent
was obtained from each subject.

The research study was approved by the ethics com-
mittee at the National Council of Physiotherapists (consent
No. 26/2022 of January 12, 2023) and registered as a clin-
ical trial (ISRCTN10378682). The study was carried out
by the Declaration of Helsinki.

Study design
In this single-blind randomized controlled trial, partici-
pants were randomly assigned (simple randomization 1:1
using randomizer.org) to either the experimental (eDN; n
= 10) or placebo (qDN; n = 10) group (Figure 1- flow
chart). Fourteen days before the study, each participant was
familiarized with the DN method (familarization interven-
tion). The DN procedure was carried out by the safety
rules, which included disinfecting the puncture site. DN
was performed in a standardized prone position with feet
hanging freely off the table. In the eDN group, sterile soma
needles 0.30x50 mm were used (Figure 2). Each puncture
was made with one needle for one TrP, and an LTR was
monitored for. TrP was defined as palpable tenderness in a
taut band approximately four fingers below the popliteal
fossa in the medial head of the gastrocnemius muscle of
both legs. An experienced clinician, also a DN instructor,
performed an average of 3 to 5 punctures in the area of the
TrP without removing the needle from the skin. IfFLTR was
not observed after five punctures, the clinician changed the
needle and a puncture site about 5 cm away from the initial
puncture site. The procedure was repeated for each gas-
trocnemius muscle (Albin et al., 2020; Fernandez-de-las-
Pefias and Dommerholt, 2018). In case of no LTR, inser-
tions were discontinued. The entire procedure lasted from
15 to 30 seconds for one TrP. If the patient was experienc-
ing a burning sensation during the process or a different
adverse reaction, the procedure was discontinued (this ap-
plied to one subject). After the DN, a 5-second ischemic
compression was performed to reduce the unpleasant sen-
sations due to LTR. In the qDN group, a quasi-needle that
did not pierce the skin was used instead. The quasi needle
contained a spring, which, along with a unique technique,
enabled to produce a similar sensation to that by the needle
used in DN (telescopic needle - sham therapy- Figure 3)
(Braithwaite et al., 2019). Additionally, due to the prone
position, the participants could not see the used needle.
The following measurements were taken at rest
(Rest), 1-5 minutes after the DN therapy (Post1-5min) and
at the 24" hour after the DN (Post24h): blood perfusion de-
scribed in non-reference units (PU), muscle tone (T - [Hz]),
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Figure 1. Consort diagram.

Figure 2. Dry needling in the experimental group (eDN). DN
application in the experimental group

Figure 3. Dry needling in the placebo (qDN) group using a
telescopic needle (sham therapy).

dynamic stiffness (S - [N/m]), elasticity (E- [arb- relative
arbitrary unit]), pressure pain threshold (PPT - [N/cm] ),
and muscle power based on relative strength index (RSI =
jump height/contact time [m/s]. The measurements were
taken by trained students and physiotherapists in the fol-
lowing order: (1) PU, 2) T, 3) S, (4) E, (5) PPT and (6)
RSI. All participants were tested between 10 am and 12 pm
at the Provita Medical Center in Poland.

Measurement- perfusion unit (PU)

To analyze the PU, the LDF was used (Szygula et al.,
2020). After clinically determining the site (Albin et al.,
2020) and marking it with a special pen, the wave reflected
from the erythrocytes was measured (Szyguta et al., 2020).
The LDF was performed using a Perimed apparatus (Swe-
den 2004). The measurement depth was 2.5 mm, the vol-
ume was 1 mm3, and the procedure lasted 2 minutes. The
LDF method, due to its repeatability, high sensitivity, and
non-invasiveness, allows for a precise assessment of mi-
crocirculation at rest and in response to a physical stimulus.
The standardized LDF test proposed by Liana et al. (Liana
et al., 2009) was used to assess augmented in response to
DN skin microcirculation. Laser Doppler flowmetry (LDF)
is a standard technology to access microcirculatory func-
tion in vivo (Rodrigues et al., 2019). Better sensors and
more effective wireless communication cause great interest
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among scientists and clinicians in using LDF. LDF is the
gold standard in assessing microcirculatory reactions,
demonstrating great sensitivity and repeatability of meas-
urements (Kvandal et al., 2006).

Measurement- myotonometry

The gastrocnemius muscles T, S, and E were assessed us-
ing a myotonometer - MyotonPRO (AS, Myoton Ltd, Es-
tonia 2021), which is a digital palpation device consisting
of a body and an indentation probe (@ 3 mm). The Myo-
tonPro employs the Mechanical Dynamic Response
method, which consists of a mechanical precision impulse,
the recording of dynamic tissue response in the form of
physical displacement and oscillation acceleration signal,
and the subsequent computation of parameters characteriz-
ing T, S, and E. Its reliability and repeatability have been
confirmed in scientific literature. (Bartsch et al., 2023;
Melo et al., 2022). Pre-pressure (0.18 N) is first applied
through the probe to the surface, compressing the tissue un-
derneath. The device then releases a mechanical impulse
(0.4 N, 15 ms), deforming the tissue for a short time (Melo
et al., 2022). The device evaluates the resting T state based
on a muscle's oscillation frequency in resting state (silent
EMG signal) (Bartsch et al., 2023). The S assessed by my-
otonometry characterizes the resistance of the muscle to
contraction (Chen et al., 2019). Muscle E, defined as the
muscle's ability to regain its original shape after defor-
mation, was measured as a logarithmic decrement that
characterizes the dampening of tissue oscillation. The
faster the tissue oscillation fades, the higher the dissipation
of mechanical energy induced by the measurement im-
pulse. The decrement of tissue natural oscillation inversely
describes elasticity (Bartsch et al., 2023).

Measurement- pressure pain threshold (PPT)

The PPT was measured with an algesimeter (FDIX, Wag-
ner Instruments, Greenwich, CT, USA 2013). The partici-
pants were subjected to three compression tests with a
probe (parameters: r = 4 mm) in a tissue area (mm). The
force value (in kg or N/cm 2) was calculated as the average
of the three measurements and displayed digitally. In case
of a significant deviation in the measured value, the device
signaled the need to repeat the test. The pressure force was
increased until a stimulus was unpleasant for the partici-
pant (Suzuki et al., 2022). Pressure algometers have been
widely used in clinical practice for almost one hundred
years (Park et al., 2011). This instrument is widely used to
assess myofascial pain syndrome and various musculoskel-
etal diseases, demonstrating high repeat measurement reli-
ability (Fernandez-Lao et al., 2010).

Measurement — muscle power - reactive strength index
(RSI)

A primary goal in exercise science is to evaluate the degree
to which training affects performance. Therefore, we rely
on empirical data for comparisons and conclusions as
sports scientists, coaches, physicians, or trainers. To ensure
that the interpretation of the results and inferences drawn
from these data are correct, it is essential to perform accu-
rate measurements that are highly reproducible, that the
tests can detect small changes in performance, and that the

changes found in performance are fundamental and not due
to error or measurement noise(Venegas-Carro et al., 2022).
The RSI index is one such test for assessing muscle
strength, confirmed in scientific literature (Markwick et al.,
2015).

The final measurement was the muscle power based
on the reactive strength index (RSI). RSI describes an in-
dividual's ability to change quickly from eccentric to con-
centric muscle contraction and is intended to assess the ath-
lete's reactive strength - muscle power. RSI was deter-
mined using a drop jump using the Force Decks platform
(Vald Performance Australia 2012). The drop jump is reli-
able for assessing RSI and associated kinematic perfor-
mance (Healy et al., 2018). The athletes had to perform a
drop jump from a 55 cm platform and perform a maximal
vertical jump as soon as they landed. Before the test, par-
ticipants warmed up by doing ten squats and passive
stretches of the lower leg muscles for one minute. A re-
search assistant instructed All athletes on the jump tech-
nique and made three attempts before the measurements
were taken (Gervasi et al., 2022; Markwick et al., 2015).
The test involved two different drop heights and assessed
how high an athlete can raise their center of gravity. To
calculate an RSI for each participant, we used the follow-
ing equation: RSI = jump height [m]/contact time [s].

Statistical analysis

The standard statistical procedures were selected to calcu-
late the means and standard deviations (SD). The normality
and homogeneity of variance were confirmed using
Shapiro-Wilk’s and Levene’s tests. The compound sym-
metry, or sphericity, was assessed by Mauchley’s test.
When the assumption of sphericity was not met, the signif-
icance of F-ratios was adjusted according to the Green-
house- Geisser procedure. The evaluation of the effects of
the applied DN on the variables PU, T, S, E, PPT, and RSI
was performed using a two-factor analysis of variance with
repeated measures. The two factors were the study group
(eDN vs. ¢DN) and the time of measurements (Rest and
Post-DN: Post1-5 min and Post24 h.

To determine the intragroup and intergroup differ-
ences, the post hoc Bonferroni tests were used. The level
of significance was set at p < 0.05. Partial eta squared (n 2
p) for ANOVA was used to estimate an effect size with the
classifications small (0.01), medium (0.06), and large
(0.14) (Cohen, 1992). Also, the percentage change of vari-
ables between Rest and Post (1-5 min or 24 h) was calcu-
lated as A (%): (Post - Rest) / Rest x 100) for each study
group. The magnitudes of all effects were assessed using
the standardized effect sizes (ES), where thresholds repre-
senting trivial, small, moderate, and significant effects
were respectively given by <0.2,0.2-0.6,0.6 - 1.2, and 2-
4 times the combined between- subject baseline standard
deviation (SD). The most minor worthwhile change in all
variables was calculated by multiplying the standard devi-
ation for results obtained at rest measures by a small effect
size (i.e., 0.2) to screen for positive and negative respond-
ers within the sample. A priori power analysis was con-
ducted with the program G*Power (Faul et al., 2007). The
repeated measure ANOVA between interactions with an
effect size of at least 0.25, a = 0.05, and 1-f =0.95 gave a
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statistical power of 97.37% and a minimum sample size of
16 subjects.

Results

The results of the variance analysis are presented in Table
1. The analysis revealed significant differences between
the groups and the time (Rest vs Postl-5 min and Rest vs
Post24 h) for PU, T, E, PPT, and RSI (for S, only a signif-
icant effect of the time was found) in response to the DN
session.

DN led to a significant increase in the PU at the
Post1-5 min period (p < 0.001). At the Post-24h, PU de-
creased, but it was still significantly more significant com-
pared to the resting values (p < 0.01). The analysis of var-
iance revealed statistically significant effects of the main
factors, i.e., Group (F = 65.054; p < 0.001), Time (F =
39.01; p < 0.001) and Time X Group interaction (F =
39.198; p < 0.001) on the PU. Based on the percentage
differences in the PU between rest and post-DN calculated
for each of the subjects (Figure 4A), an increase of 58%
(ES = significant) and 20% (ES = moderate) in the eDN
group (differences between Postl-5 min vs. Rest and
Post24 h vs. Rest, respectively), with slight changes (ES =
trivial) in the DN group were observed.

In the eDN group, the T decreased significantly by
11% (ES = large) and 18% (ES = very large) at the Post1-
Smin and Post24 period (p < 0.001), respectively, while no
changes (ES = trivial) were observed in the qDN (Figure
4B). There was a statistically significant difference in the
T between the studied groups at the Post1-5Smin (p < 0.05)
and Post24h (p < 0.001), which was confirmed by a statis-
tically significant interaction effect of Time x Group (F =
25.149; p <.001) on this variable.

The variance analysis revealed a significant effect
of the main factors (Group, Time) and an interaction effect
of Time x Group (F =10.356; p <0.001) on the S. The DN
led to a decrease in the S by 7% (ES = moderate) (p < 0.05)
and 14% (ES = very large) (p < 0.001) at the Post1-Smin
and Post24h, respectively, in the eDN group, while no
changes (ES = trivial) in the S were found in the gDN group
(Figure 4C).

Statistically significant effects of the main factors
(Group, Time) and the Time x Group interaction (F=
15.649; p < 0.001) on the E were found. In the eDN group,
a 6% (ES = moderate) and 12% (ES = large) (p < 0.001)
decrease in the E at the Post1-5 min vs Rest and Post24 h
vs Rest, respectively was found. A slight increase in mus-
cle E in the qDN group (5% - ES = small) was also noted
(Figure 4D). Logarithmic decrement of the muscle’s natu-
ral oscillation equates to increased muscle elasticity due to
its inversely proportional relationship to muscle decrement
(Cohen, 1992).

The analysis of variance also revealed statistically
significant effects of the main factors (Group, Time) and
their interaction Time x Group (F = 67.073; p <0.001) on
the PPT. In the eDN group, a statistically significant (p <
0.001) 14% and 21% (ES = large) increase in PPT at the
Post1-5 min and Post24h, respectively, was observed. A
slight decrease in PPT (-3%) at 1 - 5 min after DN (Figure
4E) in the gDN group was also found.

Statistically significant effects of the main factors
(Group, Time) and their interaction Time x Group (F =
11.659; p < 0.001) on the RSI were revealed. In the eDN
group, a statistically significant 7% (ES = moderate) (p <
0.05) and 12% (ES = large) (p < 0.01) increase in the RSI
at the Postl-5min and Post24h, respectively was observed
(Figure 4F). Only small (ES = small) changes in the RSI
were found in the DN group.

Discussion

Our findings confirm the effectiveness of DN in alleviating
latent TrPs by enhancing blood perfusion (PU), increasing
RSI and PPT, as well as improving all biomechanical prop-
erties of the gastrocnemius muscle—muscle tone and stiff-
ness (decreased after DN) and elasticity (increased after
DN). The DN-induced beneficial changes were maintained
for at least 24 hours. It is especially noteworthy that DN
significantly increased the muscle perfusion, reduced its
tone and stiffness, and improved its elasticity immediately
after using the method, i.e. for 1-5 minutes, which may sug-
gest the possibility of using DN between exercises.

Table 1. Blood perfusion, biomechanical properties, pressure pain threshold and reactive strength index (muscle power) of the
gastrocnemius muscle in the experimental and sham group during Rest and Post-DN period (1-5 min and 24 h).

: ——

Variables groups Rest Post 1-5 minutes 2 41;:)::1“ nl;:)SZ (ili"?euclis :;.lfl;i tlmiffegcl;oul)

U DN 791£073  1241£093fc 93913776 oo 65054 39.01 39.198
gDN  7.5840.65 7.62+0.83 78+08 : <001 <001 <001

— DN I815£187 1613£152fa 14771090 con 12991 23446 25.149
gDN  19.4242.51 19.45 + 2.66 19.48 +2.05 : 002 <001 <001

S [N/m DN 32665775 303.4+5479% 2808+4761F ..o 3.083 13.088 10.356
GDN  354.7+7849 3552+ 77.04 352 +69.9 : 096 <001 <001

e eDN  0.96+0.1 091+0.13 084£01fa oo 5052 3.632 15.649
gDN  0.97+0.08 1.01 +0.08 1.01+0.11 : 037 0.037 <001
eDN  11294+593 12852+567 fc 136.15+ 8.24 ic 28.168  58.631 67.073

PPT[Nfem] N 10733+1116  10425£7.95  107.19+1150 /8% ool <001 <001
eDN  2.10+0.21 224+024%  235+0.15 b 10.323 5.924 11.659

RSI [m/s] gDN 1.98 0.2 1.92+0.24 1.94 +0.22 0414 005 006 <001

eDN — experimental group; qDN — quasi group; PU — perfusion unit; T- uscle tone; S — stiffness; E — elasticity; PPT - pressure pain threshold; RST -

KR

reactive strength index. *,

, I: significant difference between Post 1-5min- or 24h vs. Rest measures (p <.05; p <.01; p <.001 — respectively); a, b,

c: significant difference between groups (p <.05; p <.01; p <.001 — respectively).
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Figure 4. Percent changes in the analyzed indices after 1-5 min and 24 h of DN. eDN - experimental group; qDN — sham group;
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reactive strength index (RSI) / muscle power. Data are adjusted group means (solid dash), plus unadjusted individual percent changes. The
trivial region was determined from the smallest worthwhile change for each variable (0.2 X combined between-subject baseline SD).

The DN effects on blood perfusion have not been
studied well. Here, we observed statistically significant
changes in PU, indicating that DN augmented blood perfu-
sion in the treated area. The development of novel methods
(e.g., near-infrared spectroscopy, NIRS, nuclear magnetic
resonance, NMR) combined with high-fidelity measure-
ment (spatial and temporal) mathematical and kinetic mod-
eling approaches have better resolved the physiology of
elite athletes (Joyner and Casey, 2015). The scientific lit-
erature suggests that increasing the microcirculatory re-
sponse in contracting muscles is necessary to provide ade-
quate conditions for continued exercise and recovery (Tan

etal., 2021). Blood flow to contracting skeletal muscles has
a remarkable ability to adapt to changes in the oxygen con-
tent in arterial blood, which directly affects the efficiency
of muscle work and regeneration (Brunt et al., 2016). Re-
searchers suggest that this increase in muscle blood flow
can minimize the mismatch between oxygen demand and
supply and promote metabolite clearance in the exercised
muscle tissues. Locally released metabolites and ions are
believed to have a dominant contribution to inducing and
controlling the post-exercise blood flow response (Tan et
al., 2021).

Various mechanisms of the DN-induced blood flow
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have been suggested, and the release of vasoactive sub-
stances, such as calcitonin gene-related peptide and sub-
stance P, upon activation of the A-6 and C fibers via the
axonal reflex is one of them (Cagnie et al., 2013; Ohkubo
et al., 2009). The release of vasoactive substances causes
vasodilation of small vessels and improvement in blood
flow. The reflex vasodilation can also be triggered by an
activation of nociceptors (Simons et al., 2002), which can
be stimulated by DN. Cagnie et al. (2013) also demon-
strated that one session of DN augmented the blood flow
and oxygen saturation in the trapezius muscle of healthy
participants, and the DN-induced changes persisted
throughout the 15-minute recovery period. There was no
change in blood perfusion in the regions distant from the
DN site (Cagnie et al., 2013). Similarly, Ohkubo et al.
(2009) found an increase in oxygenation of the DN-treated
region of the trapezius muscle, thus with no blood perfu-
sion changes in the region 3 cm away from the DN site. On
the contrary, Sandberg et al. (2003) found a transient sig-
nificant increase in blood perfusion in the contralateral re-
gion of the DN-stimulated trapezius muscle. However, the
increase was much less than in the DN-stimulated muscle
and was observed only during the initial stage of the post-
DN. The authors suggested that this short-lived improve-
ment in blood perfusion in the contralateral region could
have been a consequence of a sympathetic stress response,
which is consistent with the previously observed short-du-
ration increases in sympathetic nerve activity during needle
manipulation (acupuncture) in healthy participants (Liu et
al., 2015). It has been shown that blood circulation within
TrP is impaired and leads to local hypoxia and reduced
transport of the metabolic products (e.g., CO2, H*, lactate),
consequently leading to muscle fatigue, also increasing the
risk of injury during exercise (Bueno et al., 2022). Hence,
our finding of the improved PU in the latent TrP area seems
to be of significant importance for individuals training in
MMA, where facilitated regeneration and less likelihood of
an injury will be crucial for optimal athletic performance.
We observed a positive effect of DN on muscles T,
S, and E, which has been demonstrated elsewhere (Gattie
et al., 2017; Kietrys et al., 2013; Fernandez-De-Las-Pefias
et al.,, 2021). On the contrary, Baraja-Vegas et al.(2019)
noticed an increase in stiffness (as measured by tensiomy-
ography) and intramuscular edema in the gastrocnemius
muscle. We found that a decrease in response to DN gas-
trocnemius muscle stiffness contributed to the improve-
ment in RSI measured by a drop jump. The relationship
between stiffness and drop jump performance was pre-
sented in the study by Gervasi et al. (2022). The authors
demonstrated that the greater the stiffness (assessed with
MyotonPro as in the current study) of the patellar and
Achilles tendons and quadriceps, gastrocnemius, and rec-
tus femoris muscles at rest, the lower the RSI and drop
jump performance of young male basketball players aged
12-18 years was. The authors also observed that tendons
and muscles stiffness increased with age in the adolescents
and suggested that the extensive training experience of the
players could have affected the level of stiffness. Never-
theless, due to the lack of an untrained control group, a sep-
arate effect of exercise training and maturation could not
be assessed (Gervasi et al., 2022). In another study, Bandy

et al. (2017) evaluated the effects of a single DN therapy
session on the double-leg vertical jumping ability of
healthy asymptomatic (no muscle pain) college students
randomly assigned to an experimental (DN) or a sham
group. Likewise, the DN led to a significant increase in the
vertical jump height compared to the sham group. Athletic
performance improvement in response to DN was observed
in other studies. Haser et al. (2017) found that DN aug-
mented maximal strength of the knee extensors in soccer
players. Additionally, DN significantly increased their
muscular endurance and a range of flex motion in the hip,
which was maintained for four weeks after the treatment.
Schneider et al. (2022) observed that applying DN to latent
TrP within the gluteus medius muscle significantly in-
creased the gluteal muscle strength immediately after the
intervention in males and females aged 18-50 years not ex-
periencing muscle pain (asymptomatic). The DN also re-
duced the level of electromyographic muscle activation re-
quired during force production testing. The authors con-
cluded that latent TrPs have an adverse effect on the
strength of the gluteus medius and its contraction effi-
ciency (Schneider et al., 2022).

Many athletes and their coaches are concerned
about potential DN-induced micro-damages in the skeletal
muscles and nerve fibers. Hence, the therapy is often
avoided, especially in the period between sports competi-
tions. Although there are still no clear protocols for the use
of DN as to the number of injections (Fernandez-De-Las-
Pefias and Nijs, 2019), it should be noted that even needle
penetrations exceeding the norm (greater than 5 for one
TrP) do not cause clinically significant damage.

Domingo et al. (2013) observed that the nerve-end-
ing injury caused by 15 repeated punctures of the muscle
of studied mice regenerated in the post-treatment period.
The authors noted that the reinnervation was completed on
the third-day post-DN and concluded that the repeated
muscle punctures with DN did not interfere with the vari-
ous stages of muscle regeneration in mice. In our study, the
DN technique consisted of fever punctures (i.e., five vs fif-
teen used by Domingo et al. (2013) per one TrP as per-
formed elsewhere (Albin et al., 2020; Fernandez-de-las-
Penas and Dommerholt, 2018). We did not observe any
signs and symptoms indicating a micro-injury, and DN had
a beneficial effect on the biomechanical properties of the
gastrocnemius muscles, including the improvement of RSI.

Also, the PPT increased in response to DN, which
could have been a consequence of a localized contractile
response that often occurs post-DN, interrupting the motor
endplate noises and producing an analgesic effect
(Domingo et al., 2013; Mansfield et al., 2019). There are
many hypotheses describing the mechanisms of the DN-
induced analgesic reactions, with another being the DN-
stimulated release of endogenic opioids (Chou et al., 2014).
An improvement in pain perception is one of the most com-
monly reported benefits of DN (Kietrys et al., 2013); how-
ever, the duration of analgesic effect varies (Baraja-Vegas
etal., 2019). The beneficial changes in pain perception and
pressure pain threshold confirm clinically significant ef-
fects induced by DN (Mansfield et al., 2019; Tsai et al.,
2010).

With our findings of the improvement in PU, bio-
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mechanical properties of the muscles, and pressure pain
threshold in response to DN, we suggest that special atten-
tion should be given to the role of microcirculation in the
deactivation of pain perception and changes in the biome-
chanical properties of muscles (Uemoto et al., 2013).

Limitations

Although the measurement tools used in our study objec-
tify the assessment of DN-induced changes, they have their
limitations. Firstly, the measurement methods did not have
reference values, making interpretation of the observed
DN-induced changes challenging. Secondly, the LDF
method is susceptible and requires following strict proce-
dures. Not adhering to these may lead to misinterpretation
of the observed changes. Thirdly, a placebo effect cannot
be ruled out, as some individuals overly favor the DN ther-
apy, and their expectations of the effects may impact the
results. Also, we did not control for the muscle damage
biomarkers (CK, LDH) to assess the subjects' muscle fa-
tigue level. Another limitation is that the subjects were
young, without evident muscle pain, with latent TrP.
Therefore, the results of the study cannot be directly gen-
eralized to other groups, e.g., older or sick. Finally, our
group consisted only of twenty MMA fighters.

Perspective studies

Future studies should focus on comparing the effects of DN
versus other methods concerned with muscle regeneration
on muscle stiffness, resting tension, or flexibility of a larger
group of participants of different ages, levels of fitness, and
training in various sports disciplines would be interesting
to study.

Practical implications

Our results suggest that using DN during inter-exercise pe-
riods should not pose any concerns for coaches and ath-
letes. It is common knowledge that DN is a suitable method
of eliminating muscle pain, but using this method as inter-
exercise regeneration is not recommended. We confirmed
that a single session can change the biomechanical param-
eters of the muscles, directly improving sports perfor-
mance, which should encourage coaches and physiothera-
pists to include DN in the recovery processes. Additionally,
it should be noted that DN is relatively the fastest method
of affecting the muscles and is important in optimizing re-
covery. Unfortunately, the scientific literature still lacks
clear protocols for the use of DN for specific TrPs in re-
generation, and we would rather use protocols related to
the treatment of muscle pain(Fernandez-De-Las-Pefias and
Nijs, 2019).

Conclusion

We demonstrated that DN leads to an increase in blood per-
fusion of the treated latent TrP site and causes beneficial
changes in the biomechanical properties of the gastrocnem-
ius muscle, i.e., muscle tone, dynamic stiffness, and elas-
ticity, increasing muscle power and, hence, athletic perfor-
mance during a drop jump. In addition, DN has an imme-
diate analgesic effect and, in our opinion, can be used as a
therapy between training sessions. The DN effects were

maintained at 24 h, which suggests that DN could facilitate
muscle recovery in a post-exercise period of MMA ath-
letes. MyotonPRO has been proven to be a reliable tool to
measure the biomechanical properties of the gastrocnemius
muscle in MMA athletes in a non-invasive way.
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Key points

e Latent trigger points in skeletal muscles reduce their func-
tionality, increasing the risk of injury and impairing the
sports performance of martial arts athletes.

o A single dry needling session improves the microcirculation
in the gastrocnemius muscle with latent trigger points
acutely and for at least 24 hours.

o A session of dry needling also improves the biomechanical
properties of the muscle and its power.

e Dry needling shows an analgesic effect.

e Dry needling seems to be effective in facilitating muscle re-
generation, improving athletic performance, and most im-
portantly, it is safe, so mixed martial arts athletes can use it
after training sessions and before competition.

e MyotonPro is a reliable tool for measuring biomechanical
properties of skeletal muscles.

AUTHOR BIOGRAPHY
Robert TRYBULSKI
Employment
Medical Depart. Wojciech Korfanty Upper Silesian Academy,
Katowice, Poland
Degree
PhD
Research interests
Strength training, exercise physiology, recovery in sports
E-mail: rtrybulski@o2.pl
Arkadiusz STANULA
Employment
Laboratory of Sport Performance Analysis, Inst. of Sport Sci-
ences, The Jerzy Kukuczka Academy of PE in Katowice, Poland
Degree
Professor
Research interests
Statistical methods in sports, training theory, exercise physi-
ology
E-mail: a.stanula@awf.katowice.pl
Aleksandra ZEBROWSKA
Employment
Depart. of Physiology, School of Physiological-Medical Sci-
ences, The Jerzy Kukuczka Academy of PE in Katowice, Poland
Degree
Professor
Research interests
Training theory, exercise physiology, kinesiology in sports
E-mail: a.zebrowska@awf.katowice.pl




146

Dry needling therapy and trigger points

Mieszko PODLESNY

Employment

“Salus” Health Center, Stupsk, Poland

Degree

Msc

Research interests

Sports medicine, physiotherapy in sports

E-mail: mieszko.podlesny@gmail.com

Barbara HALL

Employment

Depart. of Physiology, School of Physiological-Medical Sci-
ences, The Jerzy Kukuczka Academy of PE in Katowice, Poland
Degree

PhD

Research interests

Training theory, exercise physiology, kinesiology in sports
E-mail: b.hall@awf katowice.pl

B4 Robert Trybulski, PhD

Faculty of Medicine of the University of Upper Silesia Wojciech
Korfanty, Katowice, Scouts September 37 Street 40-065
Katowice, Poland



