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ABSTRACT

The purpose of this study was to compare the effects of dry nee-
dling (DN) intervention on the responses of muscle tone, stiff-
ness, and elasticity, as well as power, pressure pain thresholds,
and blood perfusion of the flexor carpi radialis muscle in mixed
martial arts (MMA) athletes. Thirty-two trained/developmental
men MMA fighters (25.5 £4.5 years; 24.5+ 3 body mass index)
participated in a randomized crossover study. Participants un-
derwent a single intervention, receiving both DN and placebo.
Laser Doppler flowmetry measured blood perfusion, while a
myotonometer assessed the mechanical characteristics of mus-
cle tone, stiffness, and elasticity of the flexor carpi radialis mus-
cle. Pressure pain thresholds (PPT) were measured using an al-
gometer, and maximal forearm muscle force was measured
using a hand dynamometer. Outcomes were assessed at base-
line, immediately after, and 24 hours and 48 hours post-inter-
vention. A two-way repeated-measures ANOVA revealed sig-
nificant Intervention *Time interaction for all outcomes: perfusion
unit (p<0.001), muscle tone (p<0.001), stiffness (p<0.001),
elasticity (p<0.001), PPT (p<0.001) and maximal forearm mus-
cle force (p<0.001). The current study suggests that a single
session of DN enhances muscle recovery, increases muscle
strength, and improved PPT in MMA athletes. These positive
adaptations appear to last up to 48 hours in some variables.
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Introduction

Mixed Martial Arts (MMA) is a demanding sport combat combin-
ing striking and gripping, characterized by high-intensity efforts,
requiring both high metabolic demands and neuromuscular read-
iness [1]. Although the physical demands of MMA are not yet well
known, keeping the fists tight with small globes (globes are usual-
ly of 4 pounds) for several minutes requires tight and prolonged
isometric muscle contraction of the forearm/hand musculature [2].
In addition, the combination of striking and gripping techniques
involves alternate isometric contractions of this musculature [3].
The forearm muscles play a relevant role in MMA fight [4] by deter-
mining the strength of strikes and, above all, grips and submissions,
particularly chokes [1].

Overload musculature tends to exhibit increased stiffness [5],
which may have clinical consequences such as inhibition of muscle
strength when compared to non-overload muscles [5]. Excessive
strain on skeletal muscles can cause mechanical damage to cell
membranes, activation of inflammatory processes, increased mus-
cle soreness, as well as increased stiffness and muscle tone [6]. De-
spite limited research in this area, it is observed that immediately
after MMA sparring matches, lactate levels significantly increase,
exceeding 15 mmol/L [7]. Further, creatine kinase levels can vary
from 250 U/L before the match to around 400 U/L 48 hours post-
match [7]. Additionally, maximal handgrip strength can experience
asignificant decrease after the match, with impairment persisting
for up to 48 hours, along with handgrip endurance [7].

As a consequence of combat or training, muscle fatigue or over-
load can contribute to the development of myofascial trigger points
(MTrPs) in the most recruited musculature. MTrPs are defined as
“hypersensitive areas located in a taut band of a skeletal muscle
that refers to pain when they are stimulated” [8]. They are typical-
ly characterized as hyperirritable spots within skeletal muscle, often
accompanied by palpable nodules in taut bands. They can be clas-
sified as active (a-MTrPs) or latent (I-MTrPs). An a-MTrP is charac-
terized by both local and referred pain experienced during exami-
nation, while [-MTrPs produce referred pain symptoms solely upon
stimulation and are not necessarily accompanied by pain recogni-
tion during examination [8]. The presence of MTrPs, either a-MTrPs
or |-MTrPs, can lead to changes in biomechanical properties such
as tone, stiffness, and elasticity, of the affected muscle [8]. There-
fore, employing methods to reduce MTrPs can be pertinentin aim-
ing to enhance the well-being of athletes and also promote their
recovery.

Some examples of methods for mitigating MTrPs include man-
ual therapy, trigger pointinjections, dry needling (DN), stretching
exercises, and myofascial release techniques. DN, in particular, is
one of the therapeutic methods used to alleviate MTrPs-related
pain [9], although its actual mechanisms are not completely un-
derstood [10]. The American Physical Therapy Association defined
DN as “skilled intervention using a thin filiform needle to penetrate
the skin that stimulates myofascial MTrPs, muscles, and connective
tissue for the management of neuromusculoskeletal disorders”
[11]. The application of DN has potential effects on the biomechan-
ical properties of the muscle, including reduction of muscle tone
and stiffness, as well as increases in elasticity [12, 13].

The impact of DN on changes in the biomechanical properties
of muscles is not fully understood; however, some authors suggest
measurements of viscoelastic properties could be used to charac-
terize the mechanical effect of DN [14]. One hypothesis is that
MTrPs usually develop due to chronic muscle fatigue and acute or
chronic damage to a muscle, tendon, ligament, joint, or nerve [15].
Consequently, MTrPs may have one or more hypersensitive locus/
loci characterized by a higher concentration of muscle nociceptors.
These loci usually occur mainly near the motor end of the muscle
but can also be found in other areas of the muscle. Sensitive loci
have a specific EMG pattern [15] consisting of spontaneous low-
amplitude discharges superimposed on high-amplitude discharg-
es. This phenomenon is called end-plate noise. DN can change the
amplitude of discharges in the muscle motor end-plate and influ-
ence the sensitivity of receptors.

Although DN has been shown to be effective forimproving pain
sensitivity in sports athletes post-exercise, as demonstrated by
Walsh et al. [16] who observed an increase of 13 % in pressure pain
thresholds (PPT), e. g. decreases in pain sensitivity, compared to
the control group, the efficacy in muscle strength after DN appli-
cation is conflicting [17]. A single study found that the application
of DN improved muscle performance by increasing vertical jump
height in a sample of healthy subjects [18]. Furthermore, a study
conducted on soccer players revealed that DN significantly bene-
fited the improvement of muscular endurance and hip flexion range
of motion [19]. Similarly, in handball players, DN was significantly
effective in improving range of motion [20]. However, most pub-
lished studies on athletes reveal no effect of DN on force produc-
tion [21].

Scientific evidence suggests that the upper limbs of MMA ath-
letes are particularly susceptible to musculoskeletal pathologies,
including the formation of MTrPs. The repetitive stress endured by
muscles and fascia during MMA training can lead to microtrauma,
inflammation, and the subsequent development of MTrPs [8]. Ad-
ditionally, the dynamic nature of MMA fights necessitates frequent
engagement in explosive movements, intensifying muscle fatigue
and tissue damage in the upper limbs [22]. These factors collec-
tively contribute to the onset of MTrPs, which can impair muscle
function, diminish range of motion, and predispose athletes to
chronic pain and injury. Hence, prioritizing practices such as DN
aimed at mitigating the impact of MTrPs on the well-being and
functionality of these athletes is of paramount importance.

Since current research on the application of DN in sports ath-
letes is limited [23] and the majority of studies concentrate on low-
er-extremity muscles, there is a prevailing tendency to primarily
report on pain perception, thereby overlooking evidence concern-
ing the biomechanical and muscle properties affected by DN. Ad-
ditionally, there is a scarcity of integrative studies that incorporate
a more comprehensive overview of outcomes, combining those
associated with pain, muscle properties, muscular functionality,
and force. A comprehensive analysis of the potential effects of DN
on the functionality and biomechanical properties of athletes can
be particularly relevant for understanding the mechanics influ-
enced by the intervention. Moreover, it can establish a concrete
understanding of how and for what purpose DN may be utilized in
the context of sports recovery.
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With the intention of addressing gaps in research on DN and in-
troducing an innovative approach to MMA, an area still expanding
within sports sciences (with over 280 results found on PubMed for
the term "Mixed Martial Arts” between 2004-2023, 66 % of articles
published in the last 5 years), particularly lacking in recovery strat-
egies post-exercise [24, 25], we aimed to conduct a randomized
crossover clinical trial. This study investigated the effect of DN on
the biomechanical properties (muscle tone, stiffness, elasticity),
maximum forearm muscle force, PPT, and blood perfusion of the
flexor carpi radialis muscle in MMA athletes immediately after the
intervention and at 24- and 48-hours post-intervention. We hy-
pothesized that DN in an MTrPs area inducing local twitch response
(LTRs) can beneficially affect the muscle tone, stiffness, elasticity
of the flexor carpi radialis muscle, reduce the PPT, and increase max-
imum forearm muscle force in this population. This assumption is
based on findings from studies conducted in other sports and body
regions [26, 27]. Our study findings will contribute to a better un-
derstanding of the relationship between LTR and biomechanical
properties of the muscle and local ischemia associated with I-MTrPs
and their adverse effect on the athletic performance of MMA ath-
letes.

Materials and Methods

Study design

This is a single-blind randomized, cross-over study with repeated-
measures. All participants were randomly assigned (simple rand-
omization 1:1 using randomizer.org) to either begin with the DN
intervention (n=16) or start with the placebo intervention (n=16)
prior to any assessment. Participants were unaware of their as-
signed intervention. Each subject received both interventions sep-
arated at least 14 days apart as a wash-up period. Study participants
were asked to refrain from training for 48 hours before and after
the intervention. Sub-groups were created based on the presence
or absence of LTR during the intervention study. Allocation con-
cealment was ensured by randomizing the participants to each of
the interventions before commencing the first round of assess-
ments.

The following measurements were taken at baseline, immedi-
ately-post (measured 1-5 minutes after DN, at 24th and 48th hours
post DN (Post 24 h/48 h): blood perfusion described in non-refer-

Allocated to DN group
(n=16)

Enrollment

Assessed for elegibility —— Randomized (n=32)
(n=32)

Allocated to control group
(n=16)

Excluded (n=0)

> Fig. 1 Flowchart of the study.

ence units, muscle tone Hz], stiffness [N/m], elasticity (E- [arb- rel-
ative arbitrary unit), PPT ([N/cm]), and maximum forearm muscle
force (Fmax [N]). The measurements were taken by trained physi-
otherapists in the following order: (i) perfusion unit, (ii) tone, (iii)
stiffness, (iv) elasticity, (v) PPT and (vi) Fmax. All participants were
tested between 10 am - 12 pm at the Provita Medical Centerin Po-
land.

Convenience sampling was utilized for participant recruitment.
The recruitment process involved inviting MMA academies in the
region through individual communication with the academy mas-
ter and administration, followed by announcing the study to the
fighters associated with those academies. The research study was
approved by the ethics committee at the National Council of Phys-
iotherapists (consent No. 26/2022 of January 12, 2023) and regis-
tered as a clinical trial (ISRCTN10378682). The study was carried
out by the Declaration of Helsinki. After being informed about the
risks and benefits associated with participation in the study, par-
ticipants signed a voluntary informed consent form.

Participants

A priori power analysis was conducted using the G*Power 3 pro-
gram. The analysis employed repeated measures ANOVA with an
effect size of atleast 0.25, a=0.05, and 1-f=0.95 gave a statistical
power of 97.37 % and a sample size of a minimum of 16 subjects.
Although only 16 athletes were required, we aimed to recruit more
in order to prevent reductions in the sample size. Out of those avail-
able, we included 32 athletes, surpassing the necessary recommen-
dation of 16 athletes. This exceeded level of acceptability also
serves to mitigate the typical dropout rate observed in experimen-
tal studies.

After determining the required number of participants, the re-
cruitment process began (> Fig. 1). Once participants expressed
theirinterest in participating, they were assessed for eligibility cri-
teria. The inclusion criteria included: (i) not having sustained mus-
culoskeletal injuries or lesions or unspecified skin and myofascial
lesions in the 4 weeks prior to the intervention; (ii) not being in-
volved in competitions/tournaments during the experimental pe-
riod, to prevent heterogeneous scenarios between athletes; (iii)
abstaining from drugs, alcohol, or other illegal substances during
the experimental period; (iv) being available for all assessment mo-
ments and interventions; (v) having at least five years of experi-
ence, with reqular training occurring at least four times a week; (vi)

Allocation Analysis

Cross-over to control
group (n=16)

Analyzed (n=32)

Cross-over to DN group
(n=16)
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showing a blood pressure (< 140/90 mm Hg) before examination;
(vii) not having a tattoo in the test area. Exclusion also occurred in
the case of needle phobia, extreme fatigue of the subject, fever, in-
fection, nickel allergy, or refusal to participate in the study. Upon
enrollment, participants exhibited neither active nor passive MTrPs
that were recognized. Diagnosis was conducted via palpation, em-
ploying the methodology established in scientific literature, and
focused on the dominant forearm.

Participants were required to avoid strenuous exercise for
48 hours before the study and refrain from training for 24 hours be-
fore. Additionally, to ensure accurate measurements of perfusion
units, each participant was instructed to refrain from consuming
ergogenic drinks 4 hours before the study.

After recruitment and matching against the eligibility criteria,
32 trained/developmental men MMA fighters aged 18 to 40 were
included in the study (mean age: 25.5+4.5 years, BMI: 24.5+3.0kg/
m?2, training experience: 10.3 +5.0 years). Participants engaged in
three to four training sessions per week, focusing on preparing for
competition. Their fight record (minimum 5) was publicly docu-
mented (mmapolska.org).

Interventions

The intervention included a familiarization phase that occurred 14
days before the study began. During this phase, participants were
introduced to the dry needling DN protocol and its meaning, al-
though they were not informed about which intervention they
would be part of during the intervention stage. The familiarization
session consisted of performing a single DN session in the FCR mus-
cle of the dominant hand in a standard position. A maximum of
three needle punctures were made without damaging the skin. The
intervention was performed on Monday. Due to training plans, this
is the most favorable day to conduct MMA research.

The most expanded DN approach used for the management of
MTrPs is the “fast in, fast out” approach described by Hong [28].
An important topic of debate regarding this approach is the hy-
pothesis that DN is more effective if a LTR is elicited during the pro-
cedure [28]. The LTRis characterized by an involuntary contraction
of the taut band upon mechanical stimulation with a needle or pal-
pation of the MTrPs area [28]. The technique was originally de-
scribed as inserting the needle into the MTrPs area to provoke as
much as LTR can elicit. The use of needle forcing to induce single
or multiple LTRs until exhaustion has been questioned [29]. The
only existing meta-analysis investigated the relevance of the LTR
found low-level evidence, suggesting an immediate effect of DN
interventions inducing LTRs on pain intensity without any effect on
related-disability or sensitivity to pressure pain in MTrP-associated
spinal pain disorders [30].

DN was carried out in a standardized supine position, with the
feet hanging freely off the table. In the experimental intervention,
sterile needles (0.30 x 30 mm; Soma; Japan) were used. Each punc-
ture was made with one needle for one MTrPs, and elicited LTRs
were monitored. TrP was defined as the presence of a palpable,
painful spot in the taut band, approximately 7 cm below the cubi-
tal fossa, in the flexor carpi radialis muscle of the dominant hand.
As per the scientific literature, the flexor carpi radialis was assessed
and treated owing to its convenient direct accessibility and its cru-
cial role in forearm exercises within MMA training [1]. The measur-

> Fig. 2 FCR assessment point.

ing part is marked with a marker. A line was drawn connecting the
styloid process with the medial epicondyle of the humerus, defin-
ing a perpendicular line extending 7 cm from the epicondyle
(7.5+0.5cm) (> Fig. 2). An experienced therapist (a DN instructor
with more than 5 years of clinical practice) performed an average
of five punctures in the area of the MTrPs without removing the
needle from the skin. If an LTR was not observed after five punc-
tures, insertions were stopped. The entire procedure lasted from
15 to 30seconds for one MTrP. The scientific literature lacks con-
sensus regarding the precise number of punctures during DN ther-
apy, with the suggested needle insertions for locating latent trig-
ger points ranging from 5 to 15. We opted to limit it to a maximum
of five insertions because we did not track individual participant
averages, as it was not within the scope of our research objectives.
Moreover, we aimed to prevent excessive muscle trauma from an
excessive number of needle insertions, which could potentially dis-
rupt the accuracy of our measurements.

A register of side effects was maintained, with six participants
reporting moderate pain and burning during the DN procedure. In
the event of a burning sensation, the procedure was stopped, and
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> Fig. 3 Telescopic needle — sham therapy.

the puncture site was changed. After the DN, a 5-second ischemic
compression was applied to reduce the unpleasant sensations.

The placebo intervention for the control group used a quasi-
needle (gDN) that did not pierce the skin. This quasi-needle,
equipped with a spring and used in a particular technique, could
produce a similar sensation to the needle used in DN (> Fig. 3). It
isimportant to note that the needle used in the placebo interven-
tion was blunt [31]. During the intervention for both groups, par-
ticipants were instructed to refrain from observing the interven-
tion site, thus making it challenging to discern the insertion of the
dry needle or quasi-needle stimulation.

Physical assessments

Athletes were evaluated after a 48-hour rest period from their last
training session. The tests were conducted between 9:00a.m. and
12:00 p.m. at the Provita Medical Center, where the temperature
was maintained at 22 °C. Consistent conditions were maintained
throughout the evaluation to prevent heterogeneity. Participants
began by completing a questionnaire regarding study consent and
health information. Measurements were performed at rest (Rest),
1-5 minutes after DN intervention (Post 1-5min) and 24 and
48 hours after DN (Post 24 h/48 h) in the following order: blood per-
fusion described in non-reference units (PU), muscle tone (T-[Hz]),
dynamic stiffness (S-[N/m]), elasticity (E-[arb]), PPT ([N/cm]) and
isomeric muscle (Fmax [kgf]). According to the manufacturer’sin-
formation (https://www.myoton.com/technology/), the values of
the biomechanical properties of muscles are expressed in logarith-
mic units. Measurements were performed by trained physical ther-
apists in the following order: (1) PU, (2) T, (3) S, (4) E, (5) PPT, and
(6) Fmax. The primary outcomes considered were the perfusion
unit and the tone, the stiffness, and the elasticity of the flexor carpi
radialis muscle.

Perfusion unit (PU)

Laser Doppler flowmetry (LDF) was performed using a Perimed de-
vice (PeriFlux 6000 Combined System, Stockholm, Sweden). The
measurement was made using a probe placed on the skin at the
measurement site of the emitting probe laser light, and blood sup-
ply was recorded. The measurement depth was set at 2.5mm and
the volume at 1 mm3. The entire measurement procedure lasted
2 minutes and followed standard recommendations [32]. The LDF
method, thanks to its repeatability, high sensitivity, and non-inva-
siveness, allows for a precise assessment of microcirculation at rest
andin response to a physical stimulus [33]. Laser Doppler flowme-
try is a standard technology used to access microcirculatory func-
tion in vivo [34]. Better sensors and more effective wireless com-
munication are generating major interest among scientists and cli-
nicians in the use of LDF. Currently, LDF is the gold standard in the
assessment of microcirculatory reaction, demonstrating great sen-
sitivity and repeatability of measurements [34]. The outcome ob-
tained was the perfusion unit.

Mechanical properties

Mechanical properties, i. e. tone, stiffness and elasticity of the flex-
or carpi radialis muscle was assessed using a hand hold myotonom-
eter (MyotonPRO, AS, Myoton Ltd, Estonia 2021). The devices have
undergone prior testing, confirming their validity and reliability in
measuring the outcomes of the current study [35].

The pre-pressure (0.18 N) was first applied through the probe
to the surface compressing the tissue underneath. A mechanical
impulse (0.4 N, 15ms) is then released by the device, deforming the
tissue for a short time period [36]. The device evaluates the state
of the resting T based on the oscillation frequency of a muscle in a
resting state (silent EMG signal) [37]. The term “silent EMG signal”
refers to the frequency of oscillations that characterize the tension
of superficial skeletal muscles at rest, occurring without voluntary
contraction. 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 de-
scribes the tissue elasticity [37]. Elasticity, a biomechanical prop-
erty of soft tissues, dictates their capacity to revert to their initial
shape following deformation. It relies on various factors, including
the properties of actin-myosin cross-bridges, pivotal in force gen-
eration processes. Muscle elasticity was quantified in NaN, tone in
Na Hz, and stiffness in N/kg, serving as the extracted outcomes for
subsequent data analysis. Muscle stiffness denotes the resistance
of soft tissues to deformation. Reduced stiffness in the tendon re-
flects muscle characteristics. The scientific literature further ac-
knowledges that low muscle stiffness can heighten the risk of inju-
ry and disrupt movement patterns [38].

Pressure pain threshold (PPT)

The PPT was measured using an algometer (FDIX, Wagner Instru-
ments, Greenwich, CT, USA 2013). Pressure Pain Threshold (PPT)
refers to the minimum amount of pressure applied to a specific
body area that causes pain or discomfort. It is commonly used in
clinical assessments to assess pressure sensitivity, which can ob-
jectify pain assessment and monitor changes in pain perception
over time. Participants underwent three compression tests with a
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> Table 1 Comparison of results for variables recorded before intervention.

Variables eDN qDN A (eDN - qDN) P-value (£95 Cl)

PU 10.44+0.56 10.08+0.61 0.35 0.059 (-001; 0.72)

T [Hz] 18.68+1.01 17.82+0.83 0.85 0.005 (0.27; 1.43)

S [N/m] 326.60+46.27 319.19£45.12 7.41 0.607 (-021.50; 36.28)
E [arb] 0.99+0.06 1.00£0.08 -0.01 0.627 (-005; 0.03)
PPT [N/cm)] 91.17+5.02 94.21+3.64 -3.04 0.032 (-05.80; -2.23)
Fmax [kgf] 35.33£2.15 35.28+2.68 0.05 0.944 (-01.49; 1.59)

Note: PU - perfusion unit; T, S and E - tone, stiffness and elasticity of the flexor carpi radialis muscle (respectively); PPT - pressure pain threshold;

Fmax - maximal forearm muscle force.

> Table 2 Intra-class correlation test, standard error of the mean and

minimal detectable change for all studied variables.
Variables ICCi1 4 [95 CI] SEM MDCys
PU 0.86 [0.72-0.94] 0.262 0.726
T [Hz] 0.88 [0.77-0.95] 0.305 0.845
S [N/m] 0.99 [0.99-1.00] 4.169 11.555
E [arb] 0.75 [0.53-0.89] 0.034 0.094
PPT [N/cm] 0.89[0.78-0.95] 1.494 4.140
Fmax [kgf] 0.98 [0.96-0.99] 0.365 1.011

Note: ICC - intraclass correlation coefficient; SEM - standard error of
measurement; MDC — minimal detectable change; PU - perfusion
unit; T, S and E - tone, stiffness and elasticity of the flexor carpi
radialis muscle (respectively); PPT - pressure pain threshold; Fmax

- maximal forearm muscle force.

probe (parameters: r=4mm) applied to a specific tissue area (mm).
The force value (in kg or N/cm?) was calculated as the average of
the three measurements and digitally displayed. If a significant de-
viation in the measured value occurred, the device signaled the
need to repeat the test. Pressure was increased until the stimulus
became unpleasant for the participant. This instrument is widely
used to assess myofascial pain and various musculoskeletal diseas-
es, demonstrating high repeat measurement reliability [39].

Maximal forearm muscle force (Fmax)

The maximal forearm muscle force (Fmax) was measured using a
Digital Hand Dynamometer Grip Strength Tester (EH106, China).
The measurement was performed in a standing position with the
arms hanging freely. The maximum forearm muscle force expressed
in kg was calculated. The grip strength test consisted of a 5-second
contraction of the forearm muscles on the dynamometer. Before
the test, each participant performed a warm-up consisting of 10
times the maximum pressure of a small ball, followed by 10 sec-
onds of the forearm muscles [40]. Grip dynamometry is a reliable
and repeatable measure of hand strength. It is a general indicator
of combined external and internal hand strength that does not re-
spond directly to changes in the strength of isolated internal hand
components. The best trial, identified from the attempts, was se-
lected for further data analysis.

Statistical analysis

The statistical procedures were selected to calculate the means and
standard deviations (SD). The normality of all datasets was checked

and confirmed using the Shapiro-Wilk test (p>0.05). A two-way
repeated-measures ANOVA with the Intervention (experimental,
placebo) and Time (baseline, immediately-post Post 24 h, Post 48 h)
was used to assess differences in perfusion unit, muscle mechani-
cal properties, PPT, and Fmax. Results corrected by the Green-
house-Geisser procedure were used if Mauchly’s sphericity assump-
tion was violated. To determine the intra- and inter-intervention
differences, post hoc Bonferroni tests were used. The level of sig-
nificance was set at p < 0.05. Partial eta squared (np 2) for ANOVA
was used to estimate an effect size with the following classification:
small (0.01), medium (0.06), and large (0.14) [41].

To determine the between-interventions differences separated
by the presence or absence of the LTR, the t-test for independent
samples was used, and solute and percentage differences were also
calculated. The magnitudes of all effects were assessed using the
standardized effect sizes (ES), where thresholds representing triv-
ial (<0.2), small (0.2-0.6), moderate (0.6-1.2), large (1.2-2.0),
and very large (>2.0) [41]. Furthermore, the Minimal Detectable
Change (MDC) was calculated to determine whether the observed
effects are clinically significant. All statistical computations were
performed using STATISTICA software version 13 PL (TIBCO Soft-
ware Inc., Palo Alto, CA, USA, 2017) fora p<0.05.

Results

» Table 1 presents comparative characteristics the perfusion unit,
mechanical properties and PPT of the flexor carpi radialis muscle
as well as maximal forearm muscle force registered before inter-
vention in the eDN and qDN groups.

» Table 2 presents the calculated MDC values and the statistics
on which they are based (ICC, SEM) for the perfusion unit, mechan-
ical properties and PPT of the flexor carpi radialis muscle as well as
maximal forearm muscle force.

» Fig. 4 shows mean = standard deviation of the perfusion unit,
mechanical properties, and PPT of the flexor carpi radialis muscle,
as well as maximal forearm muscle force at baseline, immediately
after, and at 24 and 48 hours post-DN.

The repeated-measures ANOVA revealed a significant Interven-
tion x Time (Fy g3, 65.52=52.54, p<0.001, np?=0.57) interaction for
the perfusion unit: the perfusion unit significantly increased imme-
diately after, at 24 and 48 hours post DN in experimental interven-
tion compared to the placebo intervention (p<0.001, > Fig. 4a).
The highest PU value in the eDN group was recorded immediately
afterintervention (15.33 £2.48), and the difference, compared to
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> Fig. 4 Descriptive statistics of the outcomes were analyzed both before and after the interventions. Perfusion unit (a), muscle tone (b), stiffness
(c), elasticity (d), pressure pain threshold (e), and maximal force (f) for dry needling (eDN) and control (qDN). ns: no significant; between-condition
differences; points on the graphs filled with red color represent significant differences at the p<0.001 compared to the Baseline.

the pre-intervention value (A= -4.90 [95 Cl: -5.97; -3.82],
p<0.001) in relation to MDC, can be considered clinically signifi-
cant.

Similarly, the ANOVA revealed significant Intervention % Time in-
teractions for muscle tone (F(1.77;63.97)= 52.5, p<0.001, np2=0.57),
muscle stiffness (F(; 61, 62.84)=27.49,p<0.001, np2=0.41) and mus-
cle elasticity (F5.19.85.47 =15.01, p<0.001, np% =0.28): muscle tone
decreased from baseline to 48 hours after within the DN interven-
tion (p<0.001) (> Fig. 4b), whereas muscle stiffness (> Fig. 4c) and

muscle elasticity (> Fig. 4d) decreased immediately-, 24- and 48-
hours post DN in experimental intervention compared to the pla-
cebo intervention (all, p<0.001). In the eDN group, the most sig-
nificant differences were observed 48 hours after the intervention
compared to pre-intervention measurements for muscle tone,
muscle stiffness, and muscle elasticity. These differences were:
A=3.34Hz(95%Cl: 2.77;3.91,p<0.001), A=58.00N/m (95 % Cl:
41.89;74.11, p<0.001), and A=0.16 arb (95 % Cl: 0.12; 0.20,
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> Table 3 Results of comparison of subjects with the LTR effect (Yes) and without the effect (No).

Variable LTR : Yes LTR : No Difference (%) P-value Effect size (rating)
PU : Rest 10.55+0.56 10.3+0.55 0.25 (2.3%) 0.339 0.44 (Small)

PU : Post 1-5 17.12£1.65 13.14%1.21 3.97(23.2%) <0.001 2.70 (Very large)
PU : Post 24 16.43+1.73 13.21£2.1 3.22(19.6%) 0.001 1.69 (Large)

PU : Post 48 15.98+1.76 12.62+2.29 3.36 (21.0%) 0.002 1.67 (Large)

T: [NaHz] Rest 19.07+1.02 18.19+0.79 0.88 (4.63%) 0.048 0.96 (Moderate)
T:Post1-5 17.28+0.89 17.41+0.46 -0.13(-0.8%) 0.700 0.18 (Trivial)

T: Post 24 16.28+0.83 16.01+0.93 0.27 (1.7 %) 0.499 0.31 (Small)

T: Post 48 15.5£0.73 15.13+0.89 0.37 (2.4%) 0.325 0.45 (Small)

S : [NaHz] Rest 340.5+49.32 309.7+38.17 30.79(9.0%) 0.143 0.69 (Moderate)
S:Post 1-5 310.5+58.42 285.4+33.41 25.01(8.1%) 0.270 0.51 (Small)

S : Post 24 298.6+57.97 273.2£33.13 25.41(8.5%) 0.259 0.52 (Small)

S : Post 48 277.7+53.25 257.4+33.69 20.28 (7.3%) 0.336 0.44 (Small)

E: [NaN] Rest 0.99+0.06 0.98+0.05 0.01(1.1%) 0.672 0.19 (Trivial)
E:Post1-5 0.91+0.06 0.9+0.02 0.01(0.9%) 0.700 0.18 (Trivial)

E: Post 24 0.86+0.05 0.84+0.03 0.02 (2.4%) 0.299 0.48 (Small)

E: Post 48 0.84+0.05 0.82+0.03 0.02 (2.2%) 0.336 0.44 (Small)
PPT : [N/cm2] Rest 91.8+6.05 90.4+3.59 1.4 (1.5%) 0.550 0.27 (Small)
PPT : Post 1-5 97.7+8.79 97.0+3.98 0.73 (0.7%) 0.822 0.1 (Trivial)
PPT : Post 24 103.2+8.43 103.5+4.2 -0.34(-0.3%) 0.913 0.05 (Trivial)
PPT : Post 48 106.3+8.88 106.4+4.44 -0.08 (-0.1%) 0.982 0.01 (Trivial)
Fmax : [N/cm] Rest 36.25+2.01 34.21+1.84 2.03 (5.6 %) 0.031 1.05 (Moderate)
Fmax : Post 1-5 37.02+1.97 35.16+1.73 1.86 (5,0%) 0.039 1.00 (Moderate)
Fmax : Post 24 36.37+2.2 34.61+1.63 1.76 (4,8%) 0.062 0.90 (Moderate)
Fmax : Post 48 37.99+1.86 36.72+1.38 1.27 (3,3%) 0.106 0.76 (Moderate)
Note: LTR - local twitch response; PU - perfusion unit; T, S and E - tone, stiffness and elasticity of the flexor carpi radialis muscle (respectively); PPT
- pressure pain threshold; Fmax — maximal forearm muscle force.

p<0.001), respectively. Based on the MDC, these results can be
considered clinically significant.

The ANOVA also revealed a significant interaction Interven-
tion x Time for PPT (F(.05; 70.77y=51.85, p<0.001, np?>=0.57) and
maximal forearm muscle force (F(;.05; 79.77)=51.85, p<0.001,
np?=0.57): PPT increased from baseline to 24 hours after interven-
tion just within the DN intervention (p<0.001, > Fig. 4e), whereas
maximal forearm muscle force increased immediately after justin
the experimental intervention (p<0.01, » Fig. 4f). In the eDN
group, the most significant differences were observed 48 hours
after the intervention compared to pre-intervention measure-
ments for PPT and maximal forearm muscle force, with
A=-15.16N/cm (95% Cl: - 18.05; - 12.26, p<0.001) and
A=-2.09kgf (95% Cl: —2.80; - 1.38, p<0.001), respectively. Rel-
ative to the Minimal Detectable Change (MDC), these results can
be considered clinically significant.

> Table 3 shows mean £ standard deviation of the perfusion
unit, mechanical properties and PPT of the flexor carpi radialis mus-
cle, as well as maximal forearm muscle force according to the pres-
ence or absence of LTR. The t-test for independent samples showed
significantly greater perfusion unitimmediately- (23.7 %; p<0.001;
ES=2.7, very large), 24 hours (19.6 %; p=0.001; ES=1.69, large),
and 48 hours post (21.0%; p=0.002; ES=1.67, large) when LTRs
were obtained. Moreover, we observed significantly greater differ-

ences in muscle tone range at baseline in the intervention with LTR
(4.6 %; p=.048; ES=0.96, moderate). Furthermore, significantly
greater maximal forearm muscle force was observed at baseline
and immediately-post DN in LTR (5.6 %; p=0.03; ES=1.05, moder-
ate and 5.0 %; p=0.039; ES=1.0, moderate, respectively).

During the interventions, three reports of pain were recorded:
one during, one of headache, and one of tingling afterward. No in-
stances of bleeding were registered.

Discussion

Our study revealed that DN significantly surpassed the control in-
tervention in the perfusion unit, mechanical properties, e. g. mus-
cle tone, stiffness and elasticity, and PPT over the flexor carpi radia-
lis muscle, as well as maximal forearm muscle force, thereby enhanc-
ing conditions and exhibiting superiority over non-intervention.
We observed that DN was able to enhance blood perfusion, in-
crease isometric strength, and raise pain threshold (mechanical hy-
poalgesia) as well as to improve the biomechanical properties of
the radial wrist flexor muscle by decreasing muscle tension and
stiffness and increasing flexibility as compared to the placebo in-
tervention. The positive changes induced by DN persisted from 24
to 48 hours, depending on the outcome.
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Notably, we can also highlight the effect of LTR, which remains
somewhat questionable in the scientific literature. In our study, LTR
demonstrated a specificimpact on tissue perfusion at all time pe-
riods after DN. Isometric muscle strength also exhibited significant
results in those participants where LTR was elicited during DN, with
the most significant changes observed immediately after DN
(1-5min). However, the effects of LTR on other variables such as
pressure pain sensitivity, tension, stiffness, and flexibility, were not
significant.

Perfusion unit

The effect of DN on blood perfusion is not commonly investigated
[22]. We observed significant changes in PU, which indicated that
DN increases blood perfusion in the treated area. These results align
with a previous experimental study conducted on the gastrocne-
mius muscle [22]. Various mechanisms including release of vaso-
active substances such as calcitonin gene-related peptide and sub-
stance P following activation of A-6 and C-fibers via the axonal re-
flex have been suggested for DN-induced blood flow [42]. In fact,
the release of vasoactive substances causes small vessels to dilate
and improves blood flow. Reflex vasodilation can also be triggered
by the activation of nociceptors [43], which can be stimulated by
DN.

Cagnie et al. also showed that a single session of DN increased
blood flow and oxygen saturation in the quadriceps muscle of
healthy participants, and DN-induced changes persisted through-
out the 15-minute recovery period [42]. No changes in blood per-
fusion were observed in areas distant from the DN site [42]. Simi-
larly, Ohkubo et al. found an increase in oxygenation of the DN-
treated area of the quadriceps muscle [44], and therefore no
change was seen in blood perfusion in the area 3 cm away from the
DN site.

On the contrary, a previous study [45] found a transient, signif-
icant increase in blood perfusion in the opposite area of the DN-
stimulated quadriceps muscle. However, the increase was much
smaller than in DN-stimulated muscles and was observed only dur-
ing the initial post-DN phase. The authors suggested that this short-
term improvement in blood perfusion in the contralateral area may
have been a consequence of the sympathetic stress response,
which is consistent with the previously observed short-term in-
crease in sympathetic nerve activity during needle manipulation
(acupuncture) in healthy individuals [46]. iang et al. analyzed the
phenomenon of local muscle hypoxia and microcirculation disrup-
tion in MTrPs, which, on the one hand, interferes with the excretion
of metabolic products (e.g. CO2, hydrogen ions, lactate) and, on
the other hand, impedes the supply of substances necessary for
muscle work [47].

It has been hypothesized that sensory nerve endings act as met-
abolic receptors, and their stimulation by-products of cellular me-
tabolism can lead to excessive stimulation of the sympathetic nerv-
ous system [48] - the phenomenon of sensitization of the MTrPs
area [46]. Blood circulation in the MTrPs area is impaired, leading
to hypoxia and reduced transport of metabolic products (e. g. CO2,
H*, lactate), which consequently leads to muscle fatigue [49].
Therefore, our finding of improved PU in a latent MTrPs appears to
have important implications for MMA trainees, where facilitated
recovery and reduced likelihood of injury will be crucial for optimal

athletic performance. It should be noted that the most significant
changes of all measured variables occurred precisely in perfusion,
at the site of needling, and in elicitation of the LTR response [28].

Biomechanical properties

We observed a positive effect of DN on muscle in terms of biome-
chanical properties such as tone, stiffness, and elasticity, between
the placebo and experimental interventions. Others have also
shown similar results [9, 50]. There is evidence in the scientific lit-
erature that excessive muscle tension and impaired muscle elastic-
ity can cause injury or worsen sports performance [51, 52]. For this
reason, studies evaluating the effects of DN, a rapid method for lev-
eling these changes, are clinically relevant.

However, it should be noted that when comparing the sub-in-
tervention with and without LTR on tone, stiffness and elasticity,
the lack of twitch response did not significantly affect the magni-
tude of the change. The stiffness score produced a moderate/small
effect, the others were small and insignificant. Baraja-Vegas et al.
even observed an increase in stiffness (measured by tensiomyogra-
phy) with the presence of intramuscular edema in latent MTrPs in
the medial gastrocnemius muscle [53]. Our results suggest that
reducing the stiffness of the test muscle in response to DN could
explain to the improvement observed in maximal muscle strength.
Gervasi et al. showed that the higher the stiffness (as assessed using
MyotonPro as in the current study) of the patella and Achilles ten-
dons, as well as the quadriceps, gastrocnemius calf muscles, and
rectus femoris muscle at rest, the lower the relative strength index
and fall jump performance in young male basketball players [54].
The authors also observed that tendon and muscle stiffness in-
creased with age in adolescents and suggested that the players’
extensive training experience may have influenced stiffness levels.
However, due to the lack of an untrained control group, the sepa-
rate effect of physical training and maturation could not be as-
sessed [54].

Muscle strength

Our results indicated that DN had a significant positive effect on
maximal forearm muscle force. Bandy et al. evaluated the effect of
asingle DN therapy session on vertical jumping ability on both legs
in healthy asymptomatic (no muscle pain) college students [18].
Similarly, DN led to a significant increase in vertical jump height in
DN compared to the sham intervention. Other studies have ob-
served improved athletic performance in response to DN. Haser et
al. found that DN increased maximum knee extensor strength in
soccer players [19]. Further, DN increased muscular endurance and
hip flexion range of motion, which was maintained for 4 weeks after
treatment [19]. Schneider et al. observed that the application of
DN to latent MTrPs in the gluteus medius muscle significantly in-
creased gluteal muscle strength immediately after the interven-
tion in asymptomatic individuals [55]. DN also reduced electromy-
ographic muscle activation required during force generation tests.
The authors concluded that latent MTrPs hurts the strength of the
gluteus medius muscle and the effectiveness of its contraction [55].

Pressure pain sensitivity

Our findings suggest a mechanical hypoalgesic effect, as indicated
by the increase in PPT following DN. These results are consistent
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with previous studies highlighting the potential benefits of DN in
modulating pain sensitivity [22, 56].

The physiological mechanism underlying this effect remains
vague, with various hypotheses proposed. Current speculation re-
garding the mechanisms of DN encompasses both segmental and
central processes [57]. One plausible explanation lies in the ability
of DN to stimulate the release of endogenous opioids, such as en-
kephalins and endorphins [58]. These compounds bind to opioid
receptors within the central nervous system, exerting an inhibito-
ry effect on pain transmission and perception [59].

The insertion of needles may activate descending pain modula-
tion pathways, including the periaqueductal gray and rostral ven-
tromedial medulla [42]. These pathways release neurotransmitters
such as serotonin and norepinephrine, which act to attenuate pain
signals at the level of the spinal cord [60]. Collectively, these neu-
rophysiological responses may contribute to an increase in PPT,
thereby reducing sensitivity to pressure-induced pain.

Local twitch response

In a systematic review of the literature, Perreault et al. included
RCTs providing insights in the neurophysiological mechanisms of
MTrPs-DN and assessing the clinical significance of LTR [29]. They
identified studies whose results suggested a beneficial pain effect
in groups with LTR and where eliciting LTR provided very little ben-
efit [29]. This hypothesis has been confirmed by a meta-analysis
showing low-quality evidence in favor of eliciting LTRs [30]. In ad-
dition, it appears that the number of needle insertions during punc-
ture at a single insertion site positively correlates with the level of
post-needling soreness, increased levels of inflammation within
the muscle fibers, and mechanical trauma at or near the neuromus-
cular junction [61]. It should be noted that studies on an animal
model seem to contradict this hypothesis of damage and inflam-
mation through excessive insertions [62]. In addition, the DN tech-
nique using needle rotation (i. e. unidirectional or bidirectional
winding) has been shown to elicit similar neurophysiological re-
sponses that can positively alter MTrP status and reduce pain with-
out the need for LTR. Many athletes and their coaches are con-
cerned about potential DN-induced microdamage to skeletal mus-
cles and nerve fibers. As a result, DN therapy is often avoided,
especially between sporting events. Our results suggest that there
is no basis for this, and DN therapy can be used successfully in the
period between workouts.

Limitations and future research

Although the measurement tools used in our study objectify the
assessment of changes induced by DN, they also have some limi-
tations. First, the measurement methods did not have reference
values, which made it difficult to interpret the observed changes
induced by DN. Furthermore, there were statistical differences in
T[Hz] and PPT [N/cm] at baseline, which should be disclosed, as
they can potentially contribute to bias in interpreting the trends of
evolution after intervention or exposure to the control condition.
Additionally, the use of only a single session does not provide us
with a long-term perspective on how repeated sessions canimpact
players’ adaptations concerning the observed measures. Another
limitation is that we measured changes in only one muscle. In sub-
sequent tests, the number of muscles measured should be in-

creased. The participants were young, without current muscle pain,
and with latent MTrPs. So the study results cannot be directly gen-
eralized to other groups, including the elderly or individuals with
pain. Ultimately, our sample consisted of 32 MMA fighters and the
observation period was limited to 48 hours. Future studies should
explore extending the duration of analyzing the effects of DN, as
well as investigating the impact of multiple DN sessions over the
long-term and under various interventions (e. g. during combat,
post-recovery).

Practical implications

DN significantly enhanced blood perfusion, muscle biomechanical
properties, and maximal muscle force, thereby promoting faster
recovery, reducing the risk of injury, and improving athletic perfor-
mance. This highlights DN’s potential as a highly effective interven-
tion in sports recovery and performance enhancement programs.
Additionally, DN reveals a mechanical hypoalgesic effect, elevating
pressure pain threshold and providing relief from muscle soreness
and discomfort. Consequently, athletes and coaches can positive-
ly opt for DN, as our results suggest its safe and effective integra-
tion into recovery protocols, fostering quicker recovery and poten-
tially enhancing athletic performance readiness. Importantly, con-
sidering DN up to 48 hours prior to the desired performance period
may be crucial, as it effectively alleviates symptoms of MTrPs, thus
optimizing athletes’ physical condition for training or competition.

Conclusions

In our study, DN emerged as a superior intervention, outperform-
ing the control intervention across several key parameters. as in
perfusion unit, muscle tone, stiffness, elasticity, PPT, and maximal
forearm muscle force over the flexor carpi radialis muscle. These
findings highlight DN’s effectiveness in enhancing physiological
conditions and surpassing outcomes observed in the placebo in-
tervention. Furthermore, DN demonstrated its ability to improve
blood perfusion, increase isometric strength, elevate pain thresh-
old, and enhance biomechanical properties of the radial wrist flex-
or muscle, including reduced muscle tension and stiffness along-
side increased flexibility compared to placebo. Importantly, these
benefits persisted for up to 48 hours post-intervention, indicating
sustained effectiveness over time. Therefore, integrating DN into
treatment plans for MMA athletes with MTrPs holds promise for
mitigating negative effects and enhancing athlete functionality.
Further research is crucial to establish optimal protocols and un-
derstand long-term effects, paving the way for wider adoption in
clinical settings.
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