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Abstract

Background. Myofascial trigger points (TrPs) are hyperirritable spots within taut bands of skeletal muscles that elicit
local and referred pain when stimulated. Among the variety of techniques used for treating TrPs, dry needling (DN)
is the most commonly applied intervention. The physiological mechanisms underlying the effects of DN remain to
be elucidated. Objective. To examine changes in skeletal muscle after DN in the area where the TrP is located.
Methods. We measured in vivo changes that occur in human skeletal muscle one hour after DN over a TrP with mag-
netic resonance imaging (MRI) and tensiomyography. The study included 18 asymptomatic subjects with a latent
TrP in one medial gastrocnemius muscle, and the contralateral leg was used as control. Results. The results showed
that MRI signal intensity significantly increased one hour after the DN intervention, suggesting the presence of intra-
muscular edema. Tensiomyographic parameters showed higher muscle stiffness with an improvement in contrac-
tion time after DN. Conclusions. This is the first study showing intramuscular edema after TrP DN in human skeletal
muscle. Future research should focus on using DN therapy in patients with active TrPs and on monitoring changes
occurring at longer follow-up with imaging techniques.
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Introduction

Myofascial trigger points (TrPs) are a common cause of

muscle pain, tenderness, and referred pain. According to

Simons et al. [1], the pain associated with TrPs arises

from a hypersensitive nodule in a taut band of skeletal

muscle that, when stimulated, creates pain referral and

other associated phenomena. From a clinical viewpoint,

there are active and latent TrPs. Active TrPs can cause

both sensory symptoms and motor dysfunctions (stiff-

ness, restricted range of motion), whereas latent TrPs can

cause motor dysfunction (stiffness, restricted range of

motion, fatigability) but not spontaneous sensory symp-

toms, unless they are stimulated [2].

A common intervention used in clinical practice for

the management of TrPs is dry needling (DN). Recent

systematic reviews and meta-analyses support the
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effectiveness of DN for musculoskeletal disorders associ-

ated with TrPs [3,4]; however, the physiological mecha-

nisms by which DN is effective remain to be elucidated.

Shah et al. [5] developed a microanalytical technique for

assessing the local biochemical milieu of human skeletal

muscle in near real time at the subnanogram level and

found that active TrPs had higher concentrations of pro-

tons, bradykinin, calcitonin gene–related peptide, sub-

stance P, tumor necrosis factor–a, interleukin-1b,

serotonin, and norepinephrine when compared with la-

tent TrPs or non-TrPs points within the same muscle.

Additionally, pH levels were also significantly lower in

active TrP areas. Interestingly, latent TrPs also exhibited

higher concentrations of the abovementioned biochemi-

cal mediators than non-TrP points. In fact, the presence

of local chemical mediators [6] and some indicators of in-

flammation [7] have been shown to alter muscle contrac-

tile properties by inducing an increased stiffness or

delayed muscle onset soreness, two common symptoms

also experienced by individuals with TrPs.

We suggest that the threshold for pain is altered by the

presence of locally released chemicals, such as the prod-

ucts of mast cell degranulation, so that stimuli that are

normally either subthreshold or interpreted as pressure

become interpreted as pain. Therefore, the time course of

the soreness may reflect the presence of such local chemi-

cal mediators, although the physical stimulus for the sen-

sation of pain is pressure.

In clinical practice, therapists commonly advise their

patients not to perform physical activity during the fol-

lowing 24–48 hours after DN; however, this recom-

mendation lacks scientific evidence. The main basis of

this speculation is the assumption that DN produces

muscle inflammation and damage in the muscle tissue.

This hypothesis has been preliminarily supported by an

animal study investigating the injury induced in

the neuromuscular junction caused by 15 repetitive

punctures applied to the muscle of healthy mice and its

posterior regeneration [8]. This study observed an in-

flammatory response in the skeletal muscle fibers three

hours after DN, which progressed to higher intensity 24

hours after the needling procedure. These authors also

found that muscle regeneration was almost complete

seven days after the puncture, suggesting that DN did

not perturb the different stages of muscle regeneration

and reinnervation [8].

To date, no study has previously investigated muscle

damage and changes in muscle contractile properties after

application of DN in humans. Therefore, the aims of this

study were to identify the presence of muscle edema after

the application of DN and to investigate if the identified

muscle edema was associated with changes in muscle con-

tractile properties and soreness. Our hypothesis was that

DN would induce intra-muscular edema in the area of ap-

plication (a TrP), as identified by magnetic resonance im-

aging (MRI), and that muscle contractile properties, as

assessed by tensiomyography (TMG), would be decreased.

Methods

Experimental Design
The current study used a between-group design to inves-

tigate region-specific differences and mechanical changes

in the gastrocnemius medialis muscle before and one

hour after the application of DN. On the day of the ex-

periment, an experienced physical therapist identified the

presence or absence of latent TrP in the gastrocnemius

medialis muscle. If several TrPs were identified, the most

painful point was selected for analysis. The contralateral

gastrocnemius medialis muscle was used as a control.

One hour before and one hour after the application of a

single session of DN, participants underwent MRI and

TMG measurements of both legs at rest by the same ex-

perienced assessor, who was blinded to the side of the in-

tervention. During the study, participants remained

comfortably seated in a room at 22�C–23�C to avoid al-

tering muscle mechanical properties [9].

Participants
The current study recruited active healthy males present-

ing with latent TrPs in the gastrocnemius medialis mus-

cle. To be eligible to participate, subjects were required

to meet the following criteria: 1) asymptomatic without

any type of injury in the lower extremity; 2) no pathology

of the Achilles tendon within six months before the inter-

vention; 3) not having exercised intensively 48 hours be-

fore the intervention; and 4) presence of at least one

latent TrP in one gastrocnemius medialis muscle. Latent

TrPs were identified as follows: 1) palpable taut band

within the muscle; 2) presence of a hypersensitive spot in

the taut band; and 3) presence of a local twitch response

of the taut band with palpation [10]. The study was con-

ducted at a physical therapy clinic (Eresa, Valencia,

Spain), and it was approved by the ethics committee of

the University General Hospital of Valencia-Spain

(CPMP/ICH/135/95). The study was conducted in accor-

dance with the guidelines and regulations of the local in-

stitute. All participants signed an informed consent

before their inclusion in the study. All participants could

withdraw from the study at any time without penalty.

Postneedling Soreness
An 11-point numerical pain rating scale (NPRS) was

used to determine the intensity of postneedling-induced

pain. Subjects rated the intensity of experienced postnee-

dling pain (soreness) one hour after dry needing from 0

(no pain) to 10 (maximum pain) points. The NPRS has

been shown to be generalizable, reliable, and a consistent

outcome for assessing clinical and experimental pain

[11].

Dry Needling
Participants, in a prone position, received a single session

of DN over latent TrPs in one gastrocnemius medialis

muscle. Needling was applied with disposable stainless
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needles of 0.30 mm*50 mm (3B Scientific, Paterna,

Spain) that were inserted into the skin over the TrP. Once

the TrP was located, the overlying skin was cleaned with

an antiseptic. In this study, the fast-in and fast-out tech-

nique, as described by Hong [12], was applied. The nee-

dle was inserted between 5 and 10 mm until the first

local twitch response was elicited (Figure 1). Once the

first local twitch response was obtained, the needle was

moved “in and out” of the medial gastrocnemius muscle

for approximately eight to 10 insertions. The number of

local twitch responses elicited on each TrP was recorded.

Once the needle was removed, manual pressure was im-

mediately applied to the skin area using a cotton bud to

provide homeostasis.

Magnetic Resonance Imaging
Intramuscular edema was evaluated by MRI using Short

Tau Inverse Recovery (STIR), that is, a common MRI

fat-saturated T2-weighted sequence used in clinical prac-

tice to detect muscle edema [13,14]. All measurements

were performed using a 1.5-T scanner (Siemens AG,

Munich, Germany) with participants lying supine on the

scan table. Forty-four slides were made from the poste-

rior condyles of the femur to the end of the medial gas-

trocnemius muscles using the following scan sequences:

A) T2 STIR axial, 44 slides, repetition time (TR)

3.000 ms, echo time (TE) 30–33, TI 150 ms, echo train 2,

thickness of cut 3.0 mm, space 30 mm, field of view

(FOV) 231� 370 mm, matrix 320� 140 and ipat 2; B)

axial T2, 44 slides, TR 4500 ms, TE 70, echo train 2,

FOV 370� 230 mm, matrix 320� 140, thickness

3.0 mm and space 0.3 mm, ipat 2; C) T1 axial, 44 slides,

TR 585 ms, TE 13, echo train 2, thickness of cut 3.0 mm,

space 0.3 mm, FOV 320� 250 mm, matrix 320� 140,

ipat 2.

A parametric image was created from the T2 STIR se-

quence using the Leonardo workstation (Siemens). Scout

slides and anatomical reference areas were obtained to

guarantee an identical and efficient positioning over time

in pre and post scans.

T2 STIR sequencing, a sequence of radiofrequency

pulses that is exclusively T2-weighted, was used to neu-

tralize the fat signal in the MRI slides. This sequence was

used despite having lower resolution because it is more

sensitive to edema and inflammatory lesions [15,16]. The

T2 STIR axial sequences of both medial gastrocnemius

muscles were measured with eFilm Software Lite, version

3.1 (Merge Healthcare, Chicago, IL, USA).

For the analysis, the same region of interest (ROI) was

selected for both moments (one hour before and after) in

both legs. The ROI was identified on postintervention

slides to detect the presence of muscle edema in the area

that had received DN. The same ROI was selected on the

contralateral leg, and bilaterally on pre-intervention

slides.

Tensiomyography
This tool was used to detect changes in muscle contractile

properties associated with changes in muscle stiffness

[17]. Again, measurements were performed bilaterally on

both medial gastrocnemius muscles before and one hour

after the needling procedure. TMG recordings were per-

formed under static and relaxed conditions while subjects

laid prone with a fixed knee angle at 5� of flexion (0� rep-

resents an extended joint) and the ankle in a neutral posi-

tion. Both joint angles were measured with a digital

goniometer. The position of the lower extremity was se-

cured with a foam pad, which was placed under the dor-

sal side of the foot.

The maximal amplitude of TMG was elicited by using

an electrical impulse applied to the muscle belly. The

stimulation was delivered via a TMG-S1 system (TMG-

BMC d.o.o., Ljubljana, Slovenia) with a single-twitch

rectangular monophasic impulse with a duration of 1 ms

and output voltage of 30 V. The current output was ad-

justable in the range of 0–100 mA on <10 X. Two square

(50�50 mm) 2-mm-thick reusable rubber-based self-ad-

hesive stimulating electrodes (Compex Medical AS,

Ecublens, Switzerland) were placed according to current

guidelines [18].

A pressure digital transducer (Trans-Tek GK40,

Panoptik d.o.o., Ljubljana, Slovenia) was attached to the

medial gastrocnemius muscle belly, ensuring that it was

positioned perpendicular to the muscle with an initial

pressure of 1.5� 10�2 N/mm2, controlled by consistently

retracting the spring-loaded transducer probe to 50% of

its length. The sensor location within the medial gastroc-

nemius was anatomically determined according to Delagi

et al. [19].

To elicit muscle contraction, electrical current was

progressively applied starting at 30 mA with increments

of 10 mA until maximal stimulator output was reached

(100 mA), that is, when no further displacement of the

muscle belly could be produced, as identified by a plateau

Figure 1. Dry needling procedure of the medial gastrocnemius
muscle.

Dry Needling and Tissue Damage 1389

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/20/7/1387/5305671 by guest on 29 N
ovem

ber 2023



in the twitch response curves. This stimulus is likely to

evoke a low torque response, around 10% of maximal

voluntary contraction (MVC) [20,21]. A 15-second rest

between subsequent electrical stimuli was applied to

avoid post-tetanic activation. TMG Software (version

3.6.21) was used for all data acquisition and processing.

In the current study, the parameters muscle belly ra-

dial deformation (Dm) and contraction time (Tc) of

TMG were recorded. A recent systematic review found

that these TMG parameters exhibit high reliability [22].

Statistical Analysis

The mean, standard difference, and 95% confidence in-

terval (CI) for each variable were calculated. A normal

distribution of quantitative data was assessed using the

Shapiro-Wilk test (P > 0.05). A paired t test for depen-

dent samples was used to compare STIR and TMG data

before the intervention. The STIR signal was analyzed us-

ing a one-way repeated-measures analysis of variance

(ANOVA) with time (before and one hour after interven-

tion) and group (needling or non-needling) as the be-

tween-subjects factors. An analysis of covariance

(ANCOVA) was performed to analyze the effects of DN

on the TMG variables (Dm and Tc) with baseline scores

as covariates. The Levene test was conducted to analyze

the homoscedasticity assumption. A paired t test for de-

pendent samples was performed to compare NPRS after

the intervention. Cohen’s d effect sizes (ES) were also cal-

culated to determine the magnitude of differences before

and after needling for each variable. Effect sizes were

considered trivial when <0.1, small when they ranged

from 0.1 to 0.3, moderate when they ranged from 0.3 to

0.5, large when they ranged between 0.5 and 0.7, and

very large when >0.7 [23]. Finally, the Pearson product-

moment correlation (r) was also used to determine the

potential association between MRI, postneedling sore-

ness pain, the number of local twitch responses, and

TMG variables. Statistical significance was set at P <

.05. SPSS for Windows (version 18.0) was used for all

statistical analyses.

Results

Twenty-six healthy males were screened for eligibility.

Five (19%) were excluded for the following reasons: ab-

sence of latent TrPs in the gastrocnemius medialis

(N¼ 3) or fear of MRI (N¼ 2). Twenty-one active

healthy males (mean age ¼ 25.5 6 5 years, height ¼
175.5 6 7.1 cm, weight ¼ 75.1 6 6.48 kg) with a latent

TrP within the gastrocnemius medialis were included in

the study. Three participants (14%) were excluded due

to poor quality of MRI sequences; therefore, 18 partici-

pants were included in the final analysis. Eight participants

(44.4%) exhibited latent TrPs in the right gastrocnemius

medialis, whereas the remaining 10 (55.55%) had TrPs in

the left medial gastrocnemius. Table 1 shows the data

before and after the needling procedure in both gastrocne-

mius muscles. No significant differences existed between

the muscles before the intervention (t(30) ¼ 1.003,

P¼ 0.324).

The ANOVA revealed a significant group-by-time in-

teraction (F[1, 30] ¼ 191, P< 0.001, r¼ 0.86) for MRI-

STIR, in which the signal of the medial gastrocnemius re-

ceiving DN increased by 130% after the intervention

(Figure 2), with no changes observed in the medial gas-

trocnemius not receiving the DN intervention (Figure 3).

The Bonferroni post hoc test showed statistically signifi-

cant differences (mean signal difference ¼ 198, 95%

CI ¼ 172 to 224, P< 0.001) and a large effect size

(ES¼ 5.03) between the needled and non-needled sides

after the intervention.

For TMG data, the baseline Dm score was signifi-

cantly related to postintervention scores (F[1, 29] ¼ 38.26,

P¼ 0.001) (Figure 4). The ANCOVA revealed a signifi-

cant group-by-time effect after adjusting for baseline

data (F[1, 29] ¼ 7.008, P¼ 0.013) (Figure 4). The

Bonferroni post hoc test showed a statistically significant

difference (–0.78 mm, 95% CI ¼ –1.39 to –0.18 mm,

P< 0.001) and a large effect size (ES ¼ 0.87) between the

needled and non-needled sides after the intervention

(Figure 5). Similarly, the baseline Tc score was also sig-

nificantly related to postintervention scores (F[1, 29] ¼ 29,

P¼ 0.001). The ANCOVA found a significant group-by-

time effect after adjusting by baseline score (F[1, 29] ¼
4.60, P¼ 0.04). The post hoc test revealed significant

mean differences (–3.19 mm, 95% CI ¼ –6.23 to –0.15

mm) and a large effect size (ES ¼ –0.71) between the nee-

dled and non-needled sides after DN.

No significant correlations were observed between

changes in STIR and changes in Dm (r ¼ –0.078,

R2¼ 0.006%, P¼ 0.775) or changes in Tc (r ¼ –0.091,

R2¼ 0.008%, P¼ 0.755).

All subjects experienced post-DN soreness one hour

after the intervention (mean intensity ¼ 4.5, 95% CI ¼
3.8 to 5.2). Additionally, a statistically significant corre-

lation between postneedling pain perception and changes

in STIR values (r¼ 0.526, R2 ¼ 0.28, P¼ 0.036) was ob-

served: the higher the postneedling-induced pain, the

greater the changes in STIR values (Figure 6).

Table 1. Mean (SD) of the magnetic resonance imaging and
tensiomyography outcomes before and after dry needling in
both groups

Non-needled

Group

Needled

Group

Non-needled

Group

Needled

Group

Before Dry
Needling

1 h After Dry
Needling

MRI-STIR 145 (16.84) 149 (18.04) 154 (16.17) 352 (52.29)

Dm, mm 3.92 (1.60) 3.65 (1.03) 3.64 (1.35) 2.69 (1.12)

Tc, ms 27.52 (7.52) 30.44 (8.32) 27.71 (6.01) 25.17 (5.17)

MRI-STIR ¼ magnetic resonance imaging using Short Tau Inverse

Recovery; Dm ¼ muscle belly radial deformation; Tc ¼ contraction time.
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All subjects received a mean of 9.1 needling insertions,

with a mean of 6.7 6 1.5 (95% CI ¼ 5.9 to 7.5) local

twitch responses during the needling intervention. No

significant correlation was observed between changes in

STIR and the number of local twitch responses

(r¼ 0.123, R2 ¼ 0.02, P¼ 0.621).

Discussion

The results of this study show that the application of DN

over latent TrPs produces an increase in MRI-STIR sig-

nal, compatible with intramuscular edema, an increase in

muscle stiffness (decrease in Dm), and a quicker muscle

contraction reaction (decrease in Tc). Further, intramus-

cular edema was associated with the experience of post-

needling soreness pain, but not with changes in

contractile properties, suggesting that muscle damage is

not associated with changes in stiffness. Similarly, intra-

muscular edema was not associated with the number of

local twitch responses.

Domingo et al. [8] found that DN was associated with

neuromuscular damage in the animal model. To the best

of our knowledge, this is the first study investigating

muscle damage as assessed by MRI after the application

of DN in human skeletal muscle. We observed an

increase of �130% in the signal one hour after DN. High

signal intensity in the muscle on STIR-MRI is usually at-

tributed to edema, inflammation, or tissue granulation

[15,16]; however, there are no reports on biopsies of

muscle TrPs after DN in humans to determine the quality

of the tissue damage. It is interesting to note that the in-

crease in muscle signal was mainly located in the region

receiving the puncture, but not in the surrounding muscle

area, suggesting a localized effect of DN. Based on the

mechanical effect attributed to dry DN [24,25], it is con-

ceivable that the increase in the STIR-MRI signal would

represent intramuscular edema [26]; however, biopsy

studies of TrPs are needed to determine muscle changes

within the human muscle.

It has been hypothesized that muscle damage induced

by DN is responsible for postneedling soreness [12]. This

assumption is based on the sensitization of muscle noci-

ceptors elicited by the inflammatory mediators released

at the site of injury due of tissue damage [24]. In our

study, we observed an association between the intramus-

cular edema signal and the intensity of postneedling sore-

ness, supporting a relationship between these variables.

The association between post-DN soreness and the pres-

ence of intramuscular edema could be explained to

patients by describing the occurrence of soreness after

DN intervention [27] and encouraging them to schedule

consecutive DN sessions, if needed. Nevertheless,

changes in MRI signal accounted for 28% of postnee-

dling pain intensity, suggesting that other mechanisms

may also be involved in this process. Additionally, Hong

[12] suggested that visible ecchymosis or swelling after

DN could be also related to postneedling soreness.

However, no subject in the current study presented with

visible ecchymosis and/or swelling after the puncture.

Interestingly, the number of local twitch responses

was not associated with the intramuscular edema signal.

In the current study, we applied around nine insertions

using needles that were 300 lm in diameter. If we con-

sider that myocytes are between 20 and 60 lm in diame-

ter [8], the application of nine pistons with a needling of

300 lm would injure about 200 myocytes and myofibers

and a few small blood vessels, explaining the presence of

intramuscular edema after the needling procedure. In

fact, Domingo et al. found, in an animal model, that 15

needling insertions induced disruption of muscle fibers,

motor end plates, and distal axons [8]. It is possible that

muscle damage could be related to the needling proce-

dure itself and not to the presence/absence of local twitch

responses. Future studies including human biopsies after

the application of needling interventions are needed to

determine the microscopical changes observed after DN

application.

Muscle stiffness is a classic mechanical measure of the

resistance offered by muscle tissues to deformation. Some

authors have reported that DN is able to reduce stiffness/

tone in spastic muscles of patients who have experienced

a stroke, a motor disorder of the nervous system in which

Figure 2. Magnetic resonance imaging using Short Tau Inverse
Recovery signal of the medial gastrocnemius before and one
hour after dry needling.

Figure 3. Magnetic resonance imaging using Short Tau Inverse
Recovery signal of the medial gastrocnemius before and one
hour after in the control side.
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muscles are permanently contracted [28,29]. Maher et al.

[30] observed that DN decreased the muscle tone of a

TrP, as assessed with shear-wave elastography; however,

this study had a small sample size and did not include a

control (non-needle) point. In the current study, to mea-

sure changes in muscle stiffness, we calculated Dm, a

parameter advocated to provide a measure of muscle

belly stiffness [17] and capable of detecting changes in in-

herent muscle stiffness [20]. Low values of the Dm pa-

rameter are attributed to an increase in muscle stiffness

[17,20] and to higher muscle tone [31]. In the current

study, Dm significantly decreased (26%) one hour after

the needling procedure, suggesting that DN increased

muscle stiffness in the targeted muscle area. These results

disagree with clinical findings in the spastic musculature

[28,29] and with those reported with elastography [30].

Differences between populations or outcome measures

can explain discrepancies between these studies. It is also

possible that the response of the medial gastrocnemius

muscle to DN would be different than other muscles. For

instance, Ge et al. [32] observed that nociceptive stimula-

tion of latent TrPs in the gastrocnemius muscle was able

to elicit muscle cramps. Therefore, it would be reason-

able to suggest that the puncture of this muscle leads to a

temporary increase of muscle tone in the punctured area,

probably due to the intramuscular edema in the area.

Future studies should investigate differences in muscle

tone response after DN depending on the targeted

muscle.

We also found a significant decrease in Tc, meaning

that the medial gastrocnemius response was quicker after

the needling intervention even though muscle stiffness

was increased. It is possible that the tissue damage in-

duced by DN, as expressed as localized intramuscular

edema, could lead to an increase in muscle tone as a pro-

tective response, but the muscle is able to achieve a better

action response, expressed as a decrease in Tc. This situa-

tion may be explained by the beginning of the regenera-

tion process after the DN procedure [8], in which the

muscle recovers its contractile properties even though the

muscle tone is still elevated due to the pro-inflammatory

process [33]. Future studies are now needed to further in-

vestigate this hypothesis.

Although this is the first study investigating tissue

damage after the application of DN in human muscles, it

has some potential limitations. First, we included a sam-

ple of asymptomatic individuals with latent TrPs.

Although latent TrPs could cause motor disturbances, for

example, stiffness, restricted range of motion, and

Figure 4. Representation of the behavior of the tensiomyographic curve extracted from the pre- and postaverage of the sample.
Dm ¼muscle displacement; GM PRE/POST EXP ¼ gastrocnemious medialis pre/postexperiment; Tc ¼ contraction time.

Figure 5. Differences in muscle belly radial deformation of me-
dial gastrocnemius between the non-needled (left) and needled
(right) sides.

Figure 6. Scatter plot of the relationship between the magnetic
resonance imaging using Short Tau Inverse Recovery signal of
the medial gastrocnemius and intensity of postneedling sore-
ness pain (N¼18). Note that some points are overlapping. A
positive linear regression line is fitted to the data.
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fatigability [2], they do not represent the common clinical

practice. Therefore, the current results should not be ex-

trapolated to active TrPs or patient populations. Second,

we only assessed muscle damage with MRI and postnee-

dling soreness one hour after DN. We do not currently

know the evolution of the muscle edema with time. It

would be interesting to investigate the time when the

MRI-STIR signal (the edema) returns to initial values and

if this change is associated with 48–72 hours of postnee-

dling soreness. Additionally, the inclusion of other sen-

sory outcomes, for example, pressure pain thresholds,

would also help to elucidate the changes in muscle pain

sensitivity observed in our study and their association

with muscle damage. Third, we did not control for differ-

ent dosages of local twitch responses. Simons et al. [1]

suggested an association between higher needle inser-

tions, number of local twitch responses, and greater post-

needling soreness; therefore, it is possible that different

numbers of insertions or local twitch responses (dosages)

could lead to different results in tissue damage.

Nevertheless, we should consider that the topic of local

twitch responses is currently under debate [34]. All par-

ticipants in our study were Caucasian; no ethnic differen-

ces related to different needling tolerances or to different

postneedling soreness intensities were analyzed [35].

Finally, we do not currently know if needling of a muscle

itself, without targeting a TrP, could also induce muscle

edema, or if this event is mainly associated with the punc-

ture of a TrP. Future studies investigating these topics

should be performed.

Further research is recommended to investigate with

MRI the effects of DN therapy in individuals with active

TrPs, which represent a major concern in daily clinical

practice, as opposed to latent TrPs. In addition, further

studies could take our data into account to calculate the

future sample size (i.e., 80%) for avoiding a type II. We

could not calculate a priori a sample size because this is

the first study in humans examining intramuscular edema

after DN.

Conclusions

These findings suggest that in asymptomatic patients, the

application of DN over latent TrPs within the medial gas-

trocnemius muscle produced an increase in MRI-STIR

signal, compatible with intramuscular edema, an increase

in muscle stiffness, and an improvement of muscle con-

traction reaction. Additionally, the intramuscular edema

produced by the needling procedure was associated with

the experience of postneedling soreness pain, but not

with changes in contractile properties or the number of

local twitch responses elicited during the intervention.
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