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Abstract

Background Dry needling is an increasingly popular technique used in sports and regenerative medicine contexts. However,
there is no comprehensive overview of investigations of dry needling in sports and sport recovery.

Objectives The objectives were to perform a systematic review of dry needling in sports athletes with an evidence gap map,
to identify current gaps in the literature, and to provide stakeholders with direction for future research.

Methods Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 guidelines were followed. Stud-
ies on healthy and injured athletes receiving dry needling were included. Three databases (PubMed, Scopus, and Web of Science)
were searched, data were synthesized narratively, key data were summarized quantitatively, and an evidence gap map was created.
Results The authors incorporated 24 studies into the current study, encompassing 580 athletes, predominantly involving tal-
ent/developmental and highly trained/national-level athletes across 13 sports. Most studies used passive or placebo controls,
with 37.5% incorporating active controls. Interventions focused mainly on the lower limbs (58.3%). Around 69% of studies
reported pain perception outcomes, while six examined muscular strength, activity, and range of motion. While results varied,
dry needling generally showed a more positive effect on pain than on athletic performance.

Conclusions Dry needling studies seem to describe general effectiveness and safety for reducing pain and muscle stiffness in a
wide variety of body regions. However, further research is needed on underrepresented populations such as elite, world-class,
and Paralympic athletes, as well as expanding investigations into long-term effects and a broader range of muscle groups,
particularly the hamstrings. The results may be valuable for medical professionals, sports medicine specialists, and researchers.
Registration OSF project no.: osf.io osf.io/h3yeq.
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Dry needling has emerged as a promising technique

within the realm of sports medicine, showing beneficial
effects in alleviating pain perception, particularly among
athletes in recovery stages.
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However, our analysis suggests that dry needling may
not offer significant advantages for improving functional
performance in athletes.

We identified significant gaps in the existing literature,
particularly concerning long-term epidemiological
studies and the determination of individualized dosage
requirements.

Experimental studies often lack detailed information on
dosage and implementation procedures, as well as poten-
tial adverse effects, highlighting the need for further
research in this area.
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1 Introduction

Dry needling is a therapeutic technique that involves the
insertion of thin, solid needles into myofascial trigger points
or tight bands of skeletal muscle [1]. According to the Amer-
ican Physical Therapy Association, dry needling is “a skilled
intervention using a fine needle to penetrate the skin and
stimulate underlying muscle and connective tissues to man-
age neuromuscular and movement deficits” [2]. Although it
does not follow the exact same techniques as acupuncture,
dry needling targets myofascial trigger points in a manner
similar to how acupuncture in traditional Chinese medicine
treats acupoints, including primary channel points, extra
points, and Ah-shi points, to release tension and alleviate
pain [3]. The needles are typically the same as those used in
acupuncture, but the approach focuses on addressing mus-
cular issues [4]. In sports, dry needling is often employed to
enhance athletic performance, treat musculoskeletal injuries,
and manage pain [5]. Dry needling targets specific muscle
knots or trigger points to improve range of motion, reduce
muscle stiffness tone and pain, increase muscle hyperemia
[6], improve motor system mobility [7], and promote recov-
ery, making it a valuable adjunct to sports rehabilitation and
performance optimization programs.

The increase in training intensity and the congestion of
competition schedules have led to a rise in muscle strain,
concurrently diminishing the capacity for thorough recov-
ery between sessions and competitions [8, 9]. Excessive
mechanical strain on skeletal muscles resulting from the
execution of static and/or dynamic physical exercises can
lead to myocyte membrane damage and can trigger inflam-
matory processes, induce pain sensations, and increase
muscle stiffness and tension, concurrently reducing mus-
cle elasticity [10—12]. Muscular fatigue induced by training
can cause the formation of trigger points that impair muscle
function, including increased muscle stiffness and reduced
muscle strength [13].

Dry needling is among the potential therapeutic strategies
employed to enhance the recovery of athletes, promote their
well-being, and potentially aid in injury management [14].
It is considered a safe procedure that does not involve the
administration of drugs or other substances [15], eliminat-
ing the side effects typically associated with medication use.
This makes dry needling an interesting option for athletes
recovering from injuries. For instance, Veldzquez-Saornil
et al. [16] used dry needling in nonathletes as part of reha-
bilitation following surgical treatment for a complete rupture
of the anterior cruciate ligament. Their findings revealed
that this treatment approach led to improvements in both
the range of motion and the functionality of the operated
limb [16]. Kamali et al. [17] also explored the use of the dry
needling technique to treat unilateral impingement syndrome

of the shoulder joint. This method was effective in reducing
pain symptoms, increasing the pain threshold, and improv-
ing the mobility of the diseased joint [17]. Moreover, a meta-
analysis by Hu et al. [18] showed that the dry needling tech-
nique reduces the severity of pain symptoms and increases
the volume of movement in athletes with low back pain.
Finally, Halle et al. [19] utilized dry needling in post-surgi-
cal rehabilitation in nonathletes; this approach demonstrated
comparable effectiveness to standard physiotherapy.

In addition to its potential benefits for athletes recover-
ing from injuries, dry needling can also be beneficial for
athletes in the recovery process after training. For instance,
Walsh et al. [20] noted the positive impact of dry needling
on pain intensity after a training period. Sdnchez-Infante
et al. also confirmed pain reduction after athletes underwent
this technique following physical exertion [21]. Moreover,
Haser et al. [22] discovered the beneficial effects of this
treatment method on range of motion in lower limb joints
as well as the strength of the examined muscle group fol-
lowing the procedure.

Despite the growing number of publications dedicated to
dry needling in sports performance and injuries, the existing
literature lacks effective mapping within a single article. A
systematic review presents an effective approach for compre-
hensively mapping current evidence, summarizing findings,
and identifying key gaps in the literature [23]. Combining a
systematic review with an evidence gap map can go beyond
traditional result pooling and analytical comparisons. This
approach enables a visual mapping of evidence, offering a
clearer understanding of research trends and highlighting
what is known and unknown (i.e., research gaps) about dry
needling in athletes [24]. Such valuable insights can inform
future policies and funding decisions.

A brief search on PubMed (employing “dry needl*” AND
“sport*” OR “exercise*”) yielded 51 records from inception
to 2014 and 324 records from 2015 to 2024. This indicates
that the majority of studies on dry needling have been pub-
lished in the last decade, underscoring the rapid growth of
research on this topic. Hence, this study’s objectives were to
conduct a systematic review and to provide an evidence gap
map of dry needling studies in athletes. This approach aimed
to identify trends and pinpoint gaps in the existing literature
to guide stakeholders in setting priorities for future research.

2 Methods
2.1 Registration
This systematic review adhered to the Preferred Reporting

Items for Systematic reviews and Meta-Analyses (PRISMA)
2020 guidelines. The a priori protocol registration was
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conducted on the Open Science Framework (OSF) platform
and assigned the project no. osf.io osf.io/h3yeq.

2.2 Equity, Diversity, and Inclusion Statement

This systematic review did not exclude any specific sex
or group. As long as individuals were athletes, they were
considered for inclusion in the study, regardless of sex, dis-
ability status, or any other potential demographic. Being
a systematic review, we were unable to ensure a balanced
number of studies included. However, we have included all
studies that met the eligibility criteria.

2.3 Eligibility Criteria

Our systematic review includes original articles from peer-
reviewed journals, even those with “ahead-of-print” sta-
tus, with a deliberate omission of language restrictions to
ensure a comprehensive article selection. Eligibility criteria
were established on the basis of the Participants, Interven-
tion, Comparators, Outcomes, and Study Design (PICOS)
framework:

e Participants (P): Inclusion criteria covered sports athletes
of any age, sex, or sport, competing at a level correspond-
ing to tier two (trained/developmental) or higher of the
Participant Classification Framework (PCF). Tiers zero
and one, which represent individuals outside of the ath-
lete category, were excluded. Studies involving injured
athletes (e.g., rehabilitation or return to sports) or disa-
bled athletes (e.g., cerebral palsy) were also eligible, with
no specified minimum number of participants per study.

e Intervention (I): We considered acute (single or multiple
sessions with assessments up to 72 h post-intervention)
and chronic (multiple sessions with pre- to post-inter-
vention differences assessments) interventions utilizing
any form of dry needling strategies. We refrained from
predefining a minimum intervention length for chronic
categorization, acknowledging that thresholds may vary
depending on specific outcomes and intervention char-
acteristics.

e Comparators (C): While not mandatory, comparators
were considered, recognizing that we were not directly
comparing dry needling effectiveness or efficacy. If
available, comparators could include other therapeutic
approaches or passive controls.

e Qutcomes (O): Inclusion required at least one of the
following outcomes or adaptations: acute or chronic
physiological, biomechanical, psychological, or perfor-
mance-related outcomes, and/or data on injury risk or
occurrence.

e Study Design (S): All types of experimental and obser-
vational studies, including single- or multi-arm, rand-

omized (parallel, crossover, cluster, or other), or nonran-
domized studies, were included.

To ensure an appropriate evaluation, a comprehensive
review of the full texts was conducted to determine their
eligibility for inclusion in this review.

2.4 Information Sources

We employed a comprehensive strategy to identify relevant
studies by conducting an extensive search across three key
databases: (1) PubMed, (2) Scopus, and (3) Web of Science,
up to 11 January 2024. In an effort to enhance the thor-
oughness of our methodology and minimize the possibility
of missing pertinent materials, we also performed manual
searches within the reference lists of the studies incorporated
into our review.

2.5 Search Strategy

Utilizing the Boolean operators AND/OR, our search strat-
egy deliberately avoided imposing filters or constraints
related to publication dates or language. This decision aimed
to increase the likelihood of uncovering relevant studies. All
included terms were systematically searched within the title
and abstract of the selected databases. Notably, in PubMed
and Scopus, the keywords were additionally integrated as
search options. Meanwhile, within the Web of Science—
Core Collection, the terms were specifically chosen to align
with topics.

The specific line of code employed for executing these
searches is as follows: “dry needl*”[Title/Abstract] AND
(“sport*’[Title/Abstract] OR ““athletic performance*”[Title/
Abstract] OR “exercise*”’[Title/Abstract] OR “athletic
injur*”’[Title/Abstract]).

2.6 Selection Process

Two authors performed the screening process independently,
reviewing both titles and abstracts of the retrieved records.
Following this initial assessment, each author individually
evaluated the full texts of the selected records. In cases of
discrepancies during the evaluation, a collaborative reevalu-
ation process was initiated to reach consensus. If consensus
could not be reached, the final decision was deferred to a
third author.

For efficient record management, we utilized EndNote
X9.3.3 software, developed by Clarivate Analytics in Phila-
delphia, Pennsylvania, USA.
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2.7 Data Collection Process

Two authors autonomously conducted the data collection
process, ensuring independent assessments. In instances of
disagreements during this phase, a third author served as a
mediator to resolve any discrepancies. To enhance efficiency
and maintain organizational coherence throughout this pro-
cedure, a dedicated Microsoft® Excel datasheet was utilized.
This datasheet comprehensively incorporated all relevant
data and essential information, providing a structured and
effective approach to data management.

2.8 Assessment of Risk of Bias

In the context of the randomized experimental studies con-
sidered in this current systematic review, we evaluated the
risk of bias using the Physiotherapy Evidence Database
(PEDro) scale. This scale has been previously validated and
confirmed for its reliability [25, 26]. Composed of 11 items,
the scale assesses various aspects, including randomization,
concealed allocation, baseline comparability, blinding of
participants and assessors, and statistical reporting.

Each item is scored as either present or absent, contribut-
ing to a total score ranging from O to 10, excluding one item
(eligibility criteria) which is not scored. Two researchers
independently conducted the assessment of the experimental
studies included in this systematic review. Following the
evaluation, they compared their respective ratings. In the
presence of a third author, they collectively determined the
final score and risk of bias for each study.

2.9 Dataltems

The data collection process included the extraction of a set
of participant details and contextual factors, incorporat-
ing variables such as publication date, primary research
objectives, sample size, country of origin, age distribution,
sex, study design specifics, and the competitive level of
participants.

Concerning intervention-related conditions, the authors
documented information pertaining to the study design
and duration, training context, and various aspects of the
employed dry needling strategy. Additionally, details from
both the active and control groups were extracted, encom-
passing therapeutic-related information.

The primary emphasis during the extraction of main
outcomes centered on parameters associated with acute
responses, specifically those related to pain (e.g., soreness),
fatigue, and recovery (e.g., perception of recovery, range of

motion, muscle architecture). Furthermore, aspects of phys-
ical readiness (e.g., athletic performance outcomes) were
considered. Chronic responses in athletic performance were
also included in our data extraction.

2.10 Data Synthesis Methods

We conducted a narrative synthesis complemented by data
summaries, which included numerical representations such
as numbers and percentages for the specified data items. To
present a comprehensive view of the current state of research
and identify areas with limited evidence, we created an evi-
dence gap map. This visual representation was designed to
offer an intuitive overview of both the available evidence and
the prevailing research gaps.

3 Results
3.1 Selection of Sources of Evidence

Figure 1 shows the outcome of the initial database searches,
yielding a total of 810 documents. Following the screen-
ing process, we identified 16 studies that conformed to our
pre-established eligibility criteria. In conjunction with our
database screening, we conducted a manual investigation
into the references cited in the chosen articles. This sup-
plementary exploration unveiled an additional eight articles
that met our inclusion criteria. Consequently, our system-
atic review includes a total of 24 articles. For a thorough
breakdown of the complete full-text screening process and
an explanation of exclusions, readers are directed to Sup-
plementary Material 1.

3.2 Assessing the Risk of Bias in Randomized
Experimental Studies

Table 1 displays the evaluation of bias risk in the 17 exper-
imental studies included in the present systematic review.
Among the examined elements, blinding to participants
and therapists emerged as the most crucial aspects, with
only 18% of the studies employing this procedure. Simi-
larly, allocation concealment was observed in only 41% of
the studies, as indicated in the provided reports. Regard-
ing blinding to evaluators, 59% of the studies reported the
incorporation of such a procedure.
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Identification of studies via databases and registers
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram

3.3 Characteristics of Sources of Evidence

Among the 24 studies included in the analysis (Table 2),
the majority (n=15, 62.5%) were conducted with tier two
athletes (talent/developmental), five (20.8%) with tier three
athletes (highly trained/national level), and one (4.2%)

with tier four athletes (elite/international). The remaining
three studies (n=3, 12.5%) could not be classified owing
to the absence of information. Regarding the sex of par-
ticipants, 9 (37.5%) studies exclusively focused on men, 3
(12.5%) exclusively focused on women, and the remain-
ing 10 (41.7%) studies included both men and women.
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Table 1 Physiotherapy
Evidence Database (PEDro)
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C1 eligibility criteria were specified, C2 subjects were randomly allocated to groups, C3 allocation was
concealed, C4 the groups were similar at baseline regarding the most important prognostic indicators, C5
there was blinding of all subjects, C6 there was blinding of all therapists who administered the therapy, C7
there was blinding of all assessors who measured at least one key outcome, C8 measures of at least one key
outcome were obtained from more than 85% of the subjects initially allocated to groups, C9 all subjects for
whom outcome measures were available received the treatment or control condition as allocated, or where
this was not the case, data for at least one key outcome were analyzed according to “intention to treat”,
C10 the results of between-group statistical comparisons were reported for at least one key outcome, C//
the study provided both point measures and measures of variability for at least one key outcome; score, the
score was derived by summing the scores from C2 to C11, as recommended by the PEDro scale

Additionally, two studies did not provide a description of
the sex distribution. Among the 17 (70.8%) experimental
studies included, all were randomized, and seven (29.2%)
case reports were also identified. In terms of outcomes, 18
(75%) studies reported measures associated with pain per-
ception, while 14 (58.3%) studies addressed physiological
and physical aspects related to the intervention.

Table 3 presents the body regions where dry needling
was implemented in the included studies, as well as the
characteristics of the needles and their application. Regard-
ing the body regions, 14 studies focused on lower-limbs,
including Benito-de-Pedro et al. [27], Benito-de-Pedro et al.
[28], Benito-de-Pedro et al. [29], Brewster et al. [30], Cush-
man et al. [31], Dembowski et al. [32], Devereux et al. [33],
Haser et al. [22], Huguenin et al. [34], Janowski et al. [35],
Lépez-Gonzélez et al. [36], Mason et al. [37], Walsh et al.
[20], and Zarei et al. [7]. The remaining 10 studies focused
on the upper body.

3.4 Results of Individual Sources of Evidence

Table 4 presents the main results extracted from studies
reporting participants’ pain intensities before and after expo-
sure to dry needling.

Table 5 presents the main results extracted from studies
reporting the physiological and physical responses of par-
ticipants after exposure to dry needling.

3.5 Evidence Gap Map

Figure 2 illustrates the distribution of studies based on their
topics and study designs concerning the application of dry
needling in athletes. Specifically focusing on studies related
to postexercise recovery, Brewster et al. [30] reported a case
focusing on pain, while experimental studies on this topic
were conducted by Benito-de-Pedro et al. [27], Cushman
et al. [31], Janowski et al. [35], and Walsh et al. [20]. Ana-
lyzing muscular strength and activity in postexercise recov-
ery, five experimental studies, namely Benito-de-Pedro
et al. [28], Ceballos-Laita et al. [38], Devereux et al. [33],
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Fig.2 Visualization of the number of studies per topic and study design related to the application of dry needling in athletes. Muscular strength
and activity refer to both muscular strength and muscular power, as measured through physical performance tests

Dos Santos et al. [39], and Haser et al. [22], were identi-
fied. Regarding range of motion, four studies reported out-
comes Benito-de-Pedro et al. [29], Ceballos-Laita et al. [38],
Haser et al. [22], and Janowski et al. [35], while three oth-
ers presented outcomes related to physiological adaptations,
namely Aidar et al. [40], Benito-de-Pedro et al. [27], and
Dos Santos et al. [39].

In studies focusing on injury recovery and pain manage-
ment, six case reports provided outcomes regarding pain:
Dembowski et al. [32], Escaloni et al. [41], Osborne et al.
[42], Mason et al. [37], Patrick et al. [43], and Westrick et al.
[44]. Additionally, five experimental studies also reported
pain-related outcomes: Etminan et al. [45], Huguenin et al.
[34], Kamali et al. [17], Kheradmandi et al. [46], and Zarei
et al. [7]. Concerning muscular strength and activity, one
case report (Dembowski et al. [32]) and two experimental
studies (Etminan et al. [45] and Lopez-Gonzalez et al. [36])
presented outcomes. Finally, regarding range of motion, one
case report (Dembowski et al. [32]) and two experimental
studies, namely Huguenin et al. [34] and Zarei et al. [7],
reported outcomes.

4 Discussion

Dry needling is creating meaningful developments in sports
medicine and physiotherapy practices, expanding its scope
beyond traditional clinical settings to enhance athlete recov-
ery and pain management. This systematic review identi-
fies various methodological approaches to dry needling in
sports performance and recovery. A multitude of studies
investigating these approaches has been observed, with case

reports and randomized experimental studies being the most
prevalent.

Pain perception emerged as one of the most extensively
researched outcomes, regardless of whether the focus was
on postexercise recovery or injury rehabilitation. Regarding
athletic performance, a wide range of outcomes has been
observed, encompassing improvements in range of motion,
muscular strength, and physiological responses. Concern-
ing different applications of dry needling, there is a notable
emphasis on targeting the lower limbs or shoulders, with
relatively few studies concentrating on other regions of the
body. The findings exhibit diversity, indicating that, while
dry needling shows an important effect on reducing pain,
its impact on enhancing athletic performance parameters
appears to be less pronounced.

4.1 Methodological Characteristics and Coverage
of Dry Needling Studies in Sports

The discussion on the methodological characteristics of dry
needling in sports focuses on the populations studied (e.g.,
sports represented, competitive level, and sex), as well as the
specific study designs and outcomes and the context.

4.1.1 Populations Included in Dry Needling Studies
in Sports

This systematic review has revealed that the majority of
studies involving sports athletes focus on talent develop-
ment and highly trained national-level athletes, highlighting
a lack of research on highly competitive athletes at the elite
or international/world-class level [47]. Furthermore, Para-
lympic athletes were only included in two studies, namely
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those conducted by Aidar et al. [40] and Dos Santos et al.
[39]. The larger sample size and less congested competi-
tion schedules faced by athletes at smaller competitive levels
probably make it easier to conduct experiments. However,
the underrepresentation of specific competitive levels (such
as elite or world-class) or Paralympic athletes may make it
difficult to generalize evidence and ensure the suitability of
interventions for these populations, who are subject to high
levels of strain and require more comprehensive recovery
strategies [48].

Regarding sex representation, most studies included both
men and women. Interestingly, among those focusing solely
on one sex, there was a notable balance between studies con-
centrating on men and women. This reflects the importance
of achieving a more equitable representation of women as
research subjects in sports. One possible explanation for this
balance could be the greater equilibrium in the sex of the
authors of studies, which appears to influence the ultimate
research focus [49]. However, in different contexts, women
remain underrepresented, resulting in imbalances in the
understanding of interventions concerning the specificities
of biological characteristics [50].

4.1.2 Study Designs and Outcomes Analyzed in Dry
Needling Research in Sports

Among the various study designs, randomized experimental
studies were the most prevalent, underscoring a commitment
to rigorous scientific analysis within the field. Case reports
also maintained a significant presence, likely contributing
valuable anecdotal evidence and insights into individual
cases. However, notably absent were cohort studies, which
could offer deeper insights into the long-term effects and
broader applicability of dry needling in athletic contexts.
This deviation from common research practices in sports
is intriguing, as observational studies typically dominate,
whereas experimental studies are often less prevalent [51].
While experimental studies provide internal validity, non-
experimental studies, such as cohort studies, may offer
information about longer exposure periods to dry needling
[52], facilitating a better understanding of its efficacy and
potential limitations as a long-term therapeutic practice in
sports medicine. This, in turn, could guide more informed
decision-making within the athletic community.

The reviewed studies on dry needling exhibited consider-
able variability in protocols, including differences in nee-
dle insertion duration (ranging from 5 to 15 min), number
of insertions (from 3 to 12 needles), techniques used (e.g.,
“fast in, fast out” versus pistoning), and the incorporation
of electrical stimulation or ultrasound guidance. These dif-
ferences highlight a lack of standardization in dry needling
dosages, with inadequate reporting of critical parameters
such as insertion depth, total treatment time, and specific

pain tolerance thresholds. To improve future research, it is
recommended that protocols standardize these variables,
clearly define dosage parameters, and incorporate consistent
reporting guidelines to enhance reproducibility and clinical
relevance.

Considering the outcomes of studies on dry needling
among sports athletes, there appears to be a consistent focus
(75%) on analyzing and reporting outcomes related to pain
perception. This emphasis on pain assessment aligns with
the primary objective of investigating the effects of dry nee-
dling. Specifically, dry needling targets trigger points, which
are hyperirritable spots in skeletal muscle characterized by
palpable nodules or taut bands of muscle fibers [53]. These
trigger points can manifest as localized or referred pain, as
well as muscle tension [54]. Needles are inserted into these
trigger points to alleviate pain perception by disrupting the
neural pathways involved in pain signaling [55]. Conse-
quently, it is reasonable to anticipate that research outcomes
regarding pain relief could be explored more comprehen-
sively, regardless of whether they are conducted in postex-
ercise or injury recovery contexts.

In studies focusing on athletic performance outcomes
(58.3%), muscular strength and range of motion emerged as
the most prevalent areas of investigation, whereas physiologi-
cal adaptations were examined in fewer studies. It is hypoth-
esized that impairments in athletic performance (e.g., postex-
ercise), such as muscular performance, can be mitigated by
managing pain reduction [56], while limitations in range of
motion can be addressed by releasing tight muscles and pro-
moting muscle relaxation [57]. Therefore, rather than testing
the effects for improvements in athletic performance, studies
examining physical performance have aimed to analyze how
dry needling could alleviate impairments in physical perfor-
mance postexercise or during injury processes.

4.1.3 Contexts of Studies on Dry Needling in Sports

In terms of the primary focus of research, the majority of
postexercise studies employed experimental designs. Con-
versely, a more balanced distribution was observed in case
reports regarding the reporting of pain-related outcomes and
variations in athletic performance. Experimental studies
involving injured athletes were relatively rare, likely owing
to the complexities associated with recruiting injured ath-
letes compared with the relatively simple process involved
in case reports, which require fewer participants.
Considering the body regions targeted by interven-
tions, particularly in connection with sports, a wide array
of sports was represented (e.g., soccer, volleyball, running,
handball, pole vaulting, and triathlons). Among these, the
lower limbs were the most frequently addressed (58.3%),
with a focus on muscles such as the gastrocnemius and
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thigh. Conversely, in the upper region, the shoulder mus-
cles received the most attention (20.8%).

In sports modalities involving overhead movements
(e.g., volleyball, handball, and tennis), the shoulder often
experiences overuse, pain, and injuries [58], making it
justifiable to prioritize research in this area. Meanwhile,
hamstring injuries are commonly a focal point in sports
requiring significant lower limb engagement (e.g., run-
ning and soccer) [59]. However, dry needling research in
sports has predominantly concentrated on the gastrocne-
mius, possibly owing to the prevalence of studies involv-
ing runners who frequently experience muscle soreness
in this area [59], as well as the thigh. It may be prudent
to increase the focus on hamstring muscles in future stud-
ies to complement potential physiotherapy interventions
or alleviate pain resulting from progressive increases in
load, which often occur at specific points in the season
(e.g., preseason).

4.2 Dry Needling and Its Impact on Pain Alleviation
in Sports Athletes

It is hypothesized that dry needling stimulates a cascade of
neurophysiological events, including the release of endog-
enous opioids [60], such as enkephalins and endorphins
[61], which act as natural pain relievers. Additionally, the
insertion of needles into trigger points within the mus-
cle tissue triggers a localized twitch response, which is
believed to disrupt the dysfunctional motor endplate activ-
ity associated with chronic muscle pain [62]. Furthermore,
dry needling has been shown to increase blood flow to
the affected area [63], facilitating the delivery of oxygen
and nutrients while aiding the removal of metabolic waste
products. This enhanced circulation promotes tissue heal-
ing and reduces inflammation [64], possibly contributing
to the attenuation of muscular pain symptoms.

It is justifiable to emphasize researching the pain symp-
toms experienced by athletes following interventions with
dry needling. Some of the included studies demonstrated
significant improvements in pain symptom alleviation,
particularly in postexercise scenarios, as evidenced by
studies such as those conducted by Benito-de-Pedro et al.
[27], who reported reductions of 26.2% in pressure pain
threshold, and Walsh et al. [20], who observed reduc-
tions of 4.3-10.7% in pressure pain threshold compared
with control groups. However, studies such as those con-
ducted by Cushman et al. [31], Dos Santos et al. [39], and
Huguenin et al. [34] did not reveal significant effects when
compared with control groups.

4.2.1 Studies Involving Athletes Experiencing Injuries
or Musculoskeletal Pain or Dysfunction

In studies involving athletes experiencing injuries or mus-
culoskeletal pain or dysfunction (e.g., shoulder pain, tennis
elbow syndrome, scapular dyskinesia), significant positive
effects in pain relief were observed compared with control
groups. For instance, Ceballos-Laita et al. [38] reported that
pain intensity decreased by 82.5%, Etminan et al. [45] found
that the pain rate dropped by 88.4%, Kheradmandi et al. [46]
observed that pressure pain threshold decreased by 0.7%,
and Zarei et al. [7] showed a numerical pain rating score
of —75.9%. However, one study conducted by Janowski et al.
[35] on ballet dancers with calf pain reported no significant
differences between the treatment and control groups.

Additionally, in athletes experiencing pain and injuries,
the presence of localized pain or injuries may provide more
homogeneous targets for dry needling interventions. The
focused nature of the injury site and the repetitive stressors
inherent in athletic activities [60] may create a more con-
ducive environment for consistent pain reduction outcomes
with dry needling. Furthermore, the underlying pathology
is often more clearly delineated in this population than in
the population of nonathletes, allowing for a targeted and
standardized approach to dry needling application, thus
contributing to the observed effectiveness in reducing pain
intensity across studies.

4.2.2 Studies Focusing on Postexercise Recovery

In postexercise scenarios, the efficacy of dry needling in pain
management presents a landscape marked by inconsistent
findings. The variability in outcomes can be attributed to
multifactorial influences, notably the divergent physiologi-
cal responses following exercise. Postexercise pain dynam-
ics involve complex mechanisms, including inflammatory
processes, neural sensitization, and tissue remodeling [65],
which may interact with dry needling interventions in het-
erogeneous ways across individuals and study designs. Addi-
tionally, factors such as the timing of interventions relative
to exercise cessation (which varied in terms of implementa-
tion time and subsequent follow-up periods ranging from
24 to 48 h or more) [30], the fitness level and intensity and
duration of exercise [66], and individual pain perception
thresholds [67] contribute to the observed discrepancies.
Therefore, the efficacy of dry needling in postexercise recov-
ery may depend on individual factors, highlighting the need
for further research to identify those who may benefit most
from the intervention [68].

In studies reporting significant improvements, the dura-
tion of dry needling interventions tended to be longer com-
pared with postexercise studies, which often involved a sin-
gle session. This trend is exemplified by, for instance, studies
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by Etminan et al. [45], which was composed of nine sessions
over 3 weeks; Zarei et al. [7], which included 20 sessions
over 4 weeks; and Kheradmandi et al. [46], which involved
three sessions. Therefore, the duration and frequency of
dry needling interventions could be concurrent factors that
influence variations. Consequently, future research should
explore and compare the frequency and duration of dry nee-
dling interventions to understand whether these factors can
modulate how athletes manage pain or perceive the potential
benefits of dry needling. Additionally, comparing possible
extents is crucial, as the immediate acute effects can vary
in duration depending on the athlete. This line of inquiry
may unveil individualized thresholds or identify effective
minimum doses for optimal outcomes.

4.3 Dry Needling and Its Influence
on Neuromuscular Function, Range of Motion,
and Physiological Parameters

While the primary focus of dry needling in sports applica-
tions is pain management, their pain reduction could also
enhance subsequent muscular performance or increase range
of motion, thereby improving athletes’ physical capabilities
during recovery. For instance, dry needling may facilitate
improvements in muscle stiffness and motoneuron excit-
ability of latent medial myofascial trigger points. However,
the evidence is inconsistent and typically does not strongly
support this hypothesis [56, 69, 70].

Studies tend not to show any significant effects of dry
needling on muscle force production. For instance, Ceballos-
Laita et al. [38] found no significant difference in internal
and external rotation strength among handball players with
shoulder pain compared with the control group. Addition-
ally, Devereux et al. [33] revealed that, while maximal force
and power were not significantly enhanced by dry needling
compared with the control group, jump height improved
48 h after the intervention in male field sport athletes with
latent myofascial trigger points in the rectus femoris and
medial gastrocnemius muscles bilaterally. Furthermore,
Etminan et al. [45] observed athletes with chronic tennis
elbow and found no significant effects of dry needling com-
pared with the regular physiotherapeutic approach in terms
of grip strength. Similarly, Janowski et al. [35] observed no
significant effects of dry needling on triceps surae torque
among ballet dancers experiencing calf pain compared with
the control group.

4.3.1 Studies Involving Athletes Experiencing Injuries
or Musculoskeletal Pain or Dysfunction

In athletes with unilateral shoulder pain, Ceballos-Laita
et al. [38] found that individuals exposed to dry needling
exhibited more significant changes than the control group in

internal rotation range of motion, external rotation, gleno-
humeral internal rotation deficit, external rotation gain, and
extensibility. Conversely, Janowski et al. [35], who studied
the effects on ballet dancers, found no statistical difference
in lunge range of motion measurements between the dry
needling and sham groups. Variations in study methodolo-
gies, such as the timing of effects analysis, which may have
influenced the observed effects such as duration, along with
differences in participant characteristics (e.g., shoulder pain
and calf pain) and treatment durations, may have contributed
to such discrepancies.

Concerning the balance of athletes dealing with pain and
injuries, Lopez-Gonzalez et al. [36] found that basketball
players with chronic ankle instability who underwent dry
needling demonstrated statistically significant improvements
in static postural control measures. These improvements
were evidenced by decreased sway variability and center of
pressure displacement among those who received dry nee-
dling compared with those who did not.

Additionally, Zarei et al. [7] reported that incorporat-
ing dry needling into regular physiotherapy interventions
revealed clinically significant improvements in functional
performance only in the dry needling group during dynamic
balance testing. One possible explanation is that dry nee-
dling can enhance proprioception and sensory feedback
necessary for maintaining balance [71]. However, regarding
postexercise recovery, Benito-de-Pedro et al. [29] found no
significant effects of dry needling on static plantar pressure
compared with the ischemic compression group. Thus, fur-
ther research is necessary to comprehend the mechanisms
underlying the reported evidence. Comparative analyses are
also needed to identify the influence of dry needling on the
health of both injured and uninjured athletes.

Regarding physiological responses, Janowski et al.
observed significant differences in mean temperature when
investigating ballet dancers experiencing calf pain and com-
paring dry needling versus sham dry needling [35]. Specifi-
cally, both the right and left calves in the sham group, as
well as the right calf in the dry needling group, exhibited
noteworthy differences in temperature [35]. One potential
explanation for the decrease in muscle temperature in dry
needling is the activation of the descending pain inhibitory
pathways, triggered by the insertion of the needle into the
muscle tissue [72]. This activation can lead to the release of
endogenous opioids and neurotransmitters such as serotonin
and norepinephrine [60], which may induce local vasodila-
tion and increase blood flow [63], consequently reducing
muscle temperature.

4.3.2 Studies Focusing on Postexercise Recovery

Regarding postexercise recovery, a single session of dry
needling was less effective than cold water immersion in
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restoring maximal force in Paralympic powerlifters accord-
ing to Dos Santos et al. [39]. Conversely, Haser et al. [22]
reported that soccer players exposed to dry needling expe-
rienced significant benefits in muscular endurance and hip
flexion range of motion compared with the placebo group.

Considering range of motion, it has been hypothesized
that dry needling can reduce muscle tone and tension by
eliciting a local twitch response within trigger points, thus
relaxing the affected musculature [73]. This reduction in
muscle tension may allow for increased flexibility and range
of motion in the targeted muscles [74]. In a postexercise
context, Benito-de-Pedro et al. [29] revealed no significant
differences in the dorsiflexion range of motion at the tibi-
ofibular—talar joint or in static and dynamic plantar pressure
alterations before and immediately after the intervention.

Regarding physiological responses, Aidar et al. [40]
investigated dry needling’s impact on postexercise recov-
ery in Paralympic powerlifters. Their findings revealed a
decrease in systolic blood pressure immediately follow-
ing dry needling treatment. However, a contrasting pat-
tern emerged at 50- and 60-min post-recovery. The passive
recovery method resulted in a significantly higher heart
rate and doubled product values compared with both cold-
water immersion and dry needling. Similarly, Dos San-
tos et al. [39] observed members of the same cohort and
demonstrated that dry needling was the only intervention
associated with increased interleukin (IL)-2 levels at vari-
ous time points. Muscle thickness did not increase follow-
ing dry needling; conversely, cold water application led to
greater muscle thickness at 15 min and 2 h post-treatment.
These results suggest that cold water immersion facilitates
effective recovery up to 24 and 48 h postexercise, while dry
needling appears to be a favorable option within the initial
24-h recovery window.

In a study focusing on postexercise recovery in triathletes,
Benito-de-Pedro et al. [27] reported no statistically signifi-
cant differences in thermography measurements between
two treatment modalities: dry needling and ischemic com-
pression. This lack of significant differences was consist-
ent across the superficial zone adjacent to latent myofascial
trigger points and corresponding anatomical locations with
healthy soft tissue in the contralateral limb, before and after
treatment.

4.4 Adverse Effects of Dry Needling

Dry needling may pose potential risks to patients, albeit
with minimal frequency and severity. For instance, in a sur-
vey involving 39 physiotherapists [15], commonly reported
adverse effects included bruising, bleeding, pain during
treatment, and post-treatment pain. While such mild adverse
effects were frequently cited, significant adverse events were
rare [15].

Among the 24 studies analyzed in our systematic review,
only 3 explicitly documented adverse effects. Benito-de-
Pedro et al.’s [29] study, which involved 17 athletes under-
going dry needling, noted two cases of local hematoma in
the treatment area. Moreover, Brewster et al. [30] observed
minimal and tolerable pain during needle insertion at various
sites as the sole adverse reaction. Additionally, Huguenin
et al. [34] noted that two subjects experienced synco-
pal responses to needling, but they recovered swiftly and
completed the study. Meanwhile, one participant initially
reported atypical chest pain, but this was resolved after a
thorough medical evaluation, and the participant resumed
the trial 2 days later.

Despite these isolated incidents, the majority of studies
either reported no adverse effects or did not provide detailed
documentation. However, there is inconsistency in reports
of dry needling dosing parameters and adverse effects [75].
Without more comprehensive reporting, future studies will
face significant limitations in replicating the methods of pre-
vious experiments and advancing the understanding of dry
needling’s efficacy and safety profile.

4.5 Study Limitations and Future Research

The current analysis of the identified methodological char-
acteristics revealed a prevalent risk of bias stemming from
the lack of blinding among participants and therapists, as
well as insufficient detail regarding allocation concealment.
These issues require significant consideration. Blinding, also
known as masking, is a pivotal methodological tool that mit-
igates bias in research. The knowledge that participants or
researchers have regarding the treatment administered can
influence their behaviors and evaluations, potentially dis-
torting the results. For example, participants who are aware
that they are receiving an experimental treatment may report
more favorable outcomes owing to placebo effects or sub-
conscious biases. Likewise, if researchers are not blinded to
the treatment, their expectations and interactions with par-
ticipants could subtly sway the study’s outcomes.

Furthermore, allocation concealment is crucial in ensur-
ing the impartial assignment of participants to various
treatment groups. Inadequate concealment raises the risk
of selection bias, by which researchers may consciously or
inadvertently influence group assignments based on factors
beyond randomization, thus compromising the study’s inter-
nal validity.

A review of the methodological report indicated that
the significant limitations commonly found in the studies
included in this systematic review pertain to the reporting
of dosages, specific treatment procedures, and intervention
details. This observation aligns with a previous systematic
review [75] that underscored inconsistencies in reporting dry
needling dosing parameters and adverse effects. The failure
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to accurately determine the effects of dry needling dosages
on outcomes could introduce bias into decisions regarding
its clinical efficacy or optimal dosage.

Future research should prioritize enhancing the quality
of reporting on treatment procedures, dosages, and adverse
effects, perhaps by adopting standardized reporting protocols
tailored to these specific elements. Additionally, regarding
the evidence gap map, it is crucial to expand the inclusion
of elite and world-class athletes while also integrating more
Paralympic athletes into studies. Furthermore, there is a
need to incorporate a broader range of neuromuscular and
physiological outcomes in experimental studies. Moreover,
longitudinal cohorts are recommended to provide a compre-
hensive, long-term perspective on the effects of dry needling
experienced by athletes.

5 Conclusions

The current systematic review on dry needling in sports and
sports recovery revealed that most studies are randomized
experimental or case—control studies, while studies includ-
ing cohorts for long-term analysis are conspicuously lack-
ing. Among the primary populations included, those at the
trained/developmental and national levels are the most stud-
ied, whereas there is a dearth of research on world-class
athletes and specific populations such as Paralympians. The
representation of different sexes is relatively balanced in dry
needling studies.

Regarding methodological reporting, there is a clear
inconsistency in reports of adverse effects and, notably, in
the details of the procedures and dosages of dry needling
interventions, which are crucial for ensuring replicability.
Pain perception is the most prevalent outcome explored,
while musculoskeletal functioning (including muscle
strength, range of motion, and balance) is investigated
relatively rarely and exhibits more diversity in reporting
methods.

Most studies focused on testing the effects of dry nee-
dling in postexercise recovery or the treatment of pain or
injuries. Overall, the evidence suggests that dry needling
has significant positive effects on alleviating pain in athletes
who are suffering from injuries or pain. However, the results
regarding the benefits seen in healthy athletes in postexercise
contexts are quite varied. Concerning the effects of dry nee-
dling on functioning, improved balance and range of motion
are commonly observed benefits in injured athletes or those
with pain. However, in healthy athletes, these effects are not
significant. Dry needling appears to have limited effects on
muscular force and physiological adaptations.

Therefore, there is a need for more studies of dry needling
sports and increased diversity in such studies. Nevertheless,
dry needling appears to be beneficial in reducing pain and

improving certain functional parameters for athletes suffer-
ing from pain or injury. The effectiveness and a low level of
adverse effects in these athletes were observed. Its efficacy
appears to be less evident in healthy individuals than in indi-
viduals suffering from injuries or pain, but the results in this
regard are ambiguous.
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