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Abstract

Background. Exercise-based interventions are increasingly incorporated into archery training to enhance
performance and reduce injury risk. However, the extent to which these interventions directly contribute to injury
management and performance improvement remains unclear.

Objectives. This systematic review aimed to examine the effects of exercise interventions on injury management
and performance improvement in archers. The review synthesizes 10 years of evidence (January 2015-April 2025) to
provide recommendations for developing targeted exercise programs that address both performance optimization

and injury prevention.

Materials and Methods. A comprehensive search was conducted across PubMed, Scopus, Web of Science, and
SPORTDiscus, yielding 767 articles. Studies were screened according to predefined inclusion criteria, resulting

in 15 eligible studies. Extracted outcomes included shooting accuracy, postural control, muscle strength, and
indicators relevant to injury management. Methodological quality was assessed using the SQAC, with all included
studies scoring >50%, indicating acceptable-to-high methodological rigor. Due to heterogeneity in study designs,
interventions, and outcome measures, a meta-analysis was not performed.

Results. Most studies focused primarily on performance enhancement rather than direct injury management.
Nonetheless, several exercise interventions demonstrated indirect benefits relevant to injury management and
prevention, including improvements in postural stability, neuromuscular control, and muscular endurance. Core
stability training, Pilates-based balance training, circuit training, and strength conditioning consistently produced
significant improvements in postural stability (moderate-to-large effect sizes), muscle strength, and shooting
accuracy. Targeted exercises such as lower trapezius strengthening, compound weight training, and archery-specific
drills further enhanced accuracy, endurance, and neuromuscular coordination.

Conclusions. Exercise interventions meaningfully improve key performance outcomes in archers and may provide
indirect benefits for injury prevention through improvements in strength, balance, postural control, and neuromuscular
stability. Future research should incorporate standardized exercise protocols and prioritize larger randomized controlled
trials explicitly examining injury-related outcomes to strengthen evidence-based practice in archery.

Keywords: archery, injury prevention, performance, strength training, systematic review.

Introduction

Archery is a competitive sport that requires a high level
of physical strength and endurance to maintain technical
consistency during performance (Falaahudin et al., 2024;
Lau et al., 2020; Mohd Saleh et al., 2022). In addition,
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optimal archery performance depends on postural stability,
balance, accuracy, and well-developed fine motor skills (Patil
& Koley, 2019; Putra, 2022; Sarro et al., 2021). The specific
nature of archery involves prolonged and repetitive upper-
limb movements, which place considerable mechanical
demands on the musculoskeletal system (Yachsie et al., 2023;
Niestroj et al., 2018). When combined with sustained static
postures, these demands substantially increase the risk of
musculoskeletal injuries among archers (Alberola-Zorrilla
et al., 2022; Subramaniam et al., 2025).
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Although archery is generally regarded as safe sport,
injury rates can reach as high as 4.4 per 10,000 participants
(Agranovich et al., 2024). A recent study of Malaysian elite
archers reported that over 80% had experienced at least
one injury, predominantly affecting the shoulder (bow arm
56.4%, drawing arm 54.5%), upper back (38.8%), lower
back (38.2%), and neck (37.6%) (Subramaniam et al., 2025).
Contributing factors such as improper technique, high
training volume, insufficient strength and poor balance have
been identified as significantly increase injury risk (B. R.
Prine et al., 2023; Subramaniam et al., 2025). These factors
not only heighten susceptibility to injury but may also
compromise performance consistency and athlete longevity.
Accordingly, implementing effective injury management
strategies comprising well designed exercise programs
with appropriate volume and intensity, along with training
and movement corrections could mitigate injury risks and
sustain athlete’s performance.

Optimal archery performance requires precise physi-
cal control and stability throughout the shooting process
that require a good core strength and lumbopelvic stabil-
ity along the kinetic chain system (Sarro et al., 2021; Sprat-
ford & Campbell, 2017). Core stability, involving the trunk
muscles supporting spinal alignment and abdominal organs,
plays a central role in maintaining postural control and en-
abling efficient limb movement (Akuthota et al., 2008; Sarro
et al,, 2021). Research indicates that exercises targeting core
strengthening exercises can improve dynamic balance abili-
ties and reduce injury risks among archers (Park et al., 2016;
Suppiah et al., 2017). Furthermore, balance training plays a
vital role in synchronizing body movements with bow sway,
a factor that significantly influences shooting accuracy (Sar-
ro etal., 2021). Balance performance itself correlates strongly
with archery success (Mohd Saleh et al., 2022) and tests such
as static balance and star excursion have been linked to ath-
lete’s anthropometric characteristics (Patil & Koley, 2019).

In addition to core and balance factors, both upper
and lower limb strength are essential for performance and
stability. Upper limb strength, particularly in the arms,
enableseffectivebowdrawingand holding, directlyimpacting
shooting accuracy and endurance (Liao et al., 2022; Susanto
etal.,2021; Yachsie, Pranata, etal., 2023). Concurrently, lower
limb strength especially in the hip extensors, abductors and
knee flexors has been shown to significantly enhance balance
control, which is vital for maintaining a stable shooting
posture (Inoue et al., 2013; Wilson et al., 2018). Despite the
recognition of limb strength’s importance in archery, most
of the training still emphasize on upper limb strength, with
comparatively less focus on concurrent lower limb or trunk
strengthening (Agranovich et al., 2024; Jogi et al., 2024;
Subramaniam et al., 2025). It is essential to emphasize the
integration of the upper limbs, trunk, and lower limbs, as
the kinetic chain concept illustrates that effective movement
in archery depends on the coordinated interaction of the
shoulder-elbow-wrist force chain, trunk stabilization, and
lower limb support (Liu, 2025) together with both static and
dynamic postural stability (Fan et al., 2025; Kesilmis et al.,
2024). Previous systematic reviews in archery have explored
biomechanical and performance related factors (Jogi et al.,
2024; Lau et al., 2020), but they have placed less emphasis
on exercise interventions that concurrently address injury
management and performance enhancement. Consequently,
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a need exists for an integrated review synthesizing evidence
on exercise interventions designed to improve both injury
outcomes and performance in archers.

This systematic review aims to address these gaps by
critically evaluating exercise interventions that support
both injury management and injury prevention, while
also enhancing performance in archery. By synthesizing
current research, the review provides evidence-based
recommendations for designing targeted exercise programs
that can optimize performance and reduce the risk of injury
among the archers.

Materials and Methods

Study Design and Protocol

This review adhered to the PRISMA-P (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines (Moher et al., 2009) and registered in PROSPERO
(The International Prospective Register of Systematic
Reviews) with identification number - CRD42023445770.
The evaluation process was conducted according to the
following: (1) preliminary, (2) identification, (3) screening,
(4) eligibility, and (5) analysis. The review adhered to the
pre-specified protocol without deviations; no amendments
were made following registration.

Study Process

Preliminary Phase

In the initial phase, the research questions were
formulated using the PICO framework (Population,
Intervention, Comparison, and Outcome measures), as
outlined in Table 1 (Aromataris & Riitano, 2014). Utilizing
this framework, a preliminary search was conducted by

Table 1. PICO concept table

Research question: What exercise interventions are most
effective for managing injuries and enhancing performance in
archery athletes?

PICO FRAMEWORK

The participants consisted of healthy female and
male archers of all ages and competitive levels,
with no restrictions.

Population

Intervention  Any form of exercise intervention without
constraints on training length, such as strength

training, stretching exercises, circuit training, etc.

Comparison Comparing against pre- or post-intervention data

or a control group

Outcomes Injury prevention, injury management, and skill
performance

Treatment effects or pre- and post-test values on
injury prevention, management, or performance
skills should be reported in the research, and at
least one effect of the exercise intervention should
be included.

Actions involving a particular task or objective
and requiring the synchronization of many motor
skills in a given context and time period were
deemed as technical skill outcomes.
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combining the following terms: archer (population), exercise
(intervention), and injury prevention, injury management,
and skill performance (outcome measures). Keywords
derived from the titles and abstracts of the selected articles
were further refined utilizing a thesaurus and arranged into
an organized grid table (Table 2).

Table 2. Logic grid with identified keywords

Logic grid with identified keywords

Population Intervention Outcomes
Archer* Exercise Injury prevention
Archer* athlete  Training Injury management
Shooting sport Physiotherapy Athlet* performance
Shooting game Rehab* Technical skill

Resistance Technique

Identification phase

The current study primarily employed the databases
PubMed, Web of Science (WOS), SPORTDiscus, and Scopus,
covering publications from January 2015 to April 2025. The key-
words in the titles, abstracts, or topics of papers were matched in
advance searches using a key search strategy that used Boolean
operators, phrases, truncations, and wildcards (Table 3).

767 records were found overall as a result of the search, in-
cluding 95 articles from PubMed, 223 from WOS, 72 from Sport-
Discus, and 377 from Scopus. In addition to database searches,
we included a grey literature search using Google Scholar, Pro-
Quest Dissertations, and relevant sport science repositories to
identify unpublished theses and conference proceedings. Hand-
searching of reference lists from included articles and relevant
reviews was also performed to ensure completeness.

Screening phase

The articles from all the databases were exported to
Mendeley software to remove duplicates. Only 607 were
screened in the third phase after eliminating duplication.
During the initial part of this phase, all articles were
evaluated based on (1) document type, (2) publication year,
(3) language, and (4) topic area. (Table 4). The researchers
restricted their selection to journal publications with
empirical data, omitting master’s theses, book chapters,
conference proceedings, prefaces, and articles of opinion.
In addition, only papers pertaining to archery or shooting
disciplines, published in English between 2015 and 2025,
were considered, yielding a total of 111 articles.

A second evaluation of the articles was conducted in
accordance with their abstracts and titles during the second
stage of the screening procedure. Articles were removed if
they: (1) centered on psychological, mental, attention, arousal,
concentration, or medication aspects, (2) were unrelated
to exercise interventions or performance enhancement, (3)
involved technology, or (4) pertained to Paralympic athletes.
As a result, 18 articles were selected in this phase. Two
researchers (AS and FFZ) independently evaluated the titles
and abstracts of the discovered documents, subsequently
conducting a full-text review. All experimental and quasi-
experimental research were considered. All differences were
addressed through discussions with the third author (MR).
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Table 3. Databases and key search strings

Results
95

Database
PubMed

Strings
(“Archer*”[Title/ Abstract] OR
“Archer* athlete*”[Title/ Abstract]
OR “Shooting sport”[Title/Abstract]
OR “Shooting game”[Title/Abstract])
AND (“Exercise”[Title/ Abstract]
OR “Training”[Title/Abstract] OR
“Physiotherapy”[Title/ Abstract]
OR “Rehab*”[Title/Abstract] OR
“Resistance”| Title/Abstract] OR
“Strength”[Title/ Abstract] OR “Physical
activity”[Title/ Abstract]) AND (“Injury
prevention”[Title/ Abstract] OR “Injury
management”[Title/Abstract] OR
“Athlet* performance”[Title/Abstract]
OR “Technical skill*”[Title/ Abstract]
OR “Technique”[Title/ Abstract]
OR “Performance”|[Title/ Abstract]
OR “Injur*’[Title/Abstract] OR
“skill*”[Title/ Abstract])

TS = (“Archer*” OR “Archer* athlete*”
OR “Shooting sport” OR “Shooting
game”) AND (“Exercise” OR “Training”
OR “Physiotherapy” OR “Rehab*”

OR “Resistance” OR “Strength” OR
“Physical activity”) AND (“Injury
prevention” OR “Injury management”
OR “Athlet* performance” OR
“Technical skill*” OR “Technique” OR
“Performance” OR “Injur*” OR “skill*”)

AB ( (“Archer*” OR “Archer* athlete*”
OR “Shooting sport” OR “Shooting
game”) ) AND AB ( (“Exercise” OR
“Training” OR “Physiotherapy”

OR “Rehab*” OR “Resistance” OR
“Strength” OR “Physical activity”) )
AND AB ( (“Injury prevention” OR
“Injury management” OR “Athlet*
performance” OR “Technical skill*”
OR “Technique” OR “Performance” OR
“Injur*” OR “skill*”) )

TITLE-ABS-KEY (“Archer*” OR
“Archer* athlete*” OR “Shooting sport”
OR “Shooting game”) AND (“Exercise”
OR “Training” OR “Physiotherapy”
OR “Rehab*” OR “Resistance” OR
“Strength” OR “Physical activity”)
AND (“Injury prevention” OR

“Injury management” OR “Athlet*
performance” OR “Technical skill*”
OR “Technique” OR “Performance” OR
“Injur*” OR “skill*”)

Web of Science 223

SPORTDicus 72

SCOPUS

377

TOTAL 767

Eligibility phase

A full-text screening of all 18 articles was conducted.
Three articles were excluded because they were case studies
or focused on validity and reliability. Figure 1 presents a
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Table 4. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Non-exercise-based interventions
— Articles focusing on
psychological, nutritional,
pharmacological, or surgical
interventions without an exercise
component.

Investigated exercise
interventions targeting
performance improvement
and/or injury prevention or
management in archers

Involved competitive or
recreational archers of any age

Low methodological quality -
Articles with major flaws in study
design, insufficient reporting, or
no control/comparison group (for
experimental designs).

Used experimental or quasi-
experimental

Master’s theses, book chapters,
conference proceedings, prefaces,
and articles of opinion

Year published; between
January 2015 to April 2025

Studies published in English

Paralympic athlete populations.

Reported outcome
measures related to physical
performance, postural
control, or injury profiles in
archery

summary of the four stages of the systematic review.
Ultimately, 15 articles remained for analysis.

There are several rationales for considering 15 publica-
tions sufficient for the present systematic literature review
(SLR), which collectively demonstrate that this number is
consistent with both methodological norms and existing
evidence in the field. First, drawing on the concept of study
maturity articulated by Kraus et al., 2020, it is recognized
that immature research fields often yield a relatively small
number of articles, largely due to the scarcity of studies ad-
dressing exercise interventions for archers in the context of
injury management and performance improvement.

There are several rationales for considering 15 publica-
tions sufficient for the present systematic literature review
(SLR), which collectively demonstrate that this number is
consistent with both methodological norms and existing evi-
dence in the field. First, drawing on the concept of study ma-
turity articulated by Kraus et al. (2020), it is recognized that
immature research fields often yield a relatively small num-
ber of articles, largely due to the scarcity of studies address-
ing exercise interventions for archers in the context of injury
management and performance improvement. Second, Rob-
inson and Lowe (2015) observed that SLRs commonly exam-
ine fewer than 50 articles, and in many cases fewer than 10,
thereby supporting the adequacy of a smaller dataset. Third,
precedents in the literature reinforce this point: published
SLRs focusing on exercise and physical training among ar-
chers, such as those by Jogi et al. (2024) and Lau et al. (2020)
each reviewed only 10 studies. Collectively, these consider-
ations justify the selection of 15 studies as a sufficient and
methodologically sound basis for the present review.

Quality Appraisal

The methodological quality of the included studies
(n=15) was assessed using the Standard Quality Assessment
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Criteria (SQAC), which evaluates key domains such
as sample selection, intervention design, outcome
measurement, and reporting clarity. The SQAC was selected
as it allows consistent methodological evaluation across
both randomized and non-randomized designs, which were
prevalent in this review. This approach enabled comparability
across heterogenous intervention studies without excluding
relevant quasi-experimental evidence. However, it is
acknowledged that SQAC does not provide the same level of
bias domain specificity as randomized control trial focused
tools such as RoB 2 or Robins-I. Therefore, while SQAC was
appropriate for this mixed design reviews, its use represents
a methodological limitation that may reduce sensitivity in
detecting certain area of bias.

Two independent reviewers assessed each study’s
quality. Any discrepancies were resolved through discussion
with a third reviewer. Each study was evaluated based on
the checklist, with scores assigned as follows: Y = fully met
the criteria (score 2), P = partially met the criteria (score 1),
and N = did not meet the criteria (score 0). If a criterion was
inapplicable to a specific research, it was designated as ‘n/a’
A cumulative quality score was calculated for every article
and changed to a percentage following the grading process.

A quality threshold of >50% was used to denote
acceptable methodological rigor, consistent with earlier
reviews employing SQAC (Kmet, 2004). Although this
threshold is inherently arbitrary, this cutoff provides a
practical compromise by eliminating studies with inadequate
methodology while keeping those with adequate internal
validity (Kmet, 2004). All 15 articles scored above 50% and
were therefore included in this phase (Table 5).

Results

Study Selection, Screening and Eligibility

The systematic review process for study selection
is illustrated in Figure 1. A total of 767 articles were
initially obtained from numerous databases. Following
the elimination of duplicates, 607 articles were retained
and evaluated according to the established inclusion and
exclusion criteria, as well as the criteria pertaining to
exercise interventions. This screening process resulted in 18
relevant articles. Upon further review of the full-text articles,
3 were excluded because they were either case studies or
studies focused on validity and reliability. Ultimately, 15
articles met the final eligibility criteria, each scoring over
80% in the quality assessment and were considered in the
current review. A meta-analysis was not performed due to
the diversity in the training protocols utilized for injury
management and performance development in archers.
Table 6 presents the primary findings.

Study Characteristics

All 15 publications considered in the present analysis
are published in English and were published between 2015
and 2025.Two studies were conducted in India (Chatla et al.,
2023; Khan et al., 2024), five studies in Indonesia (Nasrulloh
et al., 2022; Prasetyo et al., 2023; Subekti et al., 2023; Yachsie
et al., 2024; Yachsie, Pranata, et al., 2023)3-4 sets, 15-
25 repetitions, and 1-2 minutes of rest between sets. The
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study population was Yogyakarta State University archery
athletes selected via purposive sampling. The instrument
used to measure muscle strength is the hand grip strength
test. Meanwhile, to measure the upper, lower, and middle
body for the endurance of muscular test, four kinds of test
items were used namely bench jump, bent leg curl-ups,
abdominal crunches, modified dips (man and one each in
Japan (Shinohara et al., 2023)side bridges are performed
in a posture similar to archery shooting for training
the muscles around the shoulder joint and the shoulder
girdle of the pusher. Aim The purpose of this study was to
determine whether a low-tremor side-bridge exercise for
4 weeks improves bow tremor during archery movements.
Methods Participants were 20 male college students. First,
we measured the tremor during side bridges performed
with trunk inclinations of 25°, 40°, 55°, and 70° using an
accelerometer attached to the elbow joint and identified low-
tremor side bridges. The participants were then randomly
divided into intervention and non-intervention groups, and
the low-tremor side bridges were performed for 4 weeks.
Results The effect of the intervention was determined by
measuring the total tremor value using an accelerometer
attached to the bow and changes in the median power
frequency (MdPF, Korea (Park et al., 2016), Turkey (Beyaz
et al., 2024), Thailand (Hemara et al., 2021), China (Geng et
al., 2023), Ukraine (Sergiy et al., 2017), Malaysia (Suppiah et
al., 2017) and Taiwan (Liao et al., 2022).

Three studies focused on international and nationallevels
(Chatla et al., 2023; Hemara et al., 2021; Khan et al., 2024),
two studies addressed beginner levels (Beyaz et al., 2024;
Shinoharaetal., 2023)these interlimb asymmetries have been
shown to associate with spatial patterns of hand selection
behavior. Importantly, these interlimb asymmetries can be
modified systematically by occlusion of visual feedback, or a
long-term sports training. In this study, we asked about the
effects of a short-term training on interlimb asymmetries.
Eighteen healthy young participants underwent a 12-week
novice traditional archery training (TAT, while high school
level was examined in two studies (Park et al., 2016; Suppiah
et al,, 2017) and university level in two studies (Liao et al.,
2022; Nasrulloh et al., 2022). One study investigated both
national level and basic training archers (Sergiy et al., 2017)
and five studies did not specify the level of the archers (Geng
etal., 2023; Prasetyo et al., 2023; Subekti et al., 2023; Yachsie
et al., 2024; Yachsie, Pranata, et al., 2023)this paper also
explores the relationship between attention and performance
in competitions. Methods: By random sampling method, 24
archery athletes were investigated. They were divided into
three groups: A, B, and C. Group A represented excellent
scores (8).

Outcome Measures

In the analysis of outcome variables of each study,
shooting accuracy were the most assessed variables (Chatla
et al., 2023; Geng et al,, 2023; Khan et al., 2024; Liao et al,,
2022; Prasetyo et al., 2023; Sergiy et al., 2017; Suppiah et
al.,, 2017; Yachsie et al., 2024; Yachsie, Pranata, et al., 2023),
followed by posture (Hemara et al., 2021; Sergiy et al., 2017;
Suppiah et al., 2017), balance and stability (Hemara et al.,
2021; Park et al., 2016; Prasetyo et al., 2023), arm muscle
strength (Nasrulloh et al., 2022; Sergiy et al., 2017; Yachsie,

67

Pranata, et al., 2023), arm muscle endurance (Nasrulloh et al.,
2022; Subekti et al., 2023)to increase arm muscle endurance
of archery athletes. This type of research is an experiment
with a “Two Groups Pretest-Posttest Design” design. The
population is archery athletes, totaling 20 males sex with
ages 12-15 years. The exercise was carried out for six weeks.
The instrument uses the Holding Bow Digitec Test. The data
analysis technique was a t-test. The results showed: 1 and
one study on each of the following variables; lumbopelvic
stability (Khan et al., 2024), tremor (Shinohara et al., 2023)
side bridges are performed in a posture similar to archery
shooting for training the muscles around the shoulder joint
and the shoulder girdle of the pusher. Aim The purpose of
this study was to determine whether a low-tremor side-
bridge exercise for 4 weeks improves bow tremor during
archery movements. Methods Participants were 20 male
college students. First, we measured the tremor during side
bridges performed with trunk inclinations of 25°, 40°, 55°,
and 70° using an accelerometer attached to the elbow joint
and identified low-tremor side bridges. The participants
were then randomly divided into intervention and non-
intervention groups, and the low-tremor side bridges were
performed for 4 weeks. Results The effect of the intervention
was determined by measuring the total tremor value using
an accelerometer attached to the bow and changes in the
median power frequency (MdPE, muscle activities of upper
trapezius, lower trapezius and serratus anterior (Shinohara
et al., 2023)side bridges are performed in a posture similar
to archery shooting for training the muscles around the
shoulder joint and the shoulder girdle of the pusher. Aim
The purpose of this study was to determine whether a low-
tremor side-bridge exercise for 4 weeks improves bow tremor
during archery movements. Methods Participants were 20
male college students. First, we measured the tremor during
side bridges performed with trunk inclinations of 25°, 40°,
55° and 70° using an accelerometer attached to the elbow
jointand identified low-tremor side bridges. The participants
were then randomly divided into intervention and non-
intervention groups, and the low-tremor side bridges were
performed for 4 weeks. Results The effect of the intervention
was determined by measuring the total tremor value using
an accelerometer attached to the bow and changes in the
median power frequency (MdPE, arm reaching movement
performance (Beyaz et al., 2024), precision (Hemara et
al., 2021), attention (Geng et al., 2023), core strength and
endurance (Suppiah et al., 2017), lower trapezius strength
and shoulder kinematics (Liao et al., 2022) (Table 6).

Duration of the Study

The highest duration of intervention among the studies
was six weeks (Khan et al., 2024; Prasetyo et al., 2023; Sergiy
et al., 2017; Subekti et al., 2023; Yachsie et al., 2024; Yachsie,
Pranata, et al., 2023)ip 2 = 0.159, p = 0.03, twelve weeks
(Chatla et al., 2023; Liao et al., 2022; Park et al., 2016), eight
weeks (Nasrulloh et al., 2022; Suppiah et al., 2017), four
weeks (Shinohara et al., 2023)side bridges are performed
in a posture similar to archery shooting for training
the muscles around the shoulder joint and the shoulder
girdle of the pusher. Aim The purpose of this study was to
determine whether a low-tremor side-bridge exercise for
4 weeks improves bow tremor during archery movements.
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Methods Participants were 20 male college students. First,
we measured the tremor during side bridges performed
with trunk inclinations of 25°, 40°, 55°, and 70° using an
accelerometer attached to the elbow joint and identified low-
tremor side bridges. The participants were then randomly
divided into intervention and non-intervention groups, and
the low-tremor side bridges were performed for 4 weeks.
Results The effect of the intervention was determined by
measuring the total tremor value using an accelerometer
attached to the bow and changes in the median power
frequency (MdPE, 12 to 16 weeks (Geng et al., 2023), one
day (Hemara et al., 2021) and one study did not mention the
duration (Beyaz et al., 2024).

Types of Exercise Intervention

Balance, Pilates and Core Training

A growing body of evidence highlights the effectiveness
of balance, Pilates and core training, with four studies
exploring various approaches (Khan et al., 2024; Park et al,,
2016; Prasetyo et al., 2023; Suppiah et al., 2017). Specifically,
these included Pilates and balance exercise (Khan et al.,
2024), circuit training using a Bosu ball (Prasetyo et al.,
2023), Pilates core stability (Park et al., 2016) and a core
stability program using bodyweight exercises (Suppiah et
al.,, 2017). All studies reported significant improvements
(p<0.05) in performance outcomes, particularly in shooting
accuracy (Khan et al., 2024; Prasetyo et al.,, 2023), balance
(Park et al., 2016; Prasetyo et al., 2023) and reduction in
postural sway (Suppiah et al., 2017).

Strength Training

Five studies have focused on strength training to improve
the performance among the archers (Chatla et al., 2023;
Liao et al., 2022; Nasrulloh et al., 2022; Subekti et al., 2023;
Yachsie, Pranata, et al., 2023). Three studies have focused
on arm muscle strength (Nasrulloh et al., 2022; Subekti
et al., 2023; Yachsie, Pranata, et al., 2023), two studies on
shooting accuracy (Chatla et al., 2023; Yachsie, Pranata, et
al., 2023), one study on overall endurance of upper, lower,
and middle muscle groups (Nasrulloh et al., 2022), and one
study on lower trapezius muscle strength (Liao et al., 2022).
Significant improvements were noted in all the outcome
measures of the studies intervention (p<0.05).

Posture and Coordination

Three studies have investigated posture and
coordination in archery (Beyaz et al., 2024; Hemara et al,,
2021; Sergiy et al., 2017). The first study adopted traditional
archery technique training to examine improvements
in arm reaching movement performance (Beyaz et al.,
2024). The second study utilized the archery skill analysis
assessment form (ASAAF) to enhance posture, focus and
muscle control among archers (Hemara et al., 2021). The
third study implemented a specialized training program me
targeting coordination, technical skills readiness as well as
improvement in completion of complex tasks (Sergiy et al.,
2017). All three studies reported significant improvement
(p<0.05) in their post intervention scores.
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Other Exercise Interventions

Yachsie et al. (2024) have examined the effects between
fixed and changing drilling exercises on the archer’s shoot-
ing accuracy with 18 sessions of training. The study has re-
ported that both the fixed and changing drilling exercises
have shown significant improvements in shooting accuracy
(p<0.05). Shinohara etal. (2023) investigated how side bridge
exercises with a 40-degree trunk inclination could reduce
bow tremor during the archery sighting phase. The study
revealed that following four weeks of interventions, signifi-
cant improvements were seen in the tremor reduction and
median power frequency of the middle deltoid. However,
the serratus anterior, upper, and lower trapezius muscles did
not show any significant improvements. Geng et al. (2023)
investigated the impact of targeted archery training on atten-
tion stability and performance among 24 Chinese athletes.
Over a controlled period, standardized practices focusing on
posture and mechanical energy training were implemented,
resulting in significant improvements in attentional stabil-
ity for the highest-performing group. The study identified a
strong correlation between focused attention and competi-
tive outcomes. These findings underscore the role of mental
focus in enhancing archery performance, providing valuable
insights for optimizing athletic preparation.

PubMed Web of Science SportDiscus

[ (n=95) ] [ (n=223) ] [ (n="72)
archery sports (n=77)

e
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books, conference proceedings. not English, 3

i Systematic review articles. review articles, meta- |
Record screened 3
(n=607) i published prior to 2014, and not intrinsic to :
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/' Records excluded after title and abstract
3 screening (n=93) !
! eNot related to exercise intervention or !
performance improvement (57) !
® Related to psychological, mental, attention, |
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Fig. 1. PRISMA flowchat
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Discussion

This systematic review consolidates the latest evidence
on exercise interventions designed to enhance performance
and manage injuries in archery athletes. Recent studies
suggest that archers experience substantial musculoskeletal
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Table 5. Quality assessment scores for the selected studies using the Standard Quality Assessment Criteria (SQAC)

Author(s) Quality Assessment Criteria Total Quality
1 2 3 4 5 6 7 8 9 10 11 12 13 14 Score Score
Khan et al., 2024 (Khan etal, Y Y Y Y Y P N Y P Y Y P Y Y 23/28 82.1%
2024)
Prasetyo et al., 2023 Y Y P Y n/a n/a n/a Y P Y Y N Y Y 18/22 81.8%
Yachsie et al., 2024 Y Y Y Y Y =n/a n/a Y P Y Y Y Y Y 24 95.8%
Shinohara et al., 2023 Y Y Y Y Y N n/a Y P Y Y Y Y Y 23 88.5%
Park et al., 2016 Y Y Y Y n/a n/a n/a Y P Y Y Y Y Y 21 95.5%
Beyaz et al., 2024 Y Y Y Y Y n/a n/a Y P Y Y Y Y Y 23 95.8%
Hemara et al., 2021 Y Y P Y n/a n/a n/a Y Y Y Y P Y Y 20 90.9%
Subekti et al., 2023 Y Y Y Y P n/a n/a Y P Y Y P Y Y 21 87.5%
Yachsie, Pranata, et al.,, 2023 Y Y P Y n/a n/a na Y P Y Y P Y Y 19 86.4%
Gengetal, 2023 (Gengetal, Y Y Y P n/a n/a n/a Y P Y Y P Y Y 19 86.4%
2023)
Sergiy et al., 2017 Y Y Y P na na na Y P Y Y P Y Y 19 86.4%
Chatla et al., 2023 Y Y Y Y n/a n/a n/a Y P Y Y P Y Y 20 90.9%
Nasrulloh et al., 2022 Y Y Y Y n/a n/a n/a Y P Y Y P Y Y 20 90.9%
Suppiah et al., 2017 Y Y Y Y Y n/a n/a Y P Y Y P Y Y 22 91.7%
Liao et al., 2022 Y Y Y Y P n/a n/a Y P P Y P Y Y 20 83.3%

Note. 1) Question/objective sufficiently described? 2) Study design evident and appropriate? 3) Method of subject/comparison

group selection or source of information/input variables described as appropriate? 4) Subject (and comparison group, if applicable)
characteristics sufficiently described? 5) If interventional and random allocation was possible, was it described? 6) If interventional and
blinding of investigators was possible, was it reported? 7) If interventional and blinding of subjects was possible, was it reported? 8)
Outcome and (if applicable) exposure measure(s) well defined and robust to measurement/misclassification bias? means of assessment
reported? 9) Sample size appropriate? 10) Analytical methods described/justified and appropriate? 11) Some estimate of variance is
reported for the main results? 12) Controlled for confounding? 13) Results reported in sufficient detail? 14) Conclusions support the by
results? Y = fully met the criteria, P = partially met the criteria, and N = did not meet the criteria.

stress, particularly in regions such as the shoulder complex,
spinal column and neck (B. Prine et al., 2016; Singh & Lhee,
2016; Subramaniam et al., 2025). The cumulative effects of
high training volumes, technical errors, and insufficient
physical preparedness can lead to tissue overload and a
heightened susceptibility to both acute and chronic overuse
injuries (Agranovich et al., 2024; Niestroj et al., 2018). While
injury prevalence remains a pressing concern, the findings
of this review indicate that exercise intervention have largely
been employed with a primary focus on performance
enhancement, rather than explicitly targeting injury
management. Nonetheless, many of these interventions
discussed in the current review indirectly reduce injury
risk by correction biomechanical inefficiencies, improving
neuromuscular control and enhancing tissue resilience.

The current review synthesizes results from 15 high
quality studies involving various training approaches and
provides valuables insight into the components of effective
exercise programs for archers. The findings emphasize the
multifaceted nature of effective archery training, revealing
the significant contributions of intervention duration,
strength conditioning, Pilates-based core engagement,
balance training, and comprehensive core stability
development. These elements work synergistically to
improve shooting accuracy, minimize postural sway, and

optimize musculoskeletal function, ultimately supporting
superior performance and injury resilience in archers.

The duration of exercise interventions across the
included studies ranged from a single-day protocol to
programs lasting up to 12 weeks. Notably, most effective
interventions spanned six to twelve weeks, delivered at a
frequency of two to three sessions per week. Studies with
shorter durations (e.g., 4-week side-bridge training) reported
limited improvements in muscle activation patterns and
neuromuscular stability (Shinohara et al., 2023). Conversely,
interventions exceeding six weeks, such as the 12-week
Pilates and strength training programs (Chatla et al., 2023;
Khan et al., 2024), demonstrated significant improvements
in lumbopelvic stability and shooting accuracy. Studies
consistently show that 6-12-week interventions outperform
shorter durations in developing neuromuscular adaptations
and motor skills (Liao etal.,2022; Steib etal.,2017). This aligns
with broader research on strength training, which indicates
that untrained individuals benefit most from 3 sessions per
week, while trained athletes see maximal gains with 2 weekly
sessions (Rhea et al., 2003). Longer interventions allow for
progressive loading and periodization, crucial for continued
and maximized adaptation in strength as well as injury
prevention (Severo-Silveira et al., 2021). Overall, evidence
supports designing archery training programs with realistic
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timeframes of 6-12 weeks for meaningful performance
improvements (Je, 2016).

Strength training has consistently proven effective in
enhancing archery performance, particularly when both
upper and lower limb muscle groups are targeted (Chatla
et al., 2023; Liao et al., 2022; Nasrulloh et al., 2022; Sergiy et
al., 2017; Subekti et al., 2023; Yachsie, Pranata, et al., 2023).
Such interventions have led to marked improvements in arm
endurance, postural stability,and shooting precision. Notably,
compound set training protocols (Nasrulloh et al., 2022) and
integrated general-specific strength programs (Chatla et al.,
2023) have outperformed isolated routines, offering superior
performance gains. These findings align with biomechanical
principles, as archery demands coordinated, multi-joint
control and stability (Vendrame et al., 2022). Evidence also
shows that free weight exercises offer a slight edge over
machine-based training, particularly in improving muscle
endurance (Subekti et al., 2023). This advantage likely stems
from the greater neuromuscular activation required by free
weights due to their stabilization demands (Schwanbeck
et al,, 2020), an effect consistent with recent meta-analyses
showing superior strength gains with free-weight training
(Haugen et al., 2023; Heidel et al., 2021). Because archery
involves complex three-dimensional movement and precise
control, training methods that replicate these demands, such
as free weights, are more effective than machines, which
limit movement patterns and stabilization.

Archery is a full-body discipline that relies on a
coordinated kinetic chain beginning from the lower limbs
and progressing through the trunk to the upper body. While
the upper extremities perform the final action of drawing
and releasing the bow, the generation and transfer of force
originate from the ground up, beginning with the legs and
pelvis and progressing through the trunk to the shooting
arm (Ertan et al., 2003). This kinetic chain mechanism is
essential for optimizing shooting performance and stability
in archery. The lower limbs play a crucial role in establishing
postural stability and initiating movement, which then
transmits through the pelvis and trunk before reaching the
bow arm (Azhar et al., 2021; Serrien et al., 2018). Enhancing
lower limb strength contributes to greater neuromuscular
control and stability, thereby minimizing energy dissipation
along the kinetic chain and improving overall performance
efficiency (Simsek et al., 2014; Vendrame et al., 2022).
Research shows that elite archers who emphasize core and
lower extremity conditioning experience more consistent
shot accuracy and postural control (Kim et al., 2019; Liao
et al.,, 2022). From a practical standpoint, the inclusion
of comprehensive training program inclusive of posture
correction, correcting the muscles imbalance, core activation
and stabilization, balance training, and also development
of strength program should prioritize multi-joint exercises
that involve dynamic stability, apply progressive overload
across different movement planes, and combine general
strength with archery-specific patterns. Future protocols
should adopt a more comprehensive approach, addressing
both upper and lower body muscular demands to prevent
compensatory strategies that lead to overuse injuries.

Core stability interventions delivered through Pilates-
based, circuit plank training or bodyweight-focused led
to measurable improvements in balance, postural control,
trunk endurance, and shooting accuracy among archers
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(Khan et al., 2024; Park et al., 2016; Suppiah et al., 2017).
While each study emphasized different outcome measures,
the findings support the conclusion that enhancing core
function translates into better shooting performance and
potentially reduced injury risk. These findings align with
the kinetic chain theory, which posits that force generation
initiates from the lower limbs and is transmitted through
a stable core to the upper extremities (Kibler et al., 2006).
A well-conditioned core not only provides a stable base for
efficient force transfer but also minimizes compensatory
movements that can contribute to common overuse injuries
in the shoulder and lumbar regions (Akuthota et al., 2008).
Furthermore, enhanced core stability improves energy
efficiency, delaying fatigue during prolonged shooting
sessions, a critical factor in competitive archery where
sustained precision is required (Spratford & Campbell, 2017).

A key limitation of the current evidence base is that
injury-related outcomes were rarely measured directly
across the included studies. Most interventions did not
report injury incidence, injury severity, or time-loss data.
Consequently, conclusions regarding injury management
and injury prevention are primarily derived from indirect
indicators such as improvements in balance, postural control,
neuromuscular stability, core endurance, and muscular
strength. While these parameters are well established
contributors to injury risk reduction, their interpretation
as injury-related outcomes should be viewed as inferential
rather than definitive.

Conclusions

This systematic review demonstrates that exercise-based
interventions consistently improve crucial performance
determinants in archers, including shooting accuracy,
postural stability, neuromuscular coordination, core strength
and upper-limb endurance; however, implications for injury
prevention and injury management should be interpreted
as indirect and inferential, as most studies did not directly
assess injury related outcomes. Although most interventions
were primarily designed for performance enhancement, the
observed improvements in trunk stability, balance control,
and muscular endurance suggest meaningful secondary
benefits that may help reduce injury risk through better
kinetic-chain efficiency and movement control. These
findings support the integration of structured, multi-week
exercise programs as an effective strategy for enhancing
overall performance capacities among archery athletes.

Despite these demonstrated benefits, there remains a
clear lack of a systematic, integrated training module that
concurrentlyincorporates strength development (both upper
and lower body), core stability, balance and proprioception,
postural re-education, and archery-specific neuromuscular
training. Moreover, most studies did not explicitly measure
injury outcomes, underscoring the need for future research
employing longitudinal designs, injury surveillance, and
functional movement assessments to better capture injury
risk and recurrence. Moving forward, future studies should
adopt standardized intervention protocols, larger sample
sizes, and multidimensional outcome measures, including
explicit injury metrics to strengthen the evidence base and
inform more comprehensive training guidelines for coaches,
therapists, and sport scientists working with archers.
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CuctematnuHum ornap pismuHnx Bnpas y CTpinb6i
3 nyKa: npo¢inakTuka Ta nikyBaHHA TPaBM i
BM/IMB Ha NOKa3HUKWN pe3yibTaTUBHOCTI

Amb6ycam Cyb6pamaniam'*A5<P, @aiipyc Papisa 3aitaynin'**", Mon Pigi Cyt Txi'A*<P

HiBepCUTET IIeJarorivyamnx H iMeHi cynTan i
'VaiBepcureT memarori ayK iMeHi cynTaHa Inpica

*YuiBepcurer Tynky A6nyna Paxmana

ABTOpChHKNMIT BKIAA: A — fU3aiiH BOCTImKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 16 c., 6 TabmL., 1 puc., 55 mxKeper.

OO6rpynryBann:. TpeHyBa/nbHi iHTepBeHIIii Ha OCHOBI (i3NYHNUX BIIPaB Aefai YacTille iHTerpyI0ThCS Y MiITOTOBKY CTPi/b-

1B 3 JIyKa 3 METOIO IIi/IBUIIIEHHS Pe3y/IbTaTUBHOCTI Ta SHIDKEHHs pU3KKy TpaBM. OfHAK CTYIIiHb, 1O SIKOTO Lii iHTepBeHIil Oe31o-
CepefHbO CIIPUAIOTD YIPABIiHHIO TPaBMaMI Ta IOKPAI[eHHIO CIIOPTUBHUX IOKa3HMKIB, 3a/IUIIAETHCA HEJOCTATHBO 3 ACOBAHM.

Mera. Ieit cucTeMaTiyHMIT OITIAL MaB Ha MeTi IpOaHaIi3yBaTy BIUIMB (DiSMYHUX TPEHYBa/IbHIUX iIHTePBEHIill Ha YIIPaB/IiHHA
TpaBMaMIU Ta MiJBUILEHHA Pe3ylIbTaTUBHOCTI Y CTPINbLiB 3 myka. Orap y3aranpHioe 10 pokiB HayKkoBuX JjoKasiB (ciuens 2015
- KkBiTeHb 2025) 3 METO0 HaJaHHs PeKOMEHJAL 100 PO3pOOIeHHs [iIbOBMUX MIPOrpaM BIIPaB, CIPSMOBAHMX OJHOYACHO Ha
ONTUMIi3allil0 pe3y/IbTaTUBHOCTI Ta MPOQITAKTUKY TPaBM.

Marepianm i meTomu. Komrtekcuuii momryk 0ysio mposezeHo B 6asax ganux PubMed, Scopus, Web of Science ta SPORTDiscus,
y pesyibrari 4oro 6y1o BusBIeHo 767 my6mikariit. JJocmipkeH s Bi6upanncs BiAIIOBITHO 0 3a3/a/IeTi/ib BUSHAYCHUX KPUTEPiiB
BKJIFOYEHHS, 1[0 3PELITO0 a0 15 MpMITHATHUX JOCTiKeHb. [lo aHaIi30BaHMX IOKA3HUKIB HAJIEKaIN TOYHICTD CTPIIbOM, 110-
CTypaJIbHIIT KOHTPOJIb, M’130Ba CIJIA Ta IHAMKATOPY, Pe/IeBaHTHI LA YIIPaB/IiHHA TpaBMaMu. MeTO0/IOTiuHY AKICTh OLiHIOBa/IN
3a mkano SQAGC; yci BKIodeHi focmipKeHHst Habpanu 250 %, 110 CBiAYNTD PO NPUITHATHUI a60 BUCOKMIT PiBEHb METOLOTIO-
riyHoI cTporocTi. Yepes reTeporeHHICTb AM3alHIB JOCTIIKeHb, iHTepBeHIlill Ta TOKa3HMKIB pe3yIbTaTMBHOCTI MeTaaHasi3 He
MIPOBOJUBCS.
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PesynbraTu. Binburicts gocmimkens 6ymm 30cepeykeHi IepeBakKHO Ha MiABMINEHHI CHOPTMBHOI pe3y/IbTaTMBHOCTI, a He
Ha 6e3locepeflHbOMY YIpaB/liHHI TpaBMaMy. BogHouac HM3Ka TpeHYBaIbHUX iHTEpPBEHIiil IPOJNEMOHCTPYBaIa OMOCEpes-
KOBaHi edeKTy, pelleBaHTHI [yIs YIPABIiHHA Ta HPpOQITaKTUKM TPaBM, 30KpeMa MOKpallleHHs IOCTypanbHOi cTabimbHOCTI,
HelfpoM sI30BOr0 KOHTPOJIIO Ta M A30BOI BUTPUBAIOCTI. TpeHyBaHH: cTabimi3aliil KOpIycy, BIIpaBy Ha 6aTaHC 32 METOAMKOIO MIi-
JIaTecy, KpyroBi TpeHyBaHHA Ta CU/IOBA MiATOTOBKA CTa0iIbHO 3a6e3IeuyBaiy CyTTEBe MOKPAIeHHA IIOCTYPaIbHOI CTabiIbHOCTI
(edexTu MOMIpHOTO-BEIMKOrO PO3MIpy), M A30BOI CH/IM Ta TOYHOCTI cTpinbbu. 1]iboBi BIrpaBy, 30KpeMa 3MilJHEHHS HIDKHIX
Iy4KiB TparnerienonioHoro M’s13a, 6araTocyrio60Bi c1IoBi BIpaBy Ta ClierianisoBaHi CTpielbKi BIpaBy, JOAATKOBO MOKpALILy-
BaJIV TOYHICTh, BUTPUBAJIICTB i HeﬁpOM’HsoBy KOOPJMHALIO.

Bucnosku. ®isnyHi TpeHyBa/IbHi iHTEPBEHIIiI CYyTTEBO MOKPAIYIOTh K/II0YOBi IIOKa3HMKM PE3Y/IbTaTUBHOCTI y CTPi/IbIIiB 3
JIyKa Ta MOXXYTb 3a0esIledyBaTi OIOCepeIKOBaHi mepeBarn it IpoiTakTUKU TPaBM 32 PaXyHOK Ii/[BUIIEHHS CUIM, Oa/IaHCy,
HOCTYPaTbHOrO KOHTPOJIIO Ta HelipOM s130B0i cTabimbHOCTI. [TogabIui foCTimkeHHA MaIOTD IepefdadaTy CTaHAaPTU30BaHi mpo-
TOKO/M (Bi3MYHMX BIIPAB i HaflaBaTy IPIOPUTET MACIITAOHIINM PaHIOMI30BaHUM KOHTPOIbOBAHNUM JOCTIKEHHAM, K IIPSIMO
OL{HIOIOTH TPABMATOJIOTIUHI pe3y/IbTaTH, 3 METOI0 3MilIHEHHA J0Ka30Boi 6a3n y CTpinbOi 3 myka.

Kirouosi coBa: cTpinbba 3 myka, mpodinakTuka TpaBM, pe3yabTaTUBHICTD, CUIOBA MIATOTOBKA, CUCTEMATUIHNIL OIS,
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