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RESEARCH ARTICLE

The Importance of Bilateral Limb Symmetries
in Olympic Clay Shooting: A Prospective

Intervention Study

Zvonko Peljha 1,*, Marcos Michaelides 2, and Mark Stone 1

ABSTRACT

The presented prospective controlled trial investigated the impact of
neuromuscular asymmetry correction programs on Olympic clay shooting
performance. The examination involved 33 subjects over six weeks, divided
into an intervention (n = 18) and a control group (n = 15). After the initial
assessment, subjects in the intervention group were given personalized
training protocols to correct the identified asymmetries. The analyses
revealed improvements of the intervention group in grip strength asymmetry
(p = 0.012), single leg balance test (p = 0.027), YBT-LQ anterior reach (p
= 0.036), and composition score (p < 0.001) alongside enhanced shooting
scores (p < 0.001). There were no significant changes in the control group.
The findings suggest a direct link between asymmetry correction and
shooting accuracy, which agrees with similar research findings of other
sports. This is a novel insight into the specific fitness demands for Trap and
Skeet athletes and underscores the value of addressing asymmetries and
incorporating regular assessments of these parameters in training routines,
along with individually tailored corrective programs.
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1. Introduction

A recent study by Peljha et al. (2021) focused on determining which fitness parameters strongly
correlate to clay shooting performance. Still, none of the tested fitness components (e.g., VO2 max,
strength, flexibility) have shown to be significant predictors of performance. The authors noted that
the only noteworthy correlation to success in Olympic clay shooting was the bilateral symmetry in
shoulder mobility and handgrip strength. The authors concluded that better-performing athletes had
smaller asymmetries in these two parameters and suggested that correcting those differences should be
part of the clay shooters’ training regime.

Studies in other sports suggest that asymmetry correction reduces injuries and improves perfor-
mance (Daneshjoo et al., 2013; Maloney, 2019). According to Guiard (1987), clay target shooting is a
bilateral asymmetric motor task. The uneven body action during clay shooting could be best compared
to that of a golf player performing the swing with the club, as Cochran and Stobbs (1968) described.
Both sports have a common characteristic of a dynamic movement about the vertical axis led by the
non-dominant hand.

In addition, Kalata et al. (2020) suggest that unilateral limb dominance could be created if
asymmetric movement and body position are repeated over long periods and left uncompensated.
Further, the authors point out that this shortens the involved muscle tissue and harms joint mobility. In
another study, Bishop et al. (2017) investigated the effects of lower body asymmetries in track and field
and swimming, confirming the negative impact on performance and that a leg asymmetry reduction
below 10% could improve performance. However, there is a lack of empirical research on the potential
impact of lower body asymmetry on performance in shooting sports (Peljha et al., 2021). Thus, the
presented study aimed to get further insight into the importance of neuromuscular symmetries on
performance in Olympic clay shooting.
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The study applied personalized training protocols to minimize detected asymmetries and to investi-
gate their effectiveness in shooting accuracy. This investigation has focused on the two most prestigious
clay Olympic shooting disciplines, Skeet and Trap, and purported to explore further the impact of
neuromuscular asymmetries on success in these sports.

2. Method

Upon commencement of the study, subjects were evaluated to verify the status of their recent
shooting performance and the degree of the asymmetries in their upper and lower body. All subjects
participated in a baseline examination, including selected tests for symmetry in bilateral mobility, grip
strength, and postural stability. Only shooting scores from the training sessions were considered to
avoid the negative impact of psychological pressure during the official competitions. The average shoot-
ing score per round of 25 shots from the previous two weeks of training was calculated and registered.
After the baseline assessment, subjects of the intervention group were provided with individual exercise
programs tailored to minimize the detected neuromuscular asymmetries. In contrast, the control group
was informed that the testing was part of their regular fitness assessment and continued with their
usual training routine. All subjects were retested after six weeks by repeating the same procedures for
comparison. The shooting scores were registered and analyzed over the two weeks following the six-
week period, specifically in week 7 and 8. Additionally, the study was continued for another six weeks
with 17 of the initial 33 subjects. Due to participation in national and international competitions, 16
subjects could not further continue with the examination.

2.1. Subjects
The sample size for this study was determined by conducting a power analysis using the G ∗ Power

software (Faul et al., 2007). Considering a medium effect size, a significance level of α = 0.5, and a
desired power of 80%, the resulting sample size was calculated to be 42. Consequently, 44 members
of the Cyprus Shooting Federation were initially approached to participate in this study. However,
due to the ongoing pandemic, only 33 subjects, eight competing in the female and 25 in the male
category (Mage = 29+/−7 years), could ultimately participate in the study. Performance levels were
categorized into club level (n = 20) and national level (n = 13). The average training score per round of
club-level subjects was 19/25, while the average training score for national-level subjects was 22.5/25.
All subjects read the information sheet and signed a consent form before taking in the study. The
University Ethics Committee (BAHSS518) approved the study based on the ethical principles of the
Declaration of Helsinki. The intervention group included 18 subjects (5 females and 13 males, Mage =
29+/−7 years), while the control group included 15 subjects (3 females and 12 males, Mage = 29+/−6
age). For the additional 6-week follow-up study, of the remaining 17 subjects, 11 (5 female, 6 males;
Mage = 29+/−3 years) were members of the intervention group, and six males (Mage = 35+/−6 years)
of the control group. All participants were tested on various parameters during a one-hour session.
Before each test, information such as gender, age, discipline, and average shooting performance during
the previous two weeks of training were recorded. Adequate warm-up was performed before each test
to ensure proper preparation and minimize the risk of injury.

2.2. Analyses

2.2.1. Apley’s Scratch Test
Shoulder mobility was assessed using the Apley’s Scratch Test. The subjects were asked to stand

before and touch a wall with their toes to avoid bending forward during the testing. They were
instructed to extend their arms out from the shoulders while making fists with their hands. Subse-
quently, they were asked to perform a reciprocal reaching pattern with one arm, an external rotation of
the shoulder, and an internal rotation with the other arm. The distance between the two closest bony
prominences of the fists in this position was measured in centimeters, and the best result out of the
three attempts was recorded on each side. The reliability of Apley’s Scratch Test is r = 0.8 (Dewhurst
& Bampouras, 2014).

2.2.2. Unipedal Stance Test with Eyes Open and Closed
The test assessed single-leg balance and static postural control. The subjects were asked to stand

in their shooting footwear on one leg, with the other foot resting above the ankle of their stance leg,
and with their hands on the side of the hips. For the first 30 s, the subjects were instructed to focus on
a spot before them and avoid moving their eyes. After the first 30 seconds, they were asked to close
their eyes and try to stay static for another 30 s. The examiner used a stopwatch to measure the time
the subject could stand on one foot. The timing started when the subject raised the foot off the floor
and placed it above the ankle of the tested leg. Time was recorded when the subject either (a) passed
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the maximum of 60 s, (b) moved/rotated the weight-bearing foot to maintain balance, (c) moved the
lifted foot of the weight-bearing leg in order to maintain balance, (d) detached the arms from the hips,
(e) opened eyes during the second 30 s of the testing. The procedure was repeated three times on each
foot with a 3-minute rest between trials, and the best time was recorded. This test’s interrater reliability
correlation coefficient is 0.99 (Springer et al., 2007).

2.2.3. Handgrip Strength
Handgrip dynamometry was used to assess grip strength and establish the difference between the left

and right hand. Subjects were placed in a standing position holding a handgrip dynamometer (Grip
D, model TKK 5401, Takei Scientific Instruments, CO., Ltd., Japan). The gripping site was adjusted
to each subject so that the second phalange of the hand fit under the handle and was held between
the fingers and the palm at the base of the thumb. Subjects were instructed to bend slightly forward,
flex the arm to some degree at the elbow, and squeeze as hard as possible for 2–3 s. The procedure was
repeated three times on each arm with a 3-minute break between each trial to ensure physical recovery,
and the highest measurement for each hand was recorded in kg. Test-retest reliability was reported as
r = 0.94 (Adams, 1998).

2.2.4. Lower Quarter Y-Balance Test
The lower quarter Y-balance Test (YBT-LQ) is recommended by various authors to identify

movement limitations and asymmetries in the lower body (Gorman et al., 2012; Shaffer et al., 2013).
The test kit consists of a stance platform with three pieces attached in the anterior, posteromedial,
and posterolateral reach directions. After the examiner gave a visual and verbal demonstration, the
subjects had a warm-up trial in order to get familiar with the activity. Bilateral asymmetries were
assessed by comparing the results from each leg in all three directions, measured in cm. Additionally, the
composition score for each leg was calculated by combining the length of the dominant leg (measured
from the anterior superior iliac spine to the medial malleolus) and the results of all three reaching
directions. Interrater test-retest reliability of the average reach of 3 trials is r = 0.85 to 0.93 (Shaffer &
Teyhen, 2007).

2.3. Intervention Program

Individualized intervention programs were formulated, considering the scientific literature’s findings
on the importance of bilateral symmetry for enhancing performance (Maloney, 2019). The intervention
program was added to the subjects’ training routines and included adequate warm-up drills followed
by corrective exercises. Following the approach of Gonzalo-Skok et al. (2017), unilateral training was
applied, focusing on the ‘weaker’ side. The intervention program was tailored for each subject’s specific
needs from the parameters tested: (a) bilateral difference in shoulder mobility, (b) bilateral difference
in handgrip strength, (c) bilateral difference in static single-leg balance, and (d) mobility and dynamic
postural control of the lower body. The coaches were informed of the results and ensured the subjects
followed the prescribed exercise program. The subjects were instructed to implement the intervention
program into their usual training routines. Before the shooting training, mobility and balance exercises
were prescribed as part of the warm-up. The grip strength training was recommended for the “non-
shooting” days or after the shooting practice to negate any obstructive impact upon performance. A
log book for recording the training sessions was handed out to the subjects.

2.3.1. Shoulder Mobility
Subjects were instructed to perform shoulder mobility exercises five times per week (Thomas et al.,

2018). The program started with dynamic stretching (e.g., across-body arm swings/hugs, large arm
circles with an elastic band) for 3–5 minutes. As for the main part, the subjects were instructed to focus
on the less mobile side and perform the following exercise instructions:

1. Stand straight, placing the back of the hand on the side flat against the lower back.
2. With the other hand, throw one end of a towel/rope over the shoulder and grab it behind the

back with the first hand.
3. Pull gently on the towel with the supporting arm and let the back arm slide up as comfortably

as possible.
4. Hold the stretch for 30 s, keeping an upright position.
5. Repeat for three sets with sufficient rests in between (Samson et al., 2012)

Additionally, the subjects were advised to perform self-myofascial release for the upper back and
shoulders with a foam roller daily.
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2.3.2. Single-Leg Static Postural Control
Following the recommendations of Marcori et al. (2022), the drills were prescribed 3–5 times per

week, either as part of a warm-up before shooting or during fitness training. Based on previous studies
(Muehlbauer et al., 2012; Rasool & George, 2007), the exercise program provided to the subjects ranged
from static single-leg stance (i.e., remaining on one foot for as long as possible) to more complex and
dynamic activities to progressively improve their proprioceptive control. The recommended dynamic
exercises consisted of five movements: (1) Forward/backward foot drivers, (2) lateral foot drivers, (3)
rotational foot drivers, (4) single leg circles, and (5) balance to wall touch. The subjects were instructed
to perform each movement slowly and controlled 3–5 times, as Ruiz and Richardson (2005) suggested.
The athletes were advised to perform the movements with their eyes closed for further progression.
They were given the choice of performing the drills on different surfaces of stability, ranging from solid
ground to softer surfaces (e.g., BOSU, balance mats, or pillows).

2.3.3. Single-Leg Dynamic Postural Control and Mobility
Based on the examination of Kang et al. (2015), the leading indicators of poor execution and pre-

dictors of performance on the YBT-LQ are ankle and hip joint mobility limitations. The emphasis was
on performing static and dynamic hip mobility drills to improve the posterolateral and posteromedial
reach. The program started with a short cardiovascular warm-up (e.g., stationary bike) for 5–8 minutes
and self-myofascial techniques to address tissue density and possible trigger points. Foam rolling on the
hip and upper leg muscles was performed. In sequence, two sets of 30–60 seconds of static stretching
were performed for the hamstrings, quadriceps, hip rotators, and hip flexors muscles (Reiman &
Matheson, 2013). The primary component of the exercise regimen encompassed dynamic stretching
drills, where subjects positioned one foot at the top of a 30 cm stepper. Subsequently, they commenced
movement on the contralateral foot, which rested on a cloth or a sliding pad, in both posteromedial and
posterolateral directions. This routine was executed for a total of 2 sets, comprising ten repetitions in
each specified direction. Also, drills were prescribed to improve dorsiflexion and increase the anterior
reach. At first, the subjects would use a massage stick for self-myofascial release in the calf and plantar
fascia before stretching the calf muscle for two sets of 30–60 seconds. The primary exercise involved
ankle dorsiflexion while in a half-kneeling position and with a dowel positioned on the exterior of
the front foot. In this position, the subjects were instructed to incline forward and push their knee
towards the outer side of the dowel. It was emphasized to keep the heel of the leading foot in contact
with the ground throughout the movement. Based on the recommendations of Campa et al. (2018),
the subjects were instructed to perform the drill in two sets of 20 seconds, with a brief five-second rest
interval between them. Following the suggestions of Thomas et al. (2018), it was advised to perform the
corrective program after the clay shooting training or during ‘non-shooting’ days five times per week.

2.3.4. Hand Grip Strength
Following the assessment of hand grip strength for both hands, the strength training program

emphasized enhancing grip strength in the weaker hand. The subjects were instructed to incorporate
grippers with varying resistance levels (i.e., 20, 40, 60, 80 kg) tailored to their needs. The recommended
protocol involved engaging in resistance exercises 3 to 4 times a week, allowing at least 48 hours of rest
for proper muscle recovery. Based on the recommendations of Carpinelli and Otto (1998), participants
were instructed to perform grip training with three sets of 5–8 slow repetitions and a 3-minute recovery
period between sets. This lower repetition range was chosen for its effectiveness and safety in engaging
more muscle fibers and promoting optimal strength development (Carpinelli & Otto, 1998).

Additionally, subjects were encouraged to use their weaker hands more during daily activities (e.g.,
carrying bags, opening doors, moving objects).

3. Results

The statistical analysis for this study was conducted using SPSS v25.0 (SPSS Inc., Chicago). Before
the analysis, the data underwent normality testing using the Shapiro-Wilk test at a significance level of
α = 0.05. Homogeneity of variance was confirmed using Brown and Forsythe’s test. To examine the
differences in shooting scores and fitness characteristics between the intervention and control groups,
independent-sample t-tests were used with a significance level of p < 0.05. Cohen’s (1992) was used to
determine effect sizes, and 95% confidence intervals were calculated for each comparison. Participants
were reassessed after six weeks, and the intervention group showed significant improvements in
bilateral grip asymmetry and YBT-QL reach.

Additionally, there were significant improvements in the YBT-LQ composition score and the
sum in single-leg balance. Most importantly, the intervention group significantly improved their
average shooting score, while no significant results were found in the control group. Results from the
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independent-sample t-test found significant differences in the intervention group for average shooting
score (t(31) = 4.46, p < 0.001), the difference in bilateral grip strength (t(31) = −2.68, p = 0.012), the

Fig. 1. Average training shooting score (per round of 25 shoots) base line and post-intervention results showing
significant differences in the intervention group. ∗denotes p < 0.001.

Fig. 2. Average difference in bilateral grip strength (kg) base line and post-intervention results showing significant
differences in the intervention group. ∗denotes p = 0.012.

Fig. 3. Average difference in bilateral YBT-LQ anterior reach (cm) base line and post-intervention results showing
significant differences in the intervention group. ∗denotes p = 0.036.
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Fig. 4. Average sum for the single leg balance test (sec) base line and post-intervention results showing significant
differences in the intervention group. ∗denotes p = 0.027.

Fig. 5. Average YBT-LQ composition score (cm) base line and post-intervention results showing significant differences
in the intervention group. ∗denotes p < 0.001.

YBT-LQ anterior reach (t(31) = −2.20, p = 0.036), the sum for the single leg balance test (t(31) = 2.32,
p = 0.027), and the YBT-LQ composition score (t(31) = 4.17, p < 0.001) (Figs. 1–5). After six weeks
of follow-up for the remaining 17 subjects, a 3 × 2 factorial ANOVA revealed no further significant
improvement in performance for any group.

4. Discussion

The present study was a prospective controlled trial to assess the effects of an asymmetry correction
program on Skeet and Trap shooting athletes. The individual programs were designed to reduce
asymmetries and purported to improve performance. The review study by Maloney (2019) provides
empirical evidence from various sports where certain variables’ imbalances negatively correlate with
markers of athletic performance (e.g., sprinting time, jump height). Further, the same author concludes
that correcting asymmetry can improve performance and minimize injuries. To our knowledge, no
studies demonstrate an improvement in shooting accuracy after correcting body imbalances. Thus,
this study represents a pioneering effort to implement an intervention program focused on improving
detected asymmetries by following personalized exercise regimes in the context of Olympic Clay
shooting.

The findings of this study are unique, and there is compelling evidence that after the six-week
intervention period, there is a significant improvement in the mean shooting score within the group
subjected to the intervention. Besides better shooting accuracy, the same participants improved
significantly handgrip strength symmetry, which confirms the findings of Peljha et al. (2021) that clay
shooters with smaller bilateral grip asymmetry perform better.

The present investigation yields findings about the augmentation of three additional parameters
of paramount significance. Specifically, significant enhancements have been observed in single-leg
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balance, bilateral anterior reach symmetry, and the comprehensive total composition score within the
context of the YBT-LQ. While bipedal balance and postural control were examined in the past (Peljha
et al., 2021; Puglisi et al., 2014), no such empirical evidence exists on single-leg balance. Certainly,
a better single-foot balance emerges as an essential fitness parameter for clay shooters, positively
impacting their overall performance. Furthermore, the apparent enhancement in the composition score
of the YBT-LQ underscores a convincing correlation between improved lower body mobility and better
performance outcomes.

A compelling conclusion can be drawn: the initial six-week intervention led to obvious enhancement
across the abovementioned parameters and improved shooting scores. Nonetheless, the intricate
interplay of these factors necessitates further empirical inquiry to identify whether a specific parameter
or a combination of them resulted in better shooting accuracy. In addition, it is vital to underscore
that the six-week follow-up period with the remaining 17 subjects showed no further noteworthy
improvements in shooting performance. These empirical findings imply the decisive impact of the
initial corrective program on performance, but conversely, the further intervention did not have the
same tendency. The reason for the immediate success of an initial corrective program can be attributed
to the neuromuscular adaptations it causes. These adaptations include enhanced motor control,
coordination, and muscle activation patterns, as Folland and Williams (2007) noted. Furthermore,
Vealey (2007) supported the idea that the accomplishment of an initial corrective program can boost
an athlete’s confidence and motivation, leading to better performance. However, a plateau effect tends
to occur where the initial corrective program addresses the most significant issues, leaving fewer areas
for improvement, which can limit the effectiveness of further interventions, according to Gelman et al.
(2022).

Nonetheless, our findings confirm previous work that demonstrated the negative impact of bilateral
asymmetries on Olympic clay shooting performance (Peljha et al., 2021) and that reducing the
imbalances positively affects shooting accuracy in Olympic clay shooters. Similar evidence exists for
other sports with high demands for fine motor skills. For instance, special programs for improving
flexibility and correcting muscle asymmetries created by repetitive movements were proven beneficial
for injury prevention and performance enhancement in golf (Zouzias et al., 2018). Based on Guiard
(1987), bilateral symmetry is a mirror deviation across the corona axis. Motor tasks are classified into
unilateral, bilateral asymmetric, out-of-phase bilateral symmetric, and in-phase bilateral symmetric.
This classification puts clay shooting, golf, and other unilateral sports into the second category.
The asymmetric body positioning and action during clay shooting could be best compared with
that of a golf player when performing a swing with rotational movements around the vertical axis.
Additionally, both activities highly demand eye-hand coordination and complex sensory-motor skills
(DeBroff, 2018). In both sports, the motion consists of a dynamic body rotation around the vertical
axis by leading the movement with the non-dominant hand and with a similar stress distribution
to the musculoskeletal system. However, in clay shooting, the action is performed without a further
shoulder, elbow, or wrist flexion, yet with an additional unilateral impact from the gun’s recoil. It
is argued that if such asymmetries in mechanical loading are repeated over long periods and left
uncompensated, a unilateral dominance could be created (Leveau & Bernhardt, 1984). Such disparity
could further shorten the involved muscle tissue and negatively impact joint mobility (Kalata et al.,
2020). In addition, Pion et al. (2015) suggested that a higher level of performance would result in greater
development of sport-specific physiological and motor characteristics. Moreover, Vad et al. (2004)
concluded that morphological and functional asymmetries will develop somewhat due to specific
physical stress, even if the training is carried out correctly. Furthermore, various studies report that
muscle strength and morphology asymmetries can negatively affect performance (Grygorowicz et al.,
2010; Risberg et al., 2018; Stastny et al., 2017; Vargas et al., 2019).

However, the present study suggests that such improvements have been shown to be effective in
the first instance but not when continued for an extended period. It could be assumed that the early
neuro-muscular improvements in symmetry have the most impact on performance and that those levels
should be maintained and regularly assessed as part of the performance optimization process.

While this study provides valuable insights, the relatively small sample size calls for further research
with a larger cohort to enhance the generalizability of the findings and further exploration of special-
ized training protocols, utilizing the latest technologies in future research. For instance, prospective
studies should be encouraged to incorporate EMG measurements to establish more precisely the
impact of neuromuscular asymmetries on muscle contractions and, ultimately, shooting efficiency.
This methodology was utilized by Svecova and Vala (2018), revealing a significant correlation between
muscle contractions and shooting accuracy in air rifle athletes. The authors further suggest that using
EMG to assess shooting athletes would identify performance errors caused by incorrect muscle tension
and provide a better insight into the shooter’s physical condition.

Vol 3 | Issue 3 | August 2024 36



Peljha et al. The Importance of Symmetries in Olympic Clay Shooting

In summary, this pioneering prospective controlled trial underscores the importance of addressing
asymmetries in training routines. It emphasizes the need for continued assessment and maintenance
of symmetry levels for optimizing shooting accuracy. At the same time, future research with larger
cohorts and advanced technologies like EMG measurements is recommended to explore strategies for
further enhancing athletic achievement in Olympic clay shooting.

5. Conclusion

This prospective controlled trial represents a pioneering effort in Olympic Clay shooting to address
asymmetry-related issues in Skeet and Trap shooting athletes. Similar to empirical evidence from other
sports, our study demonstrated the effectiveness of an asymmetry correction program in enhancing
shooting performance and reducing imbalances. The significant improvement in shooting scores,
handgrip strength symmetry, single leg balance, and lower body mobility within the intervention group
underscores the positive impact of targeted interventions on shooting accuracy and overall athletic
performance.

Our findings align with existing research, highlighting the negative correlation between bilateral
asymmetries and shooting performance. After the six-week intervention, the initial results emphasize
addressing asymmetries in Olympic clay shooting. However, the lack of continued improvement
during the extended follow-up period suggests that early neuro-muscular enhancements might be more
beneficial for performance gains. Nevertheless, the program’s continuation is recommended as this
could serve as maintenance of the initial gains. This underscores the need to regulary assess and sustain
symmetry levels to optimize shooting performance, which is related to bilateral symmetry of handgrip
strength, ankle and hip mobility, single-leg stability, and overall lower-body mobility.

We recommend incorporating regular assessments of these parameters into training routines and
implementing personalized corrective programs. The correlation between asymmetry corrections and
shooting accuracy demonstrated in this study gives a base for further exploring strategies for enhancing
athletic achievement in this sport.

Acknowledgment

The authors would like to thank all the members of the Cyprus Shooting Federation who
participated in this study.

Conflict of Interest

The authors declare that there are no competing interests.

References

Adams, G. M. (1998). Exercise Physiology Laboratory Manual. 3rd ed. McGraw-Hill.
Bishop, C., Turner, A., Jarvis, P., Chavda, S., & Read, P. (2017). Considerations for selecting field-based strength and power

fitness tests to measure asymmetries. Journal of Strength and Conditioning Research, 31(9), 2635–2644.
Campa, F., Spiga, F., & Toselli, S. (2018). The effect of a 20-week corrective exercise programme on functional movement

patterns in youth elite male soccer players. Journal of Sport Rehabilitation, 28(7), 746–751.
Carpinelli, R. N., & Otto, R. M. (1998). Strength training: Single versus multiple sets. Sports Medicine, 26(2), 73–84.
Cochran, A., & Stobbs, J. (1968). The Search for the Perfect Swing. Heinemann.
Cohen, J. (1992). A power primer. Psychological Bulletin, 112(1), 155–159.
Daneshjoo, A., Rahnama, N., Mokhtar, A. H., & Yusof, A. (2013). Bilateral and unilateral asymmetries of isokinetic strength

and flexibility in male young professional soccer players. Journal of Human Kinetics, 36, 45–53.
DeBroff, B. M. (2018). The role of vision in the science and art of the putting stroke in the sport of golf. Advances in

Ophthalmology & Visual System, 8(1), 154–157.
Dewhurst, S., & Bampouras, T. M. (2014). Intraday reliability and sensitivity of four functional ability tests in older women.

American Journal of Physical Medicine & Rehabilitation, 93(8), 703–707.
Faul, F., Erdfelder, E., Lang, A. -G., & Buchner, A. (2007). G ∗ Power 3: A flexible statistical power analysis program for the

social, behavioral, and biomedical sciences. Behavior Research Methods, 39(2), 175–191.
Folland, J. P., & Williams, A. G. (2007). The adaptations to strength training: Morphological and neurological contributions to

increased strength. Sports Medicine, 37(2), 145–168.
Gelman, R., Berg, M., & Ilan, Y. (2022). A subject-tailored variability-based platform for overcoming the plateau effect in

sports training: A narrative review. International Journal of Environmental Research and Public Health, 19(4), 1–16.
Gonzalo-Skok, O., Tous-Fajardo, J., Suarez-Arrones, L., Arjol-Serrano, J. L., Casajus, J. A., & Mendez-Villanueva, A. (2017).

Single-leg power output and between-limbs imbalances in team-sport players: Unilateral versus bilateral combined
resistance training. International Journal of Sports Physiology and Performance, 12(1), 106–114.

Gorman, P. P., Butler, R. J., Plisky, P. J., Kiesel, K. B., Underwood, F. B., & Elkins, B. (2012). Upper quarter Y balance test:
Reliability and performance comparison between genders in active adults. Journal of Strength and Conditioning Research,
26(11), 3043–3048.

Grygorowicz, M., Kubacki, J., Pilis, W., Gieremek, K., & Rzepka, R. (2010). Selected isokinetic tests in knee injury prevention.
Biology of Sport, 27(1), 47–51.

Vol 3 | Issue 3 | August 2024 37



The Importance of Symmetries in Olympic Clay Shooting Peljha et al.

Guiard, Y. (1987). Asymmetric division of labour in human skilled bimanual action: The kinematic chain as a model. Journal
of Motor Behavior, 19(4), 486–517.

Kalata, M., Maly, T., Hank, M., Zahalka, F., & Mala, L. (2020). Unilateral and bilateral strength asymmetry among young
elite athletes of various sports. Medicina, 56(12), 1–9.

Kang, M. H., Kim, G. M., Kwon, O. Y., Weon, J. H., An, D. H., & Oh, J. S. (2015). Relationship between the kinematics of the
trunk and lower extremity and performance on the Y-balance test. PM&R, 7(11), 1152–1158.

Leveau, B. F., & Bernhardt, D. B. (1984). Developmental biomechanics: Effect of forces on the growth, development, and
maintenance of the human body. Physical Therapy, 64(12), 1874–1882.

Maloney, S. J. (2019). The relationship between asymmetry and athletic performance: A critical review. Journal of Strength and
Conditioning Research, 33(9), 2579–2593.

Marcori, A. J., Monteiro, P. H., Oliveira, J. A., Silva, R. A., & Santos, T. M. (2022). Single leg balance training: A systematic
review. Perceptual and Motor Skills, 129(1), 232–252.

Muehlbauer, T., Roth, R., Bopp, M., & Granacher, U. (2012). An exercise sequence for progression in balance training. Journal
of Strength and Conditioning Research, 26(2), 568–574.

Peljha, Z., Michaelides, M., Collins, D., & Carson, H. J. (2021). Assessment of physical fitness parameters in Olympic clay target
shooters and their relationship with shooting performance. Journal of Physical Education and Sport, 21(6), 3260–3267.

Pion, J., Segers, V., Fransen, J., Debuyck, G., Deprez, D., Haerens, L., Vaeyens, R., Philippaerts, R., & Lenoir, M. (2015).
Generic anthropometric and performance characteristics among elite adolescent boys in nine different sports. European
Journal of Sport Science, 15(5), 357–366.

Puglisi, M. L., La Rocca, R., Sarra Fiore, A., Di Corrado, D., & Coco, M. (2014). Evaluation of postural balance in skeet
shooting. International Journal of Education and Research, 2(12), 53–60.

Rasool, J., & George, K. (2007). The impact of single-leg dynamic balance training on dynamic stability. Physical Therapy in
Sport, 8(4), 177–184.

Reiman, M. P., & Matheson, J. W. (2013). Restricted hip mobility: Clinical suggestions for self-mobilization and muscle re-
education. International Journal of Sports Physical Therapy, 8(6), 729–740.

Risberg, M. A., Steffen, K., Nilstad, A., Myklebust, G., Kristianslund, E. K., Moltubakk, M. M., & Krosshaug, T. (2018).
Normative quadriceps and hamstring muscle strength values for female, healthy, elite handball and football players.
Journal of Strength and Conditioning Research, 32(8), 2314–2323.

Ruiz, R., & Richardson, M. (2005). Functional balance training using a domed device. Strength and Conditioning Journal, 27(5),
50–55.

Samson, M., Button, D. C., Chaouachi, A., & Behm, D. G. (2012). Effects of dynamic and static stretching within general and
activity specific warm-up protocols. Journal of Sports Science and Medicine, 11(2), 279–285.

Shaffer, S. W., & Teyhen, D. S. (2007). Reliability and validity of a dual inclinometer technique for measuring active cervical
range of motion. Journal of Orthopaedic & Sports Physical Therapy, 37(1), 10–18.

Shaffer, S. W., Teyhen, D. S., Lorenson, C. L., Warren, R. L., Koreerat, C. M., Straseske, C. A., & Childs, J. D. (2013). Y-balance
test: A reliability study involving multiple raters. Military Medicine, 178(11), 1264–1270.

Springer, B. A., Marin, R., Cyhan, T., Roberts, H., & Gill, N. W. (2007). Normative values for the unipedal stance test with
eyes open and closed. Journal of Geriatric Physical Therapy, 30(1), 8–15.

Stastny, P., Tufano, J. J., Lehnert, M., Zaatar, A., Xaverova, Z., Pietraszewski, P., & Golas, A. (2017). Hip abductors and thigh
muscles strength ratios and their relation to electromyography amplitude during split squat and walking lunge exercises.
Journal of Strength and Conditioning Research, 31(9), 2482–2491.

Svecova, L., & Vala, D. (2018). Using the Y-balance test for predicting dynamic balance in adolescent athletes. Acta Gymnica,
48(4), 163–170.

Thomas, E., Bianco, A., Paoli, A., Palma, A., Battaglia, G., & Petrucci, M. (2018). The relation between stretching typology
and stretching duration: The effects on range of motion. International Journal of Sports Medicine, 39(4), 243–254.

Vad, V. B., Bhat, A. L., Basrai, D., Gebeh, A., Aspergren, D. D., & Andrews, J. R. (2004). Low back pain in professional
golfers: The role of associated hip and low back range-of-motion deficits. The American Journal of Sports Medicine, 32(2),
494–497.

Vargas, V. Z., Motta, C., Peres, B., Silva, R. T., & Nakamura, F. Y. (2019). Knee isokinetic muscle strength and balance ratio in
female soccer players of different age groups: A cross-sectional study. The Physician and Sportsmedicine, 48(1), 105–109.

Vealey, S. R. (2007). Mental skills training in sport. In G. Tenenbaum, & R. C. Eklund (Eds.), Handbook of sport psychology
(3rd ed., pp. 287–309). John Wiley & Sons, Inc.

Zouzias, I. C., Hendra, J., Stodelle, J., & Kremenic, I. J. (2018). Golf injuries: Epidemiology, pathophysiology, and treatment.
Journal of the American Academy of Orthopaedic Surgeons, 26(2), 116–123.

Vol 3 | Issue 3 | August 2024 38


	The Importance of Bilateral Limb Symmetries in Olympic Clay Shooting: A Prospective Intervention Study
	1. Introduction
	2. Method
	3. Results
	4. Discussion
	5. Conclusion
	Conflict of Interest
	References


