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ABSTRACT

This study investigated the effects of eight weeks of core stability
training on Functional Movement Screen (FMS) scores, balance, lower-limb
explosive power, and punch impact force in amateur boxers.

In this quasi-experimental study, 24 amateur boxers with FMS scores
<14 were randomly assigned to experimental (n = 12) and control (n = 12)
groups. The experimental group completed eight weeks of core stability training
(three sessions per week) alongside regular boxing training. FMS scores, static
and dynamic balance, lower-limb explosive power, and punch impact force
were assessed before and after the intervention. Data were analyzed using two-
way repeated-measures ANOVA.

Significant group x time interactions were observed for the total FMS
score and all seven items, static and upper- and lower-quarter dynamic balance,
lower-limb explosive power, and punch impact force (P = 0.001). All variables
Screen. Balance, Explosive ir.npll'c?ved significantly in thg experimental group (P < 0.001), whereas- no
power, Punch impact significant changes occurred in the control group (P > 0.05). Large effect sizes
force, Amateur boxing were observed across all variables (np? = 0.74-0.79).

Eight weeks of core stability training significantly improved
functional movement quality, static and dynamic balance, lower-limb explosive
power, and punch impact force in amateur boxers. These findings support
incorporating core stability training as a complementary component of boxing
training programs. However, further research is needed to determine its effects
on competitive performance and injury risk.
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Introduction

Boxing is recognized as a high-intensity Olympic sport that requires a combination of speed, power,
muscular strength, balance, and neuromuscular coordination (1). In this discipline, successful
competitive performance depends not only on technical and tactical skills but also on the ability to
generate and effectively transfer force from the lower to the upper extremities (2). This kinetic chain,
which originates from the ground and passes through the ankle, knee, hip, spine, and shoulder girdle
before terminating at the fist, requires biomechanical integrity and precise neuromuscular control
(3).

Given the unilateral and striking nature of boxing, boxers are frequently exposed to single-leg,
rotational, and unstable positions, further emphasizing the importance of balance and postural
control (7). Boxers spend approximately 60-70% of combat time in a single-leg stance, and any
deficit in static or dynamic balance may lead to reduced quality of defensive and offensive actions,
increased postural sway, and a higher incidence of injuries such as ankle sprains, knee injuries, and
low back pain (8). Furthermore, the Functional Movement Screen (FMS) is a practical tool for
identifying fundamental movement patterns, asymmetries, and core stability deficiencies. A low FMS
score (particularly <14) has been associated with an increased risk of injury in athletes (9).
Accordingly, the present study was designed to investigate the effects of an eight-week core stability
training program on selected neuromuscular performance indicators and Kinetic parameters in
amateur boxers. The dependent variables included the total FMS score and its subcomponents as
measures of fundamental movement quality; static balance (Stork Balance Test) and dynamic
balance (Y-Balance Test in three directions for both the upper and lower extremities) as indicators
of postural control and proprioception; vertical jump height as an indicator of lower-limb kinetic
chain force-generating capacity; and punch impact force (including peak and mean force indices) as
the final biomechanical output of the kinetic chain in boxing.

Methods

This quasi-experimental study employed a pretest-posttest design with a control group. The study
population consisted of adult amateur boxers from Qom, Iran, with at least one year of continuous
training experience. Twenty-four amateur boxers with Functional Movement Screen (FMS) scores of
14 or less were selected through convenience sampling and randomly assigned to experimental (n =
12) and control (n = 12) groups. All participants were healthy and free from acute or chronic
musculoskeletal injuries (13). The inclusion criteria were age 18-35 years, at least one year of
regular amateur boxing training, an FMS score <14, good physical health, and no musculoskeletal
injuries in the preceding six months. The exclusion criteria were absence from more than two
training sessions, voluntary withdrawal, injury or illness during the intervention, or participation in
additional training outside the study protocol. All participants provided written informed consent.
Anthropometric measurements included height and body mass. FMS assessment followed the
standard protocol described by Cook (15). Dynamic balance was assessed using the Y-Balance Test
for both the upper and lower extremities (16, 17), while static balance was evaluated using the Stork
Balance Test (18). Lower-limb explosive power was assessed using the vertical jump test (19), and
punch impact force was measured using a specialized device equipped with pressure sensors and
accelerometers (20).

The experimental group performed an eight-week core stability training program (three sessions
per week, 30-40 minutes per session) based on Brown et al. (2021) (11), in addition to their regular
boxing training. The program consisted of two levels (Level 1: weeks 1-4; Level 2: weeks 5-8), with
progressive intensity and resistance. The control group continued their regular boxing training
without additional core stability exercises. Data were analyzed using SPSS version 26. Normality was
assessed using the Shapiro-Wilk test, and homogeneity of variances was assessed using Levene's
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test. A two-way repeated-measures analysis of variance (ANOVA) was used to examine the main
effects of time and group, as well as the group x time interaction. Effect sizes were calculated using
partial eta squared (np?). Statistical significance was set at P < 0.05.

Results

The results of the two-way repeated-measures ANOVA indicated no significant differences between
the experimental and control groups in any of the study variables at pretest (P > 0.05), suggesting
that the groups were comparable at baseline. However, significant group x time interaction effects
were observed for all study variables, including the total Functional Movement Screen (FMS) score,
static balance, lower- and upper-extremity dynamic balance, lower-limb explosive power, and punch
impact force (P = 0.001). These findings indicate that the experimental group showed significantly
greater improvements than the control group across all study variables. Furthermore, post hoc
analyses revealed significant improvements from pretest to posttest in all variables within the
experimental group (P < 0.001), whereas no significant changes were observed in the control group
(P >0.05) (Table 1).

Discussion

The present study investigated the effects of eight weeks of core stability training on FMS scores,
static and dynamic balance, lower-limb explosive power, and punch impact force in amateur boxers.
The findings revealed that the training intervention had significant positive effects on all dependent
variables, with large effect sizes indicating substantial effects of the intervention. These findings are
consistent with those of previous studies on core stability training and can be interpreted in light of
biomechanical and physiological principles.

The results demonstrated that eight weeks of core stability training significantly improved
fundamental movement quality (as measured by FMS scores), static and dynamic balance of the
upper and lower extremities, lower-limb explosive power (vertical jump), and punch impact force in
amateur boxers. The increase in FMS scores from below the commonly cited injury-risk threshold
(=14) to above this threshold suggests a potential reduction in injury-related risk factors. However,
because injury incidence was not directly measured, it cannot be concluded that the intervention
reduced injury risk. Future research involving direct monitoring of injury rates is needed to confirm

Table 1. Changes in dependent variables across testing phases (mean + SD)

Effect Group  Time Group
Variables Group Pretest Posttest size F df p x
2 effect effect .
m9) Time
Exp. 11.45+286 18.85+2.39* 0.74 365 22 0.001 0.001 0.001
Total FMS score
Cont. 11.86+2.38 10.95%2.46 - 22 - - -
Static balance (s) Exp. 12.41+5.69 11.86+5.39* 0.79 6.46 22 0.001 0.001 0.001
i
Cont. 11.86+5.39 12.29+4.96 - 22 - - -
Lower quarter Exp. 61.53+8.12 83.68+9.17* 0.76 5.69 22 0.001 0.001 0.001
dynamic balance (%) Cont. 60.113+9.18 60.95+8.10 - 22 - - -
Upper quarter Exp. 48.49+11.8 59.19+9.3* 0.79 6.45 22 0.001 0.001 0.001
dynamic balance (%) Cont.  49.19+10.9 50.19+8.58 - 22 - - -
. Exp. 1996+2.86 26.86+1.49* 0.74 535 22 0.001 0.001 0.001
Vertical jump (cm)
Cont. 1836+3.49 19.48+3.42 - 22 - - -
Punch impact force Exp. 5446 +8.86 69.11+7.86* 0.77 5.86 22 0.001 0.001 0.001
N) Cont. 53.76+9.37 49.11+6.89 - 22 - - -

Note. Values are presented as mean # standard deviation (SD). FMS, Functional Movement Screen; Exp., experimental group;
Cont,, control group; F, F-statistic; df, degrees of freedom; n?, eta squared. Group, time, and group x time effects were assessed
using two-way repeated-measures ANOVA. *Indicates a significant difference from pretest (P < 0.05).
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this relationship. The observed improvements in static and dynamic balance may be particularly
relevant for boxers, who spend approximately 60-70% of match time in single-leg stances (21).
These improvements may contribute to better postural control and a reduced risk of lower-limb
injuries, although this hypothesis requires direct investigation (22).

Overall, the results indicate that core stability training is an effective intervention for improving
functional movement patterns, static and dynamic balance, lower-limb explosive power, and punch
impact force in amateur boxers. Given the risk of musculoskeletal injuries associated with the
unilateral and striking nature of boxing, improvements in these variables through core stability
training may contribute to reducing injury-related risk factors and enhancing athletic performance
(23, 24). The large effect sizes observed across all variables suggest that the intervention may have
practical relevance for coaches and sports specialists. Therefore, incorporating core stability training
into amateur boxers' training programs, particularly during the preseason, and using the Functional
Movement Screen (FMS) in preseason assessments to identify individuals with movement
limitations and guide corrective exercise programs are recommended as potential practical
applications of the findings (25).

The present study had several limitations that should be considered when interpreting the results.
These include the relatively small sample size, the absence of a follow-up period to assess the
sustainability of training effects, the inclusion of only male boxers, and the lack of precise control
over individual factors such as sleep patterns, nutrition, and participants' psychological states, all of
which may limit the generalizability of the findings. Accordingly, future research should include
larger samples and female boxers, employ longitudinal designs with long-term follow-up periods,
use more precise assessment tools such as electromyography and isokinetic testing to investigate
neuromuscular mechanisms, and examine the combined effects of core stability training and other
training methods on boxing performance.

The concurrent improvements in vertical jump height and punch impact force suggest that core
stability training may enhance force production and transmission along the kinetic chain. However,
because kinetic chain mechanics, trunk rotation, and neuromuscular coordination were not directly
measured, the proposed mechanisms, including improved force transfer and trunk control, remain
speculative and should be interpreted with caution. Future studies employing direct biomechanical
measurements (e.g., electromyography, kinematic analysis, or force plate data) are needed to clarify
the underlying mechanisms (26). Overall, core stability training appears to be an effective, low-cost
intervention for improving multiple performance-related and injury-risk-related variables in
amateur boxers. Based on the observed improvements in FMS scores, balance, explosive power, and
punch impact force, incorporating these exercises into regular training programs, particularly
during the preseason, may be beneficial for coaches and sports specialists seeking to enhance
performance-related characteristics and address potential injury risk factors. However, the
effectiveness of this intervention in reducing injury incidence or improving competitive
performance requires confirmation through future longitudinal studies with direct outcome
measures.

Conclusion

Eight weeks of core stability training significantly improved functional movement patterns, static
and dynamic balance, lower-limb explosive power, and punch impact force in amateur boxers. Given
that boxers spend a considerable portion of their fighting time in a single-leg stance and that punch
force generation depends on the kinetic chain, improvements in these variables may contribute to
enhanced athletic performance, better technical execution, and a reduced risk of injury. However,
further research involving direct assessments of boxers' performance under actual fighting
conditions is needed to draw definitive conclusions about the effects of these exercises on
competitive performance. Based on the present findings, incorporating core stability training into
amateur boxers' training programs is recommended as an effective complementary strategy.
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require a specific ethics approval code from the university's ethics committee and was authorized
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adhered to the ethical principles outlined in the Declaration of Helsinki (2013 revision). Before any
assessments or interventions were conducted, all participants received verbal and written
explanations of the study objectives, testing procedures, and expected duration of participation.
Written informed consent was obtained from all participants. Participants were also informed that
their participation was entirely voluntary and that they could withdraw from the study at any time
without penalty or adverse consequences. The confidentiality of participants' personal information
and research data was maintained throughout data collection, analysis, and reporting. In addition,
all assessments and interventions were conducted under appropriate supervision to minimize the
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