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Comparison of Central and Peripheral Fatigue 
Effects on Golf Swing Variability and Smoothness

Purpose: This study aimed to investigate the effects of central and peripheral fatigue on the 
golf swing, focusing on how these two types of fatigue influence movement variability and 
movement smoothness during performance.

Methods: This semi-experimental study included 30 female students (aged 20–35 years) with 
normal vision from Tehran City. Participation was voluntary, with informed consent obtained, 
and participants were stratified into three groups based on inclusion criteria: Central fatigue, 
peripheral fatigue, and a non-intervention control group. First, a demographic questionnaire was 
administered. Central and peripheral fatigue were assessed using the visual analog scale (VAS) 
and the Borg Scale, while motor coordination parameters were evaluated using qualisys motion 
analysis software. 

Results: Repeated-measures ANOVA revealed a statistically significant difference in mean 
motor coordination variability among the three groups in the post-test (P=0.001). Post-hoc 
comparisons showed that the non-intervention group had significantly lower motor coordination 
variability than both the central (P=0.001) and peripheral fatigue (P=0.001) groups. Additionally, 
motor coordination in the central fatigue group was significantly lower than in the peripheral 
fatigue group (P=0.001). Further analysis indicated that the non-intervention group exhibited a 
lower mean jerk (i.e. smoother movement) compared to both the central and peripheral fatigue 
groups (P=0.001). 

Conclusion: The findings provide empirical evidence that central and peripheral fatigue 
differentially impair golf swing execution, with distinct effects on movement variability and 
smoothness.
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Introduction

otor activity constitutes a fundamental 
aspect of human movement, shaped by 
individual capacity, experience, and 
environmental adaptations. In preci-
sion-based sports, such as golf, where 

coordination and biomechanical efficiency are para-
mount, fatigue represents a critical factor influencing 
performance. Motor coordination relies on neuromuscu-
lar control to facilitate smooth and efficient movements 
[1]. However, fatigue disrupts this process, inducing 
variations in movement patterns, increasing error rates, 
and heightening the risk of injury [2].

Arises from prolonged physical exertion, leading to a 
decline in the neuromuscular system’s capacity for force 
production and inter-muscular synchronization [3]. Ac-
cording to Tornero-Aguilera et al. central and peripheral 
fatigue have been broadly explained in exercise physi-
ology literature [4]. Furthermore, Izadi et al. reported 
that both central and peripheral fatigue negatively affect 
movement coordination and accuracy in handball play-
ers [5]. Similarly, Ortiz et al. emphasize that fatigue-in-
duced alterations in motor coordination negatively affect 
joint stability, particularly in sports requiring repetitive 
movement patterns [6]. Given these implications, it is 
hypothesized that muscular fatigue detrimentally af-
fects motor coordination in golf, increasing variability in 
movement execution.

Conversely, central fatigue results from sustained cog-
nitive exertion, impairing central nervous system activ-
ity and potentially disrupting motor control and pro-
prioception [7, 8]. Tornero-Aguilera et al. suggest that 
central fatigue disrupts cortical processing, leading to 
prolonged reaction times and diminished movement ac-
curacy [4]. Studies in other sports, such as soccer, show 
that central fatigue negatively affects passing decision-
making and cognitive-motor integration [9]. Similarly, 
Smith et al. demonstrate that central fatigue significantly 
compromises decision-making and motor execution in 
precision-dependent sports, such as golf [10]. Neurosci-
entific research indicates that mental exhaustion alters 
neuromuscular responses, disrupts proprioception, and 
hinders motor planning due to its influence on the frontal 
cortex, ultimately impairing performance [11].

Understanding the effects of fatigue is especially 
critical in sports requiring both physical endurance and 
cognitive acuity. Golf presents a unique challenge, de-
manding precise motor execution, sustained concentra-
tion, and biomechanical efficiency [12-14]. Unlike more 
physically intensive sports, where muscular endurance 
is paramount, golf relies on maintaining stable and con-
trolled movement patterns over extended periods [13]. 
Competitive golf requires substantial cognitive engage-
ment, motor coordination, and endurance [13]. The 
impact of fatigue on golf performance extends beyond 
muscular exhaustion, involving complex interactions be-
tween neuromuscular and cognitive functions.

M

Highlights 

● Players and coaches may increase fatigue thresholds by improving physical fitness parameters.

● Both central and peripheral fatigue affect movement coordination and jerk in the golf swing.

● Altered motor coordination patterns and reduced movement smoothness indicate increased injury risks due to 
fatigue-induced motor control degradation in golfers.

Plain Language Summary 

Motor control is a crucial aspect of sensorimotor integration influenced by multiple factors. Fatigue describes the 
decline in mental and physical performance as task difficulty increases. Both physical and mental activities - and the 
resulting fatigue - significantly challenge the human movement system. Few studies have examined fatigue’s influence 
on specific learning phases or directly compared central and peripheral fatigue mechanisms in skill acquisition. This 
study demonstrates that both central and peripheral fatigue affect motor coordination. The peripheral fatigue group 
exhibited greater motor coordination variability than the non-intervention group. The central fatigue group showed 
the most pronounced coordination variability. The non-intervention group maintained the most stable coordination 
patterns.
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Empirical evidence indicates that fatigue significantly 
impacts the biomechanics of the golf swing [12]. Haku-
kawa et al. found that fatigue-induced changes in trunk 
and lower-limb kinematics directly affect swing me-
chanics and shot accuracy [14]. Research on movement 
analysis techniques highlights the reliability of motion 
tracking systems for assessing motor performance un-
der fatigue [15]. Additionally, mental fatigue has been 
shown to negatively affect functional performance tests, 
impairing motor planning, decision-making, and ex-
ecution [16]. Similarly, Gebel et al. reported that pos-
tural control declines under fatigue, leading to increased 
movement variability and reduced shot precision in golf-
ers [17].

Central fatigue also impairs performance, with golfers 
exhibiting slower reaction times, decreased movement 
accuracy, and greater kinematic variability [13]. Stud-
ies indicate that central fatigue diminishes movement 
automaticity, forcing athletes to rely more on conscious 
control, which paradoxically increases variability and re-
duces performance consistency [8]. Athletes’ perceived 
exertion, measured via the Borg RPE scale, correlates 
with both physical and mental fatigue, affecting per-
formance outcomes [18]. Heart rate variability has also 
been shown to reflect fatigue levels and predict decre-
ments in motor control [19]. Central and peripheral fa-
tigue together impair coordination and timing, further 
compromising precision-dependent tasks [20]. Neuro-
muscular rehabilitation research highlights that fatigued 
individuals exhibit altered motor recruitment patterns 
and delayed response times [21]. Mental fatigue specifi-
cally impairs endurance and cognitive function, reduc-
ing the ability to maintain optimal performance under 
prolonged cognitive load [22]. Cognitive exhaustion 
has been demonstrated to decrease cognitive flexibility, 
thereby affecting decision-making and motor planning 
in sports contexts [23]. Collectively, these effects result 
in suboptimal motor planning and execution [24].

Addressing this gap, this study aimed to optimize train-
ing protocols, fatigue management strategies, and injury 
prevention measures in golf. Central fatigue is hypoth-
esized to have a more pronounced effect due to its direct 
influence on cognitive processing and neuromuscular 
responses [22]. Understanding the distinct effects of 
central and peripheral fatigue on golf performance could 
offer valuable insights for enhancing endurance strate-
gies and mitigating performance decline in athletes, ul-
timately improving both athletic performance and injury 
prevention [14].

Given these considerations, the present study system-
atically compared the effects of central and peripheral 
fatigue on motor coordination in the golf swing to deter-
mine which type of fatigue more significantly impacts 
performance. Notably, fatigue—whether muscular or 
mental—disrupts motor regulation by altering control 
strategies, increasing movement inconsistencies, and 
reducing accuracy. Given the established influence of 
fatigue on movement variability and smoothness, the 
study hypothesized that:

1) Both types of fatigue will negatively affect move-
ment variability and smoothness; 2) central fatigue will 
induce greater variability in motor coordination patterns 
than peripheral fatigue, as it more substantially impairs 
central motor control mechanisms [10].

Materials and Methods

This study employed an applied, semi-experimental re-
search design, utilizing pre-test and post-test procedures 
across three groups: Central fatigue, peripheral fatigue, 
and a non-intervention group. The statistical population 
consisted of female students. G*Power software, version 
5.3.3 was used to estimate the sample size, with a test 
power of 0.8, an effect size of 0.8, and an alpha level 
of 0.05. Participants were selected using criterion-based 
purposive sampling.

The final sample included 30 young, healthy female 
sports science students, aged 20–35 years. Eligibility 
criteria required participants to have no prior experience 
in golf, be right-handed, have normal or corrected-to-
normal vision, be free of underlying health conditions, 
abstain from regular alcohol or tobacco use, and be in 
good physical and mental health. During the familiar-
ization session, all testing methods and equipment were 
explained. To ensure consistency, participants were in-
structed to get adequate rest (a minimum of eight hours), 
avoid caffeine, alcohol, heavy exercise, and mentally 
demanding tasks 24 hours before testing, and consume 
a nutritious meal approximately 1.5 hours before each 
session.

Testing sessions were conducted at least 72 hours apart. 
Individuals were excluded if they had a history of neu-
rological disorders, took medications affecting cortical 
function, or sustained lower-limb musculoskeletal inju-
ries (e.g. ankle sprains) within the past six months. Writ-
ten informed consent was obtained after full disclosure 
of the study’s objectives and protocols. 
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Procedure  

Initially, the subjects hit a 2-meter target three times to 
warm up and become comfortable with the technique. 
Each participant was then given ten attempts to hit the 
target to complete the pre-test. A total of 48 optical mark-
ers were attached to the skin, and eight motion analysis 
cameras with a sampling rate of 240 Hz recorded the 
subject’s movements during the stroke (Figures 1 and 
2). Participants were instructed to stop the ball as close 
to the target as possible. Twenty-four hours later, the fa-
tigue task was administered first to the peripheral fatigue 
group. To prevent physical injury, each subject followed 
a 10-minute protocol involving stretching and dynamic 
movements, such as jumping and squatting (including 
sleeping, sitting, standing, and jumping). Subsequently, 
a modified Borg scale plank exercise was performed for 
15 minutes [14]. 

A score of more than 17 on this scale indicated that the 
subjects felt fatigued and weak. During the exercises, a 
heart rate monitor was used to track participant activity 
and heart rate. The participants’ heart rates increased to 
70% of their maximum, and they continued exercising 
until exhaustion. After completing the fatigue protocol, 
the subjects took ten golf shots toward the target.

In the central fatigue group, the central fatigue inter-
vention was applied first. Participants in this group 
first completed the visual analog scale (VAS) to mea-
sure their baseline central fatigue levels. They then per-
formed the Stroop task for 45 minutes (Figure 3). After 
the Stroop task, they completed the VAS again. If partici-
pants scored at least 50 points on the VAS, it indicated 
that they had reached the desired level of central fatigue 
[10]. In such cases, they continued the Stroop task while 
completing the VAS every 10 minutes until the intended 
level of central fatigue was achieved. 

In the non-intervention group, participants performed 
a block of ten golf swings during both the pre-test and 
retention stages. They rated their perceived exertion us-
ing a calibrated Borg scale (ranging from 6 to 20.23) at 
the start and end of each session. Perceived exertion was 
defined as the conscious sensation of how hard or strenu-
ous the activity felt [18].

Motion analysis system to record changes in body 
angles

A motion capture system consisting of eight infrared 
cameras (AM6110, Bertec, Columbus, OH, USA; fre-
quency: 600 Hz) was used, with data sampled at 250 Hz 

(Oqus, Qualisys, Sweden). A total of 48 reflective mark-
ers were placed on standardized bony landmarks. Mark-
er motion was recorded using Qualisys Track Manager 
software, version 2.7. Kinematic data and swing speed 
were calculated using Visual3D (C-Motion, Rockville, 
MD, USA) [14]. 

Subjective level of central fatigue

Participants rated their perceived fatigue levels on the 
VAS, ranging from 0 (not physically/mentally fatigued 
at all) to 10 (extremely physically/mentally fatigued), to 
assess subjective levels of physical and mental fatigue 
(PF/MF) [16]. Subjective measures of central fatigue 
were taken before and after the fatigue protocols, as 
previously documented by Verschueren et al. [16]. To 
confirm central fatigue induction, participants rated their 
perceived fatigue on the VAS (0–10) before and after the 
task. An increase in perceived fatigue post-intervention 
verified central fatigue establishment. This method 
aligns with prior research indicating that a post-task VAS 
score increase of at least 3 points reliably indicates cen-
tral fatigue [16]. 

All participants in the central fatigue group successful-
ly completed the test. To induce central fatigue, players 
performed a 30-minute computerized Stroop color-word 
task, which has been widely used in sports research due 
to its effectiveness in inducing central fatigue [17]. In 
this cognitive task, four words (red, blue, green, yellow) 
appeared individually on a grey-background computer 
screen. Participants responded by pressing a key corre-
sponding to the word’s color rather than its meaning (e.g. 
if red appeared in blue, the correct response was the blue 
key). 

To increase difficulty and attention demands, an excep-
tion was applied: if the word’s color was red, participants 
had to press the key matching the word’s meaning (e.g. 
if green appeared in red, the correct response was the 
green key). 

The task consisted of 50% congruent trials (word and 
color matching) and 50% incongruent trials. Each word 
appeared for 1000 ms, followed by a 1000-ms black 
screen before the next word appeared, resulting in a 
new stimulus every 2000 ms (900 total stimuli). Incor-
rect or delayed responses (>1500 ms) triggered a beep 
to prompt faster or more accurate responses. To enhance 
motivation, participants were challenged to complete as 
many correct responses as possible within the 30-minute 
period while competing for speed and accuracy against 
others [17]. 
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Rating of perceived exertion

Perceived exertion was recorded using the Borg scale 
(ranging from 6 to 20) at standardized intervals, both at 
the start and end of each game [18]. Perceived exertion 
reflects the subjective cognitive appraisal of physical ef-
fort intensity during activity [19]. 

Peripheral fatigue task

Peripheral fatigue was induced through progressive 
plank exercises under the researcher’s supervision [14]. 
The plank is an isometric exercise that promotes mus-
cular fatigue via sustained contraction, resulting in a 
progressive decline in neuromuscular efficiency—con-
sistent with the study’s objective of examining fatigue’s 
impact on motor coordination [20]. As a widely used 
whole-body exercise targeting the trunk, the plank is 
considered a high-intensity workout.

The forearm plank was performed in accordance with 
ACSM guidelines: “Body weight supported on forearms 
and toes, with scapulae protracted and pelvis posteriorly 
tilted.” To ensure controlled and consistent fatigue induc-
tion, participants maintained the plank position until reaching 
a perceived exertion level of 17 or higher on the modified 
Borg Scale (indicating “extremely difficult” exertion). Upon 
reaching this threshold, participants were instructed to stop. 
Following the plank task, a 30-second rest period was pro-
vided before participants performed the golf swing task. This 
approach standardized peripheral fatigue induction while 
minimizing the risk of injury and maintaining control over 
task intensity [14]. 

Heart rate monitoring

To monitor heart rate and confirm that participants 
reached approximately 90% of their maximal theoretical 
heart rate during the fatigue session—equivalent to the av-
erage heart rate observed during a badminton match—each 
participant wore a Polar RS400 running computer [19].

Figure 1. Placement of retroreflective markers on the subjects
Note: A) anterior view, B) posterior view; adapted from Ricardo et al. [15]

Figure 2. Arrangement of the eight motion analysis cameras

Mousavian F, et al. Comparison of Central and Peripheral Fatigue Effects on Golf Swing Performance. PTJ. 2026; 16(1):49-62.
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Statistical methods

The Shapiro-Wilk test was used to check the normal-
ity of data distribution, and Levene’s test was used to 
assess the homogeneity of variances. To investigate the 
main effects of fatigue type (between-group differences) 
and assessment phase (within-group differences), as well 
as the interaction effect of fatigue type with assessment 
phase, a mixed ANOVA with repeated measures (2×3) 
and Bonferroni’s post hoc test was used. Data analysis 
was conducted using SPSS software, version 20.

Results

The Mean±SD of wrist jerk are presented in Table 1. 
In the post-test, the mean wrist jerk in the peripheral fa-
tigue and central fatigue groups was higher than in the 
control group. A one-way analysis of variance revealed 
no significant difference in the mean jerk movements be-
tween the groups during the pre-test phase (F(2, 27)=0.12, 
P=0.87).To compare the mean wrist jerk movements, a 
Mixed ANOVA with repeated measures (2×3) was con-
ducted, followed by a Bonferroni post hoc test (Table 2).

The results of the repeated measures ANOVA (Table 
2) revealed a significant main effect of the assessment 
phase (P=0.001). Examination of the means showed that 
the mean jerk of movement in the post-test (M=370.76) 
was higher than in the pre-test (M=353.61). The 
main effect of group was not statistically significant 
(P=0.26). However, the interaction effect of assessment 
phase×group was significant (P=0.001). Pairwise com-
parisons (see interactive Figure 4) indicated a significant 
difference in the mean jerk of movement between the 
control group and both the central fatigue and peripheral 
fatigue groups (P<0.05). 

No significant difference was found between the central 
fatigue group and the peripheral fatigue group (P>0.05). 
Post-test mean comparisons revealed that the control 
group had a lower mean jerk (M=344.24) than both the 
central fatigue group (M=386.92) and the peripheral fa-
tigue group (M=381.13). These results suggest smoother 
performance (less jerk) in the control group during the 
post-test.

The Mean±SD of intra-limb coordination variabil-
ity are presented in Table 3. The findings presented in 
Table 3 show that in the post-test, the mean variability 
of intra-limb elbow-wrist coordination in the peripheral 
fatigue and central fatigue groups was higher than in the 
control group. The results of one-way ANOVA showed 
that there was no significant difference between the 
mean variability of the elbow-wrist movement coordina-
tion pattern among the groups in the pre-test phase (F(2, 

27)=1.02, P=0.37). 

Figure 3. The stroop color-word task

Table 1. Mean wrist jerk values in the three groups

Variable Group
Mean±SD

Pre-test Post-test

Wrist jerk

Control 356.63±32.37 344.24±23.75

Peripheral fatigue 349.88±33.57 381.13±34.07

Central  fatigue 353.62±28.63 370.76±34.69

�

Table 2. Comparison of mean jerk movements across the central fatigue, peripheral fatigue, and control groups during the 
assessment phases

Variable Source Sum of Squares df Mean of Square F P η2

Wrist jerk

Assessment phases 4410.12 1,27 4410.12 20.91 0.001 0.43

Group 4408.05 2,27 2204.02 1.41 0.260 0.09

Assessment×group 6547.53 2,27 3273.766 15.52 0.001 0.53

�
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To compare the mean variability of the elbow-wrist 
movement coordination pattern, a mixed ANOVA with 
repeated measures (2×3) and Bonferroni post hoc test 
was used (Table 4). 

The results of the repeated measures ANOVA in Table 
4 indicated a significant main effect of the assessment 
phase (P=0.001). Examination of the means revealed 
that the variability of the elbow-wrist movement coor-
dination pattern was higher in the post-test (M=74.14) 
than in the pre-test (M=65.51). The main effect of group 
was also significant (P=0.026). Bonferroni post hoc tests 
showed a significant difference in the mean variability of 
the elbow-wrist coordination pattern between the control 
group and both the peripheral and central fatigue groups 
(P<0.05). However, no significant difference was found 
between the central fatigue and peripheral fatigue groups 
(P>0.05). The mean variability in the control group 

(M=63.01) was lower than in both the central fatigue 
(M=73.09) and peripheral fatigue (M=73.38) groups.

The interaction effect between the assessment phase 
and group was significant (P=0.002). interactive Figure 
5 and pairwise comparisons demonstrated a significant 
difference in movement coordination variability be-
tween the control group and the peripheral/central fa-
tigue groups (P<0.05), but no significant difference was 
found between the central and peripheral fatigue groups 
(P>0.05). 

Post-test mean comparisons further indicated that 
movement coordination variability in the control 
group (M=63.18) was lower than in the central fatigue 
(M=78.54) and peripheral fatigue (M=80.70) groups. 

Table 3. Mean±SD of intra-limb coordination variability and wrist jerk

Variables Group
Mean±SD

Pre-test Post-test

Elbow-wrist coordination variability

Control 62.84±9.34 63.18±15.01

Peripheral fatigue 66.06±6.74 80.70±9.58

Central fatigue 67.64±6.52 78.54±10.41

Figure 4. Mean wrist jerk in the central fatigue, peripheral fatigue, and control groups during the assessment phases 
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Discussion

The primary objective of this investigation was to 
compare the effects of central and peripheral fatigue 
on movement variability and movement smoothness in 
golf swing performance. The results indicated that par-
ticipants in the control group exhibited lower (better) 
mean variability in motor coordination patterns and bet-
ter mean movement smoothness compared to the central 
fatigue and peripheral fatigue groups.

In the peripheral fatigue group, there was no discern-
ible difference in the average variability of the motor 
coordination pattern between the memorization and pre-
test stages. In contrast, the central fatigue group showed 

a significant difference in mean variability between 
these stages, with higher (worse) variability during the 
memory test compared to the pre-test. Overall, the cen-
tral fatigue group demonstrated the greatest variabil-
ity in coordination patterns, while the non-intervention 
group exhibited the least. The peripheral fatigue group 
displayed higher variability than the control group but 
lower variability than the central fatigue group. 

The results of the present study demonstrate that cen-
tral fatigue increases movement variability and reduces 
movement smoothness. Researchers have established 
central fatigue as a key factor negatively impacting ki-
nematics and athletic performance. Notably, mental ex-
haustion has been directly associated with declines in 

Table 4. Comparison of mean variability of elbow-wrist movement coordination pattern in the central fatigue, peripheral 
fatigue, and control groups across the assessment phases 

Variable Source Sum of Squares Df Mean of Square F P η2

Variability of the elbow-
wrist movement coordina-

tion

Assessment phases 1115.34 1,27 1115.34 33.82 0.001 0.55

Group 1393.95 2,27 696.97 4.16 0.026 0.23

Assessment×group 550.58 2,27 275.29 8.34 0.002 0.38

Figure 5. Mean variability of elbow-wrist movement coordination patterns in the central fatigue, peripheral fatigue, and con-
trol groups across assessment phases

Mousavian F, et al. Comparison of Central and Peripheral Fatigue Effects on Golf Swing Performance. PTJ. 2026; 16(1):49-62.
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hand and foot coordination. Coordinated movements, 
defined as sequences of voluntary actions synchronized 
at the cortical level [20], are especially vulnerable to 
such fatigue. These findings are consistent with those of 
Smith et al. [21] and Marcora et al. [22] all of whom ob-
served the detrimental effects of central fatigue on motor 
control and coordination. Mentally fatigued individuals 
display reduced accuracy, timing, and stability in tasks 
requiring fine motor skills, such as dynamic balance and 
hand-eye coordination. This impairment is often accom-
panied by increased postural fluctuations and diminished 
stability, indicating that central fatigue hinders the abil-
ity to sustain optimal movement patterns. Collectively, 
these findings reinforce the idea that central fatigue dis-
rupts the integration of sensory and motor processes, re-
sulting in less efficient movement strategies [22]. 

Zahiri et al. [20] highlight that central fatigue adversely 
affects behavior and attention by disrupting the central 
nervous system. Additionally, central fatigue modifies 
muscle activation patterns, especially during tasks de-
manding sustained attention and precise motor control. 
Smith et al. found that central fatigue leads to delayed 
muscle onset and diminished coordination between 
agonist and antagonist muscles during repetitive tasks. 
This decline in muscle coordination not only compro-
mises movement efficiency but also heightens the risk 
of compensatory biomechanical patterns, which may 
contribute to musculoskeletal strain and injury over time 
[21]. At the neurophysiological level, central fatigue is 
associated with reduced activity in the prefrontal cortex, 
a brain region critical for decision-making, attention, and 
motor planning. Marcora et al. demonstrated that cen-
tral fatigue disrupts cognitive-motor integration, lead-
ing to slower reaction times and poorer motor accuracy. 
This suggests that the brain’s ability to process sensory 
information and execute coordinated movements is im-
paired under mental fatigue. Additionally, the depletion 
of monoaminergic neurotransmitters (e.g. dopamine and 
norepinephrine), which play a key role in maintaining 
motivation and motor performance, may exacerbate 
these effects [22]. Similarly, Lederman et al. [23] linked 
mental fatigue to reduced muscle response, diminished 
dynamic joint stability, and decreased excitability of cor-
ticomotor neurons, ultimately impairing balance.

Building on this, Martin et al. [24] further elaborated 
that mental fatigue—resulting from adenosine accumu-
lation in the brain and resistance to increased effort—
leads to feelings of exhaustion and low energy. This 
disruption in neuromuscular control, potentially due to 
perceived weakness and weariness, delays neuromus-
cular activation, increasing torque and shear forces and 

thereby compromising joint stability [6]. Thorndike’s 
theory of central fatigue mechanics posits that prolonged 
mental work gradually diminishes the productivity of 
mental functions. Individuals engaged in cognitively 
demanding tasks often experience prolonged mental 
exertion, reducing sustained attention, productivity, and 
limiting adaptability in unpredictable situations [25]. 
Supporting this, Skala and Zamkova [26] demonstrated 
that central fatigue induced by at least 30 minutes of the 
Stroop color-word task and smartphone use negatively 
impacts cognitive performance in sports tests, such as 
the football acceptance test. They also noted that both 
central and peripheral fatigue can alter players› attention 
and perception levels.

However, not all findings align with these observa-
tions. For instance, De Vleeschouwer et al. [27] reported 
that central fatigue does not affect lower-limb kinemat-
ics during lateral landing jumps. They suggested that the 
primary impact of central fatigue on performance stems 
from individuals› impaired ability to allocate attention ef-
fectively. According to the parallel information process-
ing model [28], focusing on fatigue sensations prevents 
optimal task performance. Easterbrook’s perceptual nar-
rowing theory further supports this, demonstrating that 
central fatigue restricts attentional focus, thereby impair-
ing performance [11]. Additionally, Hasan et al. [11] 
found that central fatigue adversely affects both active 
and passive knee proprioception and balance, disrupt-
ing active proprioceptive sensation. Given that central 
fatigue is linked to central nervous system dysfunction, 
these findings are validated, as coordinated movements 
rely on sequences of voluntary actions regulated at the 
cortical level [29].

On the other hand, this research demonstrated that pe-
ripheral fatigue is one of the factors influencing coor-
dination pattern variability. This finding aligns with the 
results of Cowley and Geis [30]. Their study revealed 
that the primary manifestations of shoulder fatigue in-
clude increased elbow flexion, decreased arm height, 
and greater left trunk angle and angular velocity. Fur-
thermore, they found that motion variability increased 
more in proximal joints than in distal joints following 
both fatigue protocols, with a more pronounced effect af-
ter proximal fatigue [30]. Additionally, researchers have 
examined the impact of fatigue on shooting kinematics, 
indicating that when players shoot under moderate to se-
vere fatigue, significant changes occur in arm and shoul-
der positioning [31, 32].
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Uygur et al. found that fatigue does not significantly 
influence the selected movement variables of the free 
throw. In contrast, other researchers have examined 
the effects of lower limb fatigue on gait parameters in 
healthy young individuals [31]. Their observations dur-
ing fatigue tests revealed a notable reduction in the cen-
ter of mass of the knee joint and peak point, increased 
knee flexion, and decreased ankle dorsiflexion during 
the heel strike phase of the gait cycle [33]. 

According to Afhami et al. athletes exhibit greater neck 
angle reconstruction errors compared to non-athletes due 
to neck muscle fatigue [34]. Gao et al. found that lower 
limb symmetry remained unaffected after running under 
fatigue conditions, with similar levels of peripheral-central 
fatigue observed in both limbs [35]. Movement variability 
reflects neuromuscular control capacity, and fatigue serves 
as a key factor increasing variability in subsequent efforts. 
This increased variability indicates reduced motor control, 
arising from movement noise, disrupted ion channel and 
synaptic function, and neural instability [36]. 

Fatigue directly impacts muscles and their contraction 
mechanisms while progressively decreasing involuntary 
muscle activation. It elevates the discharge threshold of 
muscle spindles, disrupts alpha-gamma coactivation, and 
causes sensory signals to shift to alpha motor neurons. This 
neural adaptation impairs the muscle-joint coordination 
needed for proper protective function. Such changes may 
lead to altered neuromuscular control in the lower limbs 
and modified afferent input from peripheral receptors [32]. 
Ultimately, fatigue-induced modifications in afferent sig-
nals from lower limb muscle receptors can diminish ath-
letic performance and elevate injury risk [37, 38].

Another key finding of this study indicates that jerk, 
as an indicator of movement smoothness, is influenced 
by multiple factors, including fatigue and skill level. Ac-
cording to motor control theories, the central nervous 
system optimizes movements to minimize jerk, thereby 
producing smoother and more efficient motion patterns 
[39]. This optimization is particularly pronounced in 
skilled performers, where lower jerk values reflect supe-
rior neuromuscular coordination and refined motor con-
trol (Harris & Wolpert, 1998) [40]. However, fatigue—
whether central or peripheral—can impair these control 
mechanisms. Peripheral fatigue compromises muscle 
activation and joint stability, while central fatigue dis-
rupts cognitive-motor integration and elevates move-
ment variability [40]. These combined effects suggest 
that fatigue degrades motor performance by increasing 
jerk and reducing movement smoothness, consequently 
heightening injury risk during dynamic movements. 

These findings underscore the critical importance of fa-
tigue management in sports and complex motor tasks. 
Implementing targeted strategies, such as enhanced 
physical conditioning, cognitive training, and optimized 
recovery protocols, can help counteract fatigue’s detri-
mental effects on movement quality and coordination 
[40, 41].

However, several limitations of this study must be 
acknowledged to properly contextualize the findings. 
While this research provides valuable insights into how 
central and peripheral fatigue affect motor coordina-
tion during golf swings, certain constraints should be 
noted. First, the study’s sample consisted exclusively 
of young, healthy female students, which may limit the 
generalizability of the results to other populations, such 
as male golfers, older individuals, or professional ath-
letes. Future studies should incorporate more diverse 
participant groups to verify these findings across dif-
ferent demographics. Second, the laboratory setting, 
while controlled, may not accurately reflect the dynamic 
conditions of actual golf play. Environmental factors, 
including variable weather conditions, uneven terrain, 
and competitive pressure—all known to influence fa-
tigue development and motor coordination—were not 
replicated in this experimental setup. These real-world 
variables could potentially modify the observed relation-
ships between fatigue and swing coordination patterns.

To improve ecological validity, future research should 
incorporate field-based experiments that more accurate-
ly simulate the complex demands of actual golf perfor-
mance. Third, the current study’s fatigue protocols may 
not precisely represent the specific challenges of com-
petitive golf. While the Stroop task served as our central 
fatigue induction method (a well-established cognitive 
test), it may not fully capture the mental demands of 
an actual golf game. Similarly, the plank-based periph-
eral fatigue protocol might not adequately reproduce the 
exact muscular fatigue patterns generated during golf 
swings. Future investigations should develop sport-spe-
cific fatigue protocols that better replicate golf’s unique 
physical and cognitive requirements.

Additionally, while movement variability served as 
our primary outcome measure, we acknowledge that 
increased variability does not necessarily indicate im-
paired performance. In certain contexts, greater vari-
ability may demonstrate beneficial motor adaptability 
and system resilience. Addressing these limitations in 
subsequent studies will advance our understanding of 
how central and peripheral fatigue affect coordination 
patterns in golf and other precision sports. 
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Conclusion

The findings of this study reveal that the motor coor-
dination pattern variability in the muscular fatigue group 
was significantly greater than that of the control group but 
lower than that of the central fatigue group. Notably, the 
central fatigue group demonstrated the highest coordina-
tion variability, underscoring the profound influence of 
central fatigue on motor control. This research provides 
the first simultaneous investigation of both peripheral and 
central fatigue effects on golf swing mechanics, suggest-
ing the need for additional studies to examine these rela-
tionships across different protocols and sporting contexts.

Based on these results, we recommend that coaches 
and instructors employ targeted strategies to address 
both central and peripheral fatigue. For mental fatigue 
reduction, interventions, such as meditation, mental im-
agery, and mindfulness training may prove beneficial. 
Concurrently, enhancing physical conditioning can raise 
the threshold for peripheral fatigue onset. By implement-
ing comprehensive fatigue management programs that 
optimize motivation and recovery, practitioners can help 
athletes sustain peak performance while minimizing in-
jury risk.
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