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Article history: Background: Football performance relies on multiple physical capacities,
Received 27 June 2025 including aerobic endurance, anaerobic power, muscle strength, speed, agility,
Accepted as revised 26 March 2026 and technical skills. Comprehensive training programs that integrate various
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Keywords: performance. However, limited evidence exists regarding the long-term effects
Structured training, football players, of such integrated programs, particularly whether physical performance gains
aerobic capacity, muscle strength, can be sustained after training cessation.
anaerobic power, VO,max, detraining
period Objectives: This study aims to evaluate the long-term effects of a one-year
structured training program on physical fithess components in male university
football players, including assessment of sustained outcomes after a six-
month detraining period.
Materials and methods: A retrospective-prospective cohort study was
conducted involving 15 male university-level competitive football players
aged 18-22 years. Participants underwent a structured training regimen that
incorporated aerobic, anaerobic, strength, speed, and football-specific
drills. Physical fitness parameters were measured before the training period,
immediately after one year of training, and again at six months post-training.
Statistical analysis involved repeated-measures ANOVA and Bonferroni post
hoc testing.
Results: The program significantly improved VO,max, leg strength, sprint
speed, and anaerobic power (p<0.05). However, these gains were not sustained
at the six-month follow-up. Other measures, such as handgrip strength, flexibility,
and vertical jump, did not show significant changes.
Conclusion: Structured multimodal training is effective in improving essential
fitness attributes for football performance. However, without continued stim-
ulus, performance gains diminish over time, suggesting the need for long-term
maintenance strategies.
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capacity, muscular strength, speed, agility, flexibility,
and technical skills, all of which contribute to overall
match performance.” Aerobic capacity, commonly
represented by maximal oxygen uptake (VO,max), plays
a fundamental role in sustaining performance and
enhancing recovery between high-intensity efforts.>® In
contrast, anaerobic capacity supports short-duration,
high-intensity actions that are critical for decisive
moments during match play.® Muscular strength,
particularly in the lower limbs, has also been shown to
be closely associated with sprint performance, jump
ability, and overall physical performance in football
players.”®

Previous studies have demonstrated that specific
training modalities, including aerobic conditioning,
resistance training, and small-sided games (SSGs), can
effectively improve individual components of physical
fitness in football players.®'° Aerobic training has been
shown to enhance VO,max and endurance capacity,
while resistance and plyometric training improve
muscular strength, power, and sprint performance.?’
SSGs have gained popularity as an effective training
method that simultaneously develops technical
skills and physical conditioning under game-Llike
conditions.**'® However, football performance is
inherently multifactorial, requiring the interaction of
several physiological and neuromuscular systems.
Therefore, integrated training programs that combine
multiple training modalities may provide more
comprehensive benefits compared to isolated training
approaches.

Despitethe growingbody ofliterature, mostexisting
studies have focused on short-term interventions

or individual training components, with limited
investigation into the long-term effects of structured,
multimodal training programs. Furthermore, there
is limited evidence on the sustainability of training-
induced adaptations following detraining, particularly
in university-level football players.*'® Understanding
whether improvements in physical fitness can be
maintained after training cessation is important for
designing effective long-term training strategies and
preventing performance decline during off-season
periods.

Therefore, this study aimed to investigate the long-
term effects of a comprehensive structured training
program on multiple components of physical fitness
in university-level football players and to examine the
sustainability of these adaptations following a six-
month detraining period.

Materials and methods
Study design

This study employed a retrospective—prospective
cohort design to evaluate the long-term effects of
a structured training program on physical fitness in
university-level football players. Baseline assessments
were conducted before the training program. The
intervention period lasted for one year (August 2023
to July 2024), followed by a six-month follow-up period
(January 2025) to examine detraining effects. During the
follow-up phase, participants were not provided with
a structured training program and were instructed to
continue their usual daily activities without supervised
training, allowing the follow-up assessment to reflect a
natural detraining condition (Figure 1).
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Players assessed for eligibility (N=15)

Enrollment

Excluded (N=0)
¢ Injury or medical contraindication
¢ Unable to complete protocol

Eligible participants meeting inclusion

criteria (N=15)

280% training attendance

Male football players aged 18-22 years
=2 years training experience

Completed Baseline Assessment (N=15)

e Anthropometrics

Baseline * Strength, speed, agility

e VO, max (20-m shuttle run)

e RAST

Intervention

One-year training program completed (N=15)

/Study

Post-training
assessment

6-month follow-up

Post-training assessment (N=15)
(same outcome measures)

6-month follow-up assessment (N=15)

Figure 1. Flow diagram of the study.

assessment (same outcome measures)
Analysis Statistical analysis (N=15)
Participants

Fifteen male university-level football players
aged 18-22 years were recruited from the Chiang
Mai university football team. All players who met
the inclusion criteria were included; therefore, the
sample represented the entire available team roster
rather than being determined through an a priori
sample size calculation. Participants had at least two
years of continuous training experience and regularly
participated in structured team training sessions
approximately 3-5 days per week.

Participants were eligible for inclusion if they
were male football players aged 18-22 years, actively
registered with the university team, had at least two
years of continuous training experience, and attended at
least 80% of scheduled training sessions. Participants
were excluded if they had any current musculoskeletal
injury, cardiovascular or other medical conditions
contraindicating high intensity exercise, or were unable
to complete the full training protocol. Withdrawal
criteria included absence from more than 20% of
training sessions or injury during the study period.

All eligible participants completed the full training
program and met the adherence criteria. This study
was approved by the institutional ethics committee

(AMSEC-67EX-040), and all participants provided
written informed consent prior to participation.

Training protocol

Participants engaged in a structured training
program lasting one year, developed under the
supervision of a qualified sports scientist. The program
was designed to enhance multiple components of
physical fitness relevant to football performance,
including aerobic capacity, sprint performance, muscular
strength, flexibility, and sport-specific skills.

Aerobic training consisted of continuous running
performed atmoderate-to-highintensity (approximately
75-85% of maximum heart rate), conducted three
times per week. Sprint training involved repeated
100-meter sprints alternated with jogging recovery,
with progressive increases in training volume from 10
to 15 sets per session. Additional speed development
was targeted using short-distance sprint repetitions
(30 meters), performed in 5 to 8 sets per session, three
times weekly.

Resistance training focused on lower-limb
strength, using functional exercises such as squats
and front lunges with a 4 kg medicine ball. Training
was performed three times per week with 3-5 sets per
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session. Flexibilitytrainingwasincorporatedthreetimes
per week and included dynamic stretching during the
warm-up and static stretching during the cool-down.
Dynamic stretching targeted major lower limb muscle
groups using controlled movements, while static
stretching was performed in standardized positions
and held for 15-30 seconds, repeated 2-3 times per
muscle group. In addition, participants performed
football-specific drills, including ball possession,
passing, attacking, and defending exercises, as well
as SSGs (e.g., 3v3 and 5vb), for approximately 30-45
minutes per session.

Table 1. Structured one-year training program.

Training progression was implemented according
to the principle of progressive overload, with gradual
increases in training volume, repetition number, and
exercise complexity throughout the intervention
period. Aerobic duration and sprint repetitions were
progressively increased, while resistance training
volume was adjusted across the season. Football-
specific drills evolved from basic technical drills to
more complex tactical scenarios. All training sessions
were supervised by a qualified sports scientist and
coaching staff. Training attendance was systematically
recorded to monitor adherence, and participants
were required to attend at least 80% of sessions to be
included in the analysis (Table 1).41%"1

Component Frequency Intensity

Duration

Description Progression

Flexibility 3 sessions/week Low intensity 10-15 minutes Dynamic (pre-training) Maintained throughout
training and static (post-training) season

stretching
Aerobic 3 sessions/week 75-85% HRmax 30-45minutes  Continuous running Gradualincrease in
training duration and intensity

over season

Interval 3-4 sessions/week High intensity 10-15 sets 100-m repeated sprints Sets progressed from 10
sprint alternated with jogging to 15 per session
training
Resistance 3 sessions/week Moderate load  3-5 sets/session Squats and frontlunges Gradualincreasein
training using 4-kg medicine ball  training volume
Speed 3 sessions/week High intensity 5-8 sets 30-m sprint repetitions Increased repetitions
training over time
Football- Daily Sport-specific 30-45 minutes Ball possession, Increased tactical
specific skill passing, attacking, complexity and game
training defending (1v1, 2v2), intensity

small-sided games (3v3,
5v5)

Outcome measures

Physical fitness assessments were conducted
at three time points: baseline (prior to training), post-
training (immediately after completion of the one-year
training program), and follow-up (six months after the
training period). To ensure consistency and minimize
fatigue effects, all assessments were conducted in a
standardized sequence for all participants and at all
time points.

Anthropometric measurements were obtained
using a bioelectrical impedance analyzer (InBody,
Biospace Co., Ltd., Seoul, Korea) and included body
weight, body fat percentage, and body massindex (BMI).
Flexibility was assessed using the sit-and-reach test,
with the best of two trials recorded.'? Explosive power
was evaluated using a countermovement vertical jump
test, and the highest value from two trials was used
for analysis.’™ Muscle strength was assessed using a
handgrip dynamometer (JAMAR, USA) and lower-body
strength using a leg press test normalized to body

weight.' Speed and agility were assessed using a 40-m
sprint test and a shuttle run test, respectively, with the
fastest performance from two trials recorded.®

Aerobic capacity was estimated using the 20-m
multistage fitness test,'” from which maximal oxygen
uptake (VO,max) was calculated based on the final
stage achieved using standardized reference equations:
VO,max = (age factor x max oxygen uptake = 1,000) /
body weight (kg)

Anaerobic performance was assessed using the
Running-Based Anaerobic Sprint Test (RAST). Participants
performed six maximal 35-m sprints separated by 10-s
recovery intervals, and sprint time for each repetition
was recorded.' Power output for each sprint was
calculated as:

Power = (body mass x (distance)?) / (time)*

From the six sprint trials, peak power, minimum
power, mean power, and fatigue index (Fl) were
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calculated. The fatigue index was determined using the
following equation:

FI = (peak power —minimum power) / total sprint time

All measurements were conducted by trained
evaluators under the supervision of a qualified
sports scientist, and the same assessor performed
all measurements across all time points to minimize
inter-rater variability. Participants were familiarized
with all testing procedures prior to data collection,
and standardized instructions and rest intervals were
applied across testing sessions.

Training attendance was recorded by the coaching
staff for each session to monitor exercise adherence.
Participants were required to attend at least 80% of
the scheduled training sessions to be included in
the analysis. All participants met this criterion and
completed the full training program.

Statistical analysis
All statistical analyses were performed using SPSS
software (version 21.0, IBM Corporation, Chicago, IL).

Descriptive statistics, including means and standard
deviations, were calculated forall continuousvariables.
The normality of data distribution was assessed using
the Shapiro-Wilk test due to the relatively small sample
size. Since the data were approximately normally
distributed, repeated-measures analysis of variance
was conducted to examine changes in physical
fitness outcomes over time. Where significant main
effects were identified, Bonferroni-adjusted pairwise
comparisons were performed to determine differences
between time points (baseline, post-training, and
follow-up). The assumption of sphericity was assessed
using Mauchly’s test, and the Greenhouse-Geisser
correction was applied when necessary. Statistical
significance was set at p<0.05.

Results

Participants’ demographic and physical characteristics,
including age, body composition, and baseline physical
fitness measures, were collected before the training
intervention to establish areference pointfor evaluating
program effects. These baseline data are summarized
in Table 2.

Table 2. Baseline characteristics of male university football players.

Variables Mean+SD
Age (year) 19.73+0.96
Weight (kg) 73.52+11.84
Height (cm) 174.41+6.27
Position (N) 15
Goalkeeper 1
Center back 3
Right back 2
Left back 2
Defensive midfielder 2
Attacking midfielder 3
Left winger 1
Right winger 1

Note: cm: centimeter, kg: kilogram.
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The physical fithness profiles of participants,
including body composition, flexibility, muscular
strength, explosive power, agility, sprint speed, aerobic
capacity, and anaerobic performance, were assessed
at three time points. Mean and standard deviation
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values at baseline, after one year of training, and at the
six-month follow-up are summarized to provide a clear
overview of participants’ physical status throughout
the study (Table 3).

Table 3. Mean and standard deviation of physical fitness test scores among male university football players.

Variables el e
Body mass index (BMI) (kg/m?) 22.48+2.06 23.02+2.28 23.56+2.98
Body fat (%) 17.09+4.69 17.86+4.26 17.31+4.06
Sit and reach (cm) 18.67+6.96 17.00+6.20 17.27+6.22
Grip strength (kg/body weight) 0.61+0.10 0.60+0.10 0.61+0.10
Leg strength (kg/body weight) 2.21+0.60 2.50+0.46 2.26+0.39
Vertical jump (cm) 50.27+5.89 50.00+5.68 51.07+6.70
Shuttle run test (second) 10.12+0.50 9.97+0.56 10.50+0.86
Sprint 40-m test (second) 6.05+0.32 5.77%0.49 6.49%0.62
Multistage fitness test (VO,max) (mL/min/kg) 43.68+5.82 46.39+5.70 41.62+9.16
RAST test (watt/kg) 38.25+6.51 28.52+7.72 42.91+7.97

Note: BMI: body mass index, cm: centimeter, m* square meter, VO,max: maximal oxygen consumption.

Improvements in leg strength, sprint performance,
VO,max, and anaerobic power were observed following
the training program, with statistically significant
differences between baseline and post-training
assessments. At the six-month follow-up, most
outcomes that improved post-training were no longer
significantly different from baseline, indicating partial

loss of training- induced adaptations. However, 40-m
sprint performance remained significantly improved
compared with baseline at follow-up, despite a
significant decline from post-training. No significant
changes over time were observed in flexibility, handgrip
strength, vertical jump, body fat percentage, or BMI
(Table 4).

Table 4. Comparison of physical fithess measures at baseline (a), post-training (b), and follow-up (c) in male
university football players (N=15).

Variables b-a p value c-a p value c-b p value F df (AN,(J)VA)
Body mass index (BMI) (kg/m?  0.535  0.080  1.079  0.072 0.545 0.360 5191  (2,28) 0.012*
Body fat (%) 0773  0.901 0220 0.892 -0.553 1.000 0.497  (2,28) 0.613
Sit and reach (cm) 1.667 0.101 -1.400 0.572 0.267 1.000 2.551 (1.39,19.43) 0.118
Grip strength (kg/body weight) ~ -0.005  1.000 -0.003 1.000 ~ 0.002 1.000 0.031 (1.17,16.37) 0.895
Leg strength (kg/body weight) ~ 0.290  0.005¢  0.050  1.000 -0.240 0.096 2.926 (1.38,19.37) 0.093
Vertical jump (cm) .0.267 1.000 0.800 0.937 1.067 0.203 2.692  (2,28) 0.085
Shuttle run test (second) 0155 0.663 0.381 0140 0536 0.097 3.994  (2,28) 0.030*
Sprint 40-m test (second) 0279 0.023* 0443 0.018* 0723 0.005* 10412  (2,28)  <0.001*
x/g:ﬁt:)ii:l?fgsﬁf:)t 2713 0.013* -2.060 0.658 -4.773 0.005* 2769  (2,28) 0.080
RAST test (watt/kg) 9733 0.005* 4.660 0.163 14.393 0.002* 6.647  (2,28) 0.004

Note: BMI: body mass index, cm: centimeter, m?: square meter, VO,max: maximal oxygen consumption. Values are presented
as mean differences between time points; a: baseline, b: post-training, c: follow-up. Statistical analysis was performed using
repeated-measures ANOVA with Bonferroni-adjusted pairwise comparisons. Sphericity was assessed using Mauchly’s test, and
Greenhouse-Geisser correction was applied when assumptions were violated. *statistical significance was set at p<0.05.
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The present study investigated the long-term
effects of a structured training program on multiple
components of physical fitness and examined
the sustainability of these adaptations following a
detraining period. The findings demonstrated that
the one-year training program significantly improved
aerobic capacity, lower-body strength, sprint
performance, and anaerobic power. However, these
improvements were not maintained after six months of
detraining, indicating that continued training stimulus
is required to sustain performance adaptations
in university-level football players. These findings
highlight the importance of continuous training and
structured maintenance strategies to preserve physical
performance in football players.

The significantincrease in VO,max observed post-
training aligns with previous research emphasizing
the importance of aerobic endurance for football
performance. Aerobic capacity supports prolonged
activity and facilitates recovery during intermittent
high-intensity efforts typical of match play. The training
protocol in this study included moderate-to-high-
intensity continuous running and interval sprints, which
likely contributed to the observed improvement. This
finding is supported by Helgerud et al.,"" who found that
high-intensity aerobic training significantly enhances
VO,max and overall match-related endurance. Recent
studies have also reported improvements in aerobic
capacity and repeated sprint performance following
structured training programs in football players.' Sprint
performance and anaerobic power also improved
significantly. These elements are essential for explosive
actions such as accelerations, tackles, and transitions
during matches. The inclusion of short-distance sprint
drills, plyometric movements, and anaerobic running
intervals likely contributed to these improvements.2%:2!
RAST scores and 40-meter sprint times both reflected
enhanced anaerobic output, supporting the view that
repeated high-intensity bouts can lead to neuromuscular
adaptationsthat benefit speed and power.' Lower body
strength, as measured by leg press normalized to body
weight, showed significant improvement after training.
Resistance exercises such as squats and lunges were
integrated into the weekly routine and performed
consistently throughout the intervention period.
Enhanced strength may also have contributed to better
sprint performance and anaerobic output, indicating
interdependence among physical fithess domains in
football-specific activities.?® The progressive overload
applied throughout the one-year training program may
also have contributed to these improvements. Gradual
increases in training volume, sprint repetitions,
and resistance training workload likely promoted
physiological and neuromuscular adaptations that
enhanced aerobic capacity, sprint performance,
anaerobic power, and lower-body strength.

Despite these improvements, the six-month
follow-up assessments indicated regression in all

variables that had initially shown significant gains.
Although values did not fall below baseline, they no
longer differed significantly from pre-training levels.
This suggests that the observed benefits were not
sustained without continued training. The reversal of
gains can be attributed to detraining, a phenomenon
characterized by the partial or complete loss of training-
induced adaptations when the training stimulus is
reduced or withdrawn.?>2* Mujika et al.%® have reported
that aerobic and strength performance can decline
rapidly during periods of training cessation.

No significant changes were observed in flexibility,
handgrip strength, vertical jump height, body fat
percentage, or BMI across the study period. These
results suggest that either the training program did
not sufficiently target these components or that these
variables are less sensitive to the type and volume of
stimulus provided. For example, static flexibility and
grip strength may require more specific or isolated
interventions to elicit meaningful improvements.?26
Flexibility improvements may be achieved through
structured stretching programs performed regularly
throughout the training week. Dynamic stretching
during warm-up and static stretching during cool-down
sessions, performed for 10-15 minutes per session
at least three times per week, may help improve joint
mobility and muscle flexibility. In addition, grip strength
and upper-body strength may benefit from specific
resistance exercises such as pull-ups, farmer’s carries,
medicine ball throws, and handgrip training performed
two to three times per week with progressive overload.
These targeted interventions may complement
football-specific training and help improve physical
components that were not significantly affected in the
present study.

The findings underscore the importance of
consistent and ongoing conditioning for sustaining
physical performance in football. For university athletes,
training frequency often declines during off-season
periods orduringacademic exam schedules, increasing
the risk of detraining. Therefore, implementing maintenance
programs, such as one to two sessions per week focusing
on aerobic intervals and strength maintenance, may
contribute to maintaining performance adaptations.
Periodic assessment and individualized progression
should also be considered as part of a long-term
athlete development strategy. In addition, appropriate
field-based assessments may help coaches and
researchers monitor physical fitness variables in
football players. For example, the 20-m multistage
fitness test is commonly used to estimate aerobic
capacity and requires minimal equipment, making it
suitable for team training environments. Anaerobic
performance can be effectively assessed using the
Running-Based Anaerobic Sprint Test (RAST), which
provides indices of peak power and fatigue. Sprint
tests over short distances (e.g., 30-40 m) are practical
for assessing running speed, while shuttle run tests
provide information on agility and change-of-direction



346 Dejprom P. et al. Journal of Associated Medical Sciences 2026; 59(2): 339-347

ability. Muscular strength can be assessed using
handgrip dynamometry or lower-body resistance
tests, and flexibility may be evaluated using the sit-
and-reach test. These field-based tests offer practical
and accessible tools for monitoring performance
adaptations in football training programs.

Limitations

This study contributes to the understanding of
how structured training programs influence physical
performance in university-level football players. While
short-term improvements were observed following
the training program, the findings highlight the
importance of sustained training efforts to maintain
these adaptations. However, several limitations should
be acknowledged. First, the relatively small sample
size (N=15) may reduce statistical power, as smaller
samples limit the ability to detect small to moderate
effects and increase the risk of Type Il error. A post-hoc
power analysis indicated that statistical power was
acceptable for detecting moderate to large effects;
however, the study may have been underpowered to
detect smaller effects. Therefore, the findings should be
interpreted with caution, particularly for variables that
did not show statistically significant changes. Future
studies with larger sample sizes would allow for more
robust conclusions. Second, the study did not control
several external factors, including dietary intake,
sleep quality, academic demands, and unmonitored
physical activity outside the training program. These
factors are known to influence physical performance,
recovery, and training adaptations in athletes.
However, the present study was conducted under
real-world collegiate training conditions, where strict
control of these lifestyle variables was not feasible.
Future studies may consider monitoring or controlling
these factors to further improve internal validity. This
study demonstrated acceptable internal validity using
standardized training protocols, consistent outcome
measurements, and repeated assessments across
all time points. However, external validity may be
limited due to the relatively small sample size and
the inclusion of participants from a single university
team. Therefore, caution should be exercised when
generalizing the findings to other populations,
particularly professional or elite football players. In
addition, participants were recruited from a single
university football team and represented university-
level amateur athletes with limited formal competition
exposure (approximately one official tournament per
year). Therefore, the findings should be interpreted
primarily within the context of collegiate amateur
football players, and caution should be exercised when
generalizing the results to professional or elite football
populations. Future research should investigate the
minimal effective training dose required to maintain
performance adaptations and explore strategies for
optimizing long-term training sustainability in football
players.

Conclusion

A structured training program combining multiple
exercise modalities over one year significantly improves
VO,max, strength, sprint speed, and anaerobic power
in male football players. However, the cessation
of training leads to a decline in these adaptations.
Incorporating maintenance phases and consistent
long-term planning is crucial to sustaining athletic
performance.
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