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Abstract 
This study investigated the effects of 10 weeks of recreational 
football training on the leg-extensor force-velocity (F-V) profile 
in 55- to 70-year-old adults. Simultaneous effects on functional 
capacity, body composition and endurance exercise capacity were 
examined. Forty participants (age 63.5 ± 3.9 years; 36♂ 4♀) were 
randomized in a football training (FOOT, n = 20) and a control 
(CON, n = 20) group. FOOT performed 45-min to 1-h of football 
training sessions with small-sided games twice a week. Pre- and 
post-intervention assessments were performed. The results re-
vealed a greater increase in maximal velocity (d = 0.62, pint = 
0.043) in FOOT compared to CON. No interaction effects were 
found for maximal power and force (pint > 0.05). 10-m fast walk 
improved more (d = 1.39, pint < 0.001), 3-step stair ascent power 
(d = 0.73, pint = 0.053) and body fat percentage (d = 0.61, pint = 
0.083) tended to improve more in FOOT than in CON. RPE and 
HR values at the highest speed level during a submaximal graded 
treadmill test decreased more in FOOT compared to CON (RPE: 
d = 0.96, pint = 0.005; HR: d = 1.07, pint = 0.004). Both the number 
of accelerations and decelerations as well as the distance spent in 
moderate- and high-speed zones increased markedly throughout 
the 10-week period (p < 0.05). Participants perceived the sessions 
as very enjoyable and feasible. In conclusion, recreational foot-
ball training resulted in improved leg-extensor velocity produc-
tion, which translated to a better performance on functional ca-
pacity tests that rely on a high execution velocity. Simultane-
ously, exercise tolerance was improved and body fat percentage 
tended to reduce. It appears that short-term recreational football 
training can induce broad-spectrum health benefits in 55- to 70-
year-old adults with only 2 hours of training per week. 
 
Key words: Small-sided games; soccer; training load; muscle 
power; force-velocity profile; functional capacity 

 
 
Introduction 
 
Ageing in humans is accompanied by a progressive decline 
in lower-limb muscle power production (Alcazar et al., 
2023). This process starts around 30 years of age with an 
average decline of -0.6%/year and accelerates to -1.1 to -
1.4%/year at middle age (40 - 60 years) and to -2.2 to -2.4% 
at old age (60+ years) (Alcazar et al., 2023). Lower levels 
of muscle power in old age are associated with reduced 
daily life functioning (Kuo et al., 2006), an increased risk 
of  falls  and  fractures (Lee et al., 2017), cognitive impair-
ment (Steves et al., 2016), hospitalization (Losa-Reyna et 

al., 2021), and even mortality (Losa-Reyna et al., 2021). 
While early declines in muscle power are predominantly 
associated with declines in force production, both a decline 
in force and in velocity contribute to the deterioration in 
muscle power at a later age (Alcazar et al., 2023). A de-
tailed analysis of the force-velocity (F-V) relationship 
demonstrated a progressively blunted ability to produce 
force at moderate to high velocities with ageing (Alcazar 
et al., 2023). Therefore, improving muscle power, espe-
cially at moderate to high velocities, is a crucial target for 
exercise interventions in middle-aged and older adults. 

In addition to a decline in musculoskeletal fitness, 
ageing is associated with a reduction in cardiovascular and 
metabolic fitness. More specifically, cardiovascular fitness 
declines with age at a nonlinear rate that accelerates after 
45 years of age (Jackson et al., 2009). Increases in body 
mass index (BMI) and body fat percentage have also been 
reported as a consequence of ageing (Charlier et al., 2016), 
which in turn contribute to an accelerated decline in mus-
culoskeletal and cardiovascular fitness. Therefore, if exer-
cise interventions aim for a high impact on the overall 
health status of middle-aged and older adults, they should 
combine endurance, high-intensity interval training, and 
muscular strengthening activities (Chodzko-Zajko et al., 
2009). 

Recreational football training combines all these 
training components, which implies that it could constitute 
an adequate training modality for participants of all ages 
(Krustrup and Krustrup, 2018). Small-sided games (SSGs) 
have been proposed as a useful training format. SSGs are 
modified games played on reduced pitch areas, often using 
adapted rules and involving a smaller number of players 
than traditional football games (Hill-Haas et al., 2011). 
They require intense muscular actions (Milanovic et al., 
2020) (i.e., external load), such as high-speed runs, shots, 
turns and jumps, and elicit average heart rates (HR) of 
80%-85% of maximal heart rate (HRmax) (Milanovic et 
al., 2015) (i.e., internal load). In older men, 16% - 48% of 
the time in SSGs was spent in a high-intensity zone (>90% 
of HRmax) (Andersen et al., 2014; Randers et al., 2010b). 
Less is known about the external load indicators in this age 
group. In middle-aged men (43 ± 3 years), average distance 
covered during 60min of five a-side SSGs was 3375 - 
3483m, with 37 - 38 number of accelerations (> 2 m s-²), 
35 - 36 number of decelerations (<-2 m s-²), and 68.1 - 71.2 
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m of high-speed runs (> 14.4 km h-1) (Beato et al., 2018). 
More data on training load are needed to better understand  
the physical demands of SSG’s in middle-aged to older 
adults. 

Despite the high training load in SSG’s, ratings of 
perceived exertion are typically lower in comparison with 
other activities, such as running, and incidence of severe 
injuries appears low (Zouhal et al., 2020). Broad-spectrum 
fitness effects of 2x/week recreational football training 
with SSG’s have been documented in untrained healthy 
(older) adults and patient populations, i.e., positive and 
simultaneous effects on different aspects of cardiovascular, 
metabolic and musculoskeletal fitness (Krustrup et al., 
2010; Krustrup and Krustrup, 2018; Milanovic et al., 2019; 
Mohr et al., 2023; Zouhal et al., 2020). In addition, football 
is perceived as highly enjoyable and strengthens social re-
lationships, resulting in positive effects on mental and so-
cial well-being (Krustrup et al., 2010; Krustrup and 
Krustrup, 2018; Ottesen et al., 2010; Zouhal et al., 2020). 

What remains to be investigated in more detail, is 
whether recreational football training can improve muscle 
power production in middle-aged to older adults and 
whether this potential improvement is present across the 
full F-V profile. Although a recent meta-analysis by Mila-
novic et al. (2019) concluded that recreational football 
training is very likely to induce beneficial results on coun-
termovement jump performance, only few studies were 
based on middle-aged and older adults. In addition, it was 
suggested that training periods up to one year are required 
to induce gains in muscle strength and jump performance 
(Randers et al., 2010a; Sundstrup et al., 2016). 

The current study adds to the existing literature on 
short-term adaptations to recreational football training in 
middle-aged to older adults by including a detailed analysis  
of the full F-V profile of the leg-extensor muscles (Alcazar 
et al., 2017). As adaptations to training might be non-uni-
form over the full F-V profile (Rodriguez-Lopez et al., 
2021), such a detailed analysis allows for investigating 
whether changes in muscle power are mainly driven by im- 

provements in force production or movement velocity. 
When power production is only assessed under a single 
loading condition (e.g., during an unloaded countermove-
ment jump) early changes in the F-V profile might be 
missed. Next to a detailed analysis of the leg-extensor F-V 
profile as the primary outcome, simultaneous effects on 
functional capacity, body composition and endurance ex-
ercise capacity were investigated. In addition, the training 
program's feasibility and the physical demands (internal 
and external load indicators) were tracked throughout the 
intervention period. 

 

Methods 
 

Study design 
This study was designed as a randomized controlled trial 
comparing football training to a waiting-list control group 
(see Figure 1). While a 12-week intervention period was 
planned prior to study initiation, we had to shorten this pe-
riod to 10 weeks because of COVID-related restrictions. 
Outcome measurements were obtained at baseline (pre-in-
tervention, April 2021) and within two weeks after the last 
exercise session (post-intervention, July 2021). During the 
intervention period, training load, adherence, drop-outs, 
and adverse events were monitored. The study was con-
ducted at KU Leuven, in collaboration with the local pro-
fessional football club Oud-Heverlee Leuven. It was ap-
proved by the Ethical Committee Research UZ/KU Leuven 
(S64926) in accordance with the Declaration of Helsinki.  
 

Participants, sample size calculation and randomiza-
tion 
Community-dwelling adults aged 55 to 70 years were re-
cruited through advertisements by the football club, which 
were mainly spread to the fan base of the club. Exclusion 
criteria were unstable cardiovascular disease, neurological 
disorders, cognitive malfunctioning (mini-mental state ex-
amination < 24), acute infections or fever, severe musculo-
skeletal problems, and systematic engagement in (re-
sistance) exercise in the 12 months prior to participation.

 
 

 
 

 
 

Figure 1. Design of the study. Pre and post intervention, the following outcomes were evaluated: leg-extensor 
force-velocity profile, functional capacity, body composition, and endurance exercise capacity. In addition, ques-
tionnaires were used to assess baseline health and demographics and satisfaction with the training sessions in 
FOOT.  FOOT = football training group; CON = control group. 
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Eligible subjects were randomly assigned (allocation ratio 
1:1, computer-generated random schedule) to the football 
training group (FOOT) or a waiting-list control group 
(CON) in permuted blocks of two within age strata (55 - 
60, 60 - 65, 65 - 70 years) and within sex. 

An a priori sample size calculation was performed 
in G*power (for ANOVA: repeated measures, within-be-
tween interaction). To detect a medium effect size (i.e., 
partial ƞ² of 0.09) on the primary outcome (i.e., maximal 
leg-extensor power), a total sample size of N = 30 was 
needed (α = 0.05, power = 0.95, correlation among re-
peated measures = 0.6). Considering a potential drop-out 
of 25%, N = 40 participants were recruited for the study. 
Although more people were found eligible to participate, 

COVID-related restrictions did not allow to an increase the 
group size for the training sessions. All participants in 
FOOT were recreationally active. All participants provided 
written informed consent. A flow chart can be found in Fig-
ure 2. 
 
Intervention 
Participants of CON were asked not to change their life-
style during the 10-week intervention period. They were 
given the opportunity to engage in the football training pro-
gram after the end of the study. Participants of FOOT per-
formed 45-min to 1-h training sessions twice a week (Mon-
days and Thursdays) for 10 weeks at the facilities of foot-
ball club Oud-Heverlee Leuven.

 
 

 
 

           Figure 2. Flow chart of the study. 
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All training sessions were supervised by qualified coaches 
and were performed on an artificial football pitch. The ses-
sions consisted of a standardized warming-up with running 
drills and ball exercises, followed by small-sided games (4-
a-side or 5-a-side, pitch size 20 x 30m (for 4 vs 4) or 20 x 
35m (for 5 vs 5), no goalkeeper) that were progressively 
built up in duration, based on prior research in similar pop-
ulations (Andersen et al., 2014; Randers et al., 2010a). 
Week 1 was considered a try-out week so that the coaches 
were able to judge the skills and physical capacity of the 
participants, with 1 x 10min 5-a-side game. Small-sided 
games increased to 2 x 10min in week 2 to 4, 2 x 12.5min 
in week 5 to 7 and 2 x 15min in week 8 to 10, with 3-min 
rest in between. 
 
Outcomes 
Feasibility and training load (internal and external load in-
dicators) were tracked throughout the intervention period. 
Pre and post intervention, the following outcomes were as-
sessed: leg-extensor power and its F-V profile (primary 
outcome), functional capacity, body composition, and en-
durance exercise capacity (secondary outcomes). 
 
Demographics and feasibility 
Demographic variables (education and professional sta-
tus), as well as the presence of chronic conditions, were 
collected by means of a questionnaire. The feasibility of 
the intervention was assessed by the following criteria: ex-
ercise session adherence, number of drop-outs, adverse 
events and satisfaction with the program. Exercise adher-
ence was calculated as the number of training sessions at-
tended over the total number of training sessions (i.e., 20). 
The number and reasons of drop-out were recorded, as well 
as any adverse events during the intervention. Satisfaction 
with the program was evaluated by means of a short ques-
tionnaire completed after the 10-week intervention. This 
survey consisted of three questions and were answered on 
an 11-point Likert scale (ranging from 0 = ‘not at all…’ to 
10 = ‘very…’): (1) How much did you enjoy the training 
program? (2) How feasible was the training program for 
you? (3) How high is the chance that you subscribe to a 
new sequence of training sessions? Participants in CON 
were also asked to answer the third question. If participants 
did not intend to subscribe to additional training sessions, 
they were asked to provide a reason. 
 
Training load 
Training load was analyzed through GPS metrics collected 
using WIMU ProTM devices (RealTrack System, Almeria, 
Spain). Once weekly during the training session (from 
week 2 to 10), participants wore specially designed gar-
ments provided by the manufacturer with a pocket to hold 
the GPS unit between the scapulae and a compatible heart 
rate (HR) band (Garmin International, Inc., Kansas, USA). 
The software SPROTM (RealTrack System, Almeria, 
Spain) was used to extract external and internal load indi-
cators. External load indicators were total distance covered 
(m), meters, and time (in %) in different speed zones (low 
(0-6 km h-1), moderate (6-12 km h-1) and high speed (> 12 
km h-1)), and the number of accelerations (> 2 m s-2) and 
decelerations (< -2 m s-2). Internal load indicators were     

average HR (% HRmax) and time (in %) in different HR 
zones (<70%, 70 - 80%, 80 - 90%, >90% of HRmax). Par-
ticipants’ HRmax was estimated with the formula of Il-
marinen, i.e., HRmax  220 – 0.9 x age . 
 
Leg-extensor F-V profile 
Before the baseline measurement, a familiarization session 
was performed, in which the participants were acquainted 
with the equipment and the test protocol. Force-velocity 
profiling was carried out unilaterally (dominant leg) on a 
pneumatic horizontal leg press device (Leg Press CC, 
HUR, Kokkola, Finland). The inclination of the apparatus 
was 5° to horizontal and the seat was inclined backwards 
(130°). Four built-in load cells register instantaneous force 
at the foot plate, while a built-in potentiometer measures 
displacement, and thus movement velocity, of the seat. 
Prior to all tests, a standardized warm-up and practice trials 
were performed. After a 5-min warm-up on a cycle ergom-
eter at self-selected load, participants performed three sets 
of leg extension movements with 1-min. rest intervals. The 
first set was performed at controlled, slow speed with a 
fixed load of 5 kg for women and 10 kg for men, the second 
set consisted of 10 repetitions at 15% body mass and the 
third set of 6 repetitions at 30% of body mass. In the second 
and third set, the last 2 - 3 repetitions were performed at 
maximal concentric speed. 

The test protocol consisted of a maximal isometric 
test (knee joint angle = 85°, hip angle = 55°; 3 attempts of 
3s), followed by explosive concentric leg extensions at 
gradually increasing loads (unloaded, 15%, 30%, 45%, 
60% of the maximal isometric force, 2 (for 45% and 60%) 
to 3 (for unloaded, 15% and 30%) attempts per load, and 
additional single repetitions until the one-repetition maxi-
mum (1-RM) was reached). Standardized rest periods were 
provided, as described by Alcazar et al. (2017). 

All data were relayed to a pc via an AD converter, 
recorded using Labview and processed offline using 
Matlab. Data (time and position) were sampled at 1000Hz 
and filtered by a fourth-order low-pass Butterworth filter 
with a 70 Hz cut-off frequency. In the explosive concentric 
tests, the mean velocity of all trials was calculated as the 
change in position over time (from the start of the move-
ment until full extension (knee angle 180°), the potential 
flight phase during light loads was discarded). The start of 
the movement was defined as a 1.5% change in position 
compared to the baseline. Mean velocity and the corre-
sponding force of the best trial per load (i.e., highest mean 
velocity value) were used to estimate the individual F-V 
relationship through a linear equation. It should be noted 
that the total system load was calculated (i.e., external load 
+ body mass + weight of seat corrected for inclination) as 
a proxy to force. The ‘unloaded’ test indicates that no ex-
ternal load was added, not that load was zero. If a data point 
deviated from the expected linear regression with more 
than 0.03 m s-1, it was excluded. From the F-V regression 
line, the following variables were extracted: force at zero 
velocity (F0, theoretical maximal isometric force, N), the 
velocity at zero loads (V0, maximal velocity, m/s) and the 
slope divided by F0 (SFV/F0). The latter variable represents 
the decline in force as a function of contraction velocity. 
Maximal muscle power (Pmax, W) was calculated using the  
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following formula:  
 

𝑃𝑚𝑎𝑥
𝐹0 𝑥 𝑉0

4
 

 
On average, 5.0 ± 1.1 data points were used to estimate the 
F-V relationship. Individual R² values of the linear regres-
sion were all higher than 0.98. For an overview and relia-
bility values of the F-V procedure, see Alcazar et al. 
(2017). 
 
Functional capacity 
Functional capacity was assessed by a test battery, consist-
ing of 10-m fast walk, countermovement jump (CMJ), 5-
repetition sit-to-stand (5xSTS) test and a 3-step stair ascent 
test. For the 10-m fast walk, participants were instructed to 
walk as fast as possible, and time (s) were registered 
through timing gates (Racetime2 Light Radio, Microgate, 
IT). A maximal CMJ was performed on a contact mat with 
the hands on the hips and jump height (CMJheight) was 
calculated based on previous procedures(Kennis et al., 
2013). During the 5xSTS and stair ascent test, data were 
collected using a body-fixed sensor positioned at the lower 
back (DynaPort MoveTest, McRoberts, The Hague, NL). 
The sampling rate was 100Hz and data were analyzed us-
ing commercially available software (DynaPort MoveTest, 
McRoberts, The Hague, NL). In the 5xSTS test, partici-
pants performed five sit-to-stand cycles as fast as possible 
with the arms crossed over the chest. From the sensor data, 
the total STS duration (s) (from the start until the fifth 
standing position) was calculated. Mean power (W) was 
calculated for each of the five sit-to-stand transition phases 
and averaged over the five repetitions. In the stair ascent 
test, participants ascended a flight of 3 stairs as fast as pos-
sible without using the handrail. Total stair ascent duration 
(s) and mean power (W) during the rising phase (defined 
as vertical velocity > 0.1 m/s) of each step were calculated. 
The highest mean power out of the three steps was used in 
the analyses. For more information on the procedure, see 
previous work (Van Roie et al., 2019). 

The 10-m fast walk test and 5xSTS were performed 
twice; CMJ and stair ascent were performed three times; 
and the best trial (based on duration parameter or jump 
height) of each test was used in the analyses. 
 
Anthropometry and body composition 
Body height and mass were determined using a stadiometer 
and a digital scale (Seca, GmbH & Co. KG, Germany), re-
spectively. All participants wore minimal clothing and 
were barefoot. Body mass index (BMI) was calculated as 
body mass (kg) divided by squared body height (m). Body 
fat percentage (BF%) was assessed using bio-electrical im-
pedance (BIA) (BODYSTAT® 1500 MDD) according to 
standardized procedures. To calculate whole-body skeletal 
muscle mass (SMM), the BIA equation of Janssen et al. 
(2000) was used. 
 
Endurance exercise capacity 
The endurance exercise capacity of the participants was as-
sessed during a submaximal graded exercise test on a mo-
torized  treadmill  (h/p/cosmos Saturn®,  Nussdorf-Traun- 

stein, Germany) set at a 1% uphill gradient. Initial velocity 
was set at 4 km h-1, followed by increments of 1.5 km h-1 
every three minutes. At the end of each intensity block, a 
capillary blood sample was obtained from a hyperaemic 
earlobe to assess the blood lactate of the participant (Lac-
tate Pro2, Arkray, Japan). The exercise test was stopped 
when participants reached blood lactate values ≥ 4 mM. 
Ratings of perceived exertion (RPE) were assessed at the 
end of each intensity block using a 6 - 20 Borg Scale. Speed 
(x-axis) and corresponding blood lactate (y-axis) data were 
plotted and a polynomial 4th order trend line was drawn to 
estimate the speed at 2 mM and 4 mM lactate values. In 
addition, RPE, HR and lactate values of the common high-
est intensity block, completed in the pre- and post-interven-
tion test, were reported (i.e., values at the same speed level 
in both tests). 
 
Statistical analyses 
Data were presented as mean ± standard deviation (SD) un-
less otherwise stated. Independent samples T-test was used 
to test for baseline differences between groups. To investi-
gate whether external and internal training load indicators 
changed over time, linear mixed-effects models with a ran-
dom factor (participant ID) and time as a repeated factor 
(three time periods: week 2 - 4, week 5 - 7, week 8 - 10) 
were used. 

The intervention effects were tested by linear 
mixed-effects models with a random factor (participant ID) 
and three terms: intervention group (FOOT [code = 1] vs 
CON [code = 2]), time (baseline and post-intervention) and 
time-by-group interaction. Beta coefficients (including 
95% confidence intervals (CI)) of linear mixed-effects 
models and Cohen’s d effect sizes for between-group dif-
ferences in absolute changes from baseline to post-inter-
vention were reported for all variables that showed at least 
a trend towards significance for the time-by-group interac-
tion effect (p < 0.1). Thresholds 0.20, 0.50 and 0.80 were 
used to interpret small, moderate and large effect sizes 
(Cohen, 1992). Post-hoc analyses were conducted for 
within-group changes when the time-by-group interaction 
effect was significant. 

To test the normality assumption for multilevel re-
gression models, we checked whether the models’ residu-
als were normally distributed, both by visual inspection of 
the Q-Q plots and histogram, as well as by Shapiro-Wilk 
tests. If the residuals were non-normally distributed, a log 
or square root transformation was performed and tested on 
normality. When these transformations did not result in 
normality, non-parametric tests were used as alternatives. 
In that case, time effects from baseline to post were ana-
lyzed with Wilcoxon Singed Rank tests. Percent changes 
from baseline to post were calculated and then used in 
Mann-Whitney U tests to determine differences in changes 
between groups.  The following parameters were not nor-
mally distributed: Pmax (log transformed), body mass (non-
parametric tests), stair ascent duration (non-parametric 
tests), average HR for the training session (non-parametric 
tests) and SSG (non-parametric tests), time in HR zone 
<70% HRmax for the training session (square root trans-
formed). 

To  examine  whether  adherence  and training load    
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       Table 1. Means ± SD for baseline characteristics of the subjects. 
Characteristic  FOOT (♂18;♀2) CON (♂18;♀2) p-value 
Age (years)  63.7 ± 4.1 63.2 ± 3.7 0.724 
Body height (cm)  174.0 ± 6.6 175.9 ± 8.3 0.430 
Body mass (kg)  81.8 ± 11.7 81.4 ± 11.6 0.901 
BMI (kg m-²)  27.0 ± 2.9 26.3 ± 2.9 0.453 

Experience with football (n) 
Competitive 13 11  
Recreational 5 4  
None 2 5  

Education (n) 
Primary education 1 1  
Upper secondary education 7 3  
Bachelor’s or master’s degree 12 16  

Professionally active (n) 
Yes 8 9  
No 12 11  

Chronic conditions (n) 

Hypercholesterolemia  2 3  
Hypertension  8 9  
(Rheumatoid) Arthritis 0 2  
Thyroid problems 0 1  
Gastro-intestinal problems 2 1  
Depression 1 0  
Hemochromatosis 1 0  

           p-values of independent samples T-test; BMI = body mass index 

 
affected the training adaptations, Spearman Rank correla-
tion coefficients were calculated between (percent) 
changes in all outcome variables, adherence and training 
load indicators. 

All statistical tests were conducted in R (version 
4.2.1). The multilevel models were fit using the lmer-func-
tion of the lme4 package. The level of significance was set  
at p < 0.05. 
 
Results 
 
Participants’ characteristics are described in Table 1. Only 
one outcome variable showed a baseline difference be-
tween groups: 10-m fast walk was performed at a slower 
pace in FOOT compared to CON (p = 0.034). HR registra-
tion during the endurance exercise capacity test failed in 
two participants of FOOT (one at baseline, one post-inter-
vention), so these data points were missing in the analyses. 
Likewise, we were unable to calculate the post-interven-
tion running speed at 2 mM lactate in one participant in 
FOOT because of a measurement error for lactate. 
Feasibility and adherence 
In total, 5 participants (25%) of FOOT and 2 (10%) of 
CON discontinued participation (Figure 2). One female 
and one male participant in FOOT dropped out after the 
first training session due to personal reasons and recurrent 
Achilles tendinopathy, respectively. The other three male 
drop-outs suffered from a calf muscle strain, caused by the 
training sessions (in week 1, week 3 and week 8, respec-
tively). Minor adverse events during the intervention in-
cluded muscle soreness (n = 6), mild muscle strain in 
calves, quadriceps or hamstrings (n = 4), pain in the knee 
(n = 4) and hip (n = 2), and rib contusion (n = 1). Adherence 
to the program, excluding drop-outs, was 83.7 ± 12.1 %. 
Eleven participants were considered high adherers (≥ 80% 
adherence). All participants in FOOT considered the train-
ing program to be ‘very enjoyable’ (score of 8 - 10 out of 
10) and ‘very feasible’ (score of 7 - 10 out of 10). 70.6% in 
FOOT and 55.6% in CON indicated that they were ‘very 
likely’ (score of 8 - 10 out of 10) to subscribe for a new 

sequence of training sessions, while 17.6% in FOOT and 
22.2% in CON gave a neutral answer (score of 4 - 6 out of 
10) and 11.8% in FOOT and 22.2% in CON indicated that 
they were ‘not likely’ to subscribe (score <4 out of 10). 
Reasons for not willing to subscribe, where lack of time (n 
= 7, mainly because of the job), fear of injury (n = 1) and 
no interest (n = 2). 
 

Training load 
External and internal training load indicators are reported 
in Table 2. The total distance covered during the training 
session increased by 29.2 ± 15.4% from week 2 - 4 to week 
8 - 10 (p < 0.001). The percentage of distance decreased in 
the low-speed run and increased in the high-speed run zone 
from week 2 - 4 to week 8 - 10 (all p < 0.05). The number 
of accelerations (> 2m s-1) and decelerations (< -2m s-1) in-
creased with 41.4 ± 46.8% and 50.8 ± 49.2%, respectively, 
from week 2 - 4 to week 8-10 (all p < 0.001). No time effect 
was found for average HR, or the percentage of time spent 
in the different HR zones. 
 

Leg-extensor F-V profile 
A greater increase in V0 (β = -0.07 [95% CI - 0.130 - -
0.003], d = 0.62, pint = 0.043) and a trend towards a greater 
increase in SFV/F0 (β = -0.04 [95% CI -0.079 - -0.002], d = 
0.50, pint = 0.065, respectively) was apparent in FOOT 
compared to CON. No time-by-group interaction effects 
were found for Pmax (pint = 0.221) nor for F0 (pint = 0.922). 
(Table 3 and Figure 3 and Figure 4). 
 

Functional capacity, body composition and endurance 
exercise capacity 
Performance duration on 10-m fast walk improved signifi-
cantly more in FOOT (-12.4 ± 10.9%) than in CON (1.1 ± 
9.3%) (β = 0.64 [95% CI 0.30 - 0.96], d = 1.39, pint < 
0.001). Moreover, a trend towards a significant time-by-
group interaction effect was found for stair ascent power (β 
= -65.7 [95% CI - 131 - 0.88], d = 0.73, pint = 0.053). No 
time-by-group interaction effect was found for any of the 
other functional capacity outcomes (all pint > 0.05) (Table 
4 and Figure 4). 
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Table 2. Estimated means (SE) for external and internal training load variables, for the total training session and the small-sided games separately in the football training group. 
  Total Session Small-sided games 
Load indicator Mean Week 2-4 Week 5-7 Week 8-10 p-value Mean Week 2-4 Week 5-7 Week 8-10 p-value 

External load 

Distance           
     Total Distance (m) 2935 (71) 2591 (93) 2869 (94) 3360 (94) <0.001 879 (25) 764 (37) 889 (37) 982 (37) <0.001 
         Low-speed run (<6 km h-1) (m) 1974 (38) 1765 (49) 1987 (50) 2198 (50) <0.001 591 (13) 518 (18) 625 (19) 633 (19) 0.002a 
         Mod-speed run (6-12 km h-1) (m) 850 (37) 747 (57) 782 (57) 1010 (57) <0.001 241 (14) 211 (22) 220 (22) 286 (22) <0.001 
         High-speed run (>12 km h-1) (m) 110 (11) 80 (18) 97 (18) 149 (18) <0.001 48 (5) 35 (8) 43 (8) 63 (8) <0.001 
     Low-speed run (<6 km h-1) (%) 67.9 (0.9) 68.8 (1.6) 69.8 (1.6) 66.2 (1.6) 0.005 68.3 (1.3) 69.2 (2.1) 71.1 (2.1) 65.7 (2.1) 0.007 
     Mod-speed run (6-12 km h-1) (%) 28.5 (0.7) 28.3 (1.2) 27.0 (1.2) 29.6 (1.2) 0.043 26.6 (0.9) 26.5 (1.5) 24.3 (1.5) 28.3 (1.5) 0.071 
     High-speed run (>12 km h-1) (%) 3.6 (0.3) 2.9 (0.5) 3.3 (0.5) 4.3 (0.5) <0.001 5.1 (0.4) 4.3 (0.8) 4.6 (0.8) 6.1 (0.8) <0.001 
Accelerations - decelerations           
     Accelerations (>2m s-2) (n) 30.7 (2.1) 27.1 (3.4) 27.3 (3.5) 36.5 (3.5) <0.001 12.1 (0.9) 11.1 (1.6) 11.4 (1.6) 13.2 (1.6) 0.062 
     Decelerations (<-2m s-2) (n) 27.8 (2.1) 23.1 (3.5) 25.9 (3.5) 33.3 (3.5) <0.001 12.6 (0.9) 10.8 (1.6) 12.1 (1.6) 14.2 (1.6) 0.001 

Internal load 

Heart rate           
     Average HR (% HRmax) 78.0 (1.0) 76.9 (1.8) 80.3 (1.8) 78.4 (1.7) 0.625a 85.7 (1.0) 86.8 (1.8) 86.4 (1.8) 85.6 (1.8) 0.194a 
     HR <70% HRmax (% of time) 33.5 (2.7) 34.0 (4.9) 25.1 (4.9) 33.2 (4.8) 0.810 12.1 (1.9) 13.4 (3.2) 8.2 (3.2) 13.5 (3.1) 0.945b 
     HR 70 - 80% HRmax (% of time) 21.5 (9.0) 22.6 (2.3) 22.7 (2.4) 19.2 (2.3) 0.151 16.3 (1.6) 14.9 (2.9) 17.8 (2.9) 14.8 (2.8) 0.964 
     HR 80 - 90% HRmax (% of time) 22.7 (1.3) 19.9 (2.2) 26.2 (2.3) 23.2 (2.2) 0.166 31.1 (2.1) 28.2 (3.7) 33.4 (3.7) 30.7 (3.4) 0.465 
     HR >90% HRmax (% of time) 22.3 (2.3) 23.7 (4.3) 26.0 (4.3) 24.3 (4.2) 0.809 40.5 (3.8) 44.0 (6.6) 41.0 (6.6) 40.9 (6.5) 0.574 

p-values of time effect (week 2-4 vs week 8-10) based on Linear Mixed-Effects Models analyses (significant values in bold); anot normally distributed and non-parametric tests were performed and reported; bnot normally 
distributed and square root transformation was performed for the analyses. For easier interpretation, non-transformed data means were reported for all variables. For the small-sided games (SSG’s): average values for one SSG 
were reported (not a summation of the two SSG’s). HR = heart rate; HRmax = maximal heart rate 
 

Table 3. Estimated means and SE at baseline (pre-) and posttest and % change (±SD) for leg-extensor force-velocity profile 
in the football training (FOOT) and the control (CON) group. 

 FOOT CON 
  Mean SE % Mean SE % Time Time x group 

F0 (N) 
Pre 876 42  827 42    
Post 904 43 3.4 ± 9.2 858 42 4.3 ± 9.3 0.558 0.922 

V0 (m s-1) 
Pre 1.12 0.03  1.13 0.03    
Post 1.22 0.03 7.6 ± 8.7* 1.17 0.03 2.8 ± 6.7 0.003 0.043 

SFV/F0  (%F0 m s-1) 
Pre -0.903 0.025  -0.892 0.025    
Post -0.845 0.027 -6.5 ± 7.4 -0.872 0.026 -2.3 ± 6.4 0.006 0.065 

Pmax (W) 
Pre 249 17  236 17    
Post 284 18 11.0 ± 10.5 251 17 7.0 ± 9.1 0.009b 0.221a 

p-values of Linear Mixed-Effects Models analyses (significant values in bold); * significant within-group change from Pre to Post, anot normally 
distributed and log transformed for the analyses. For easier interpretation, non-transformed data means were reported for all variables. F0 = theoretical 
maximal isometric force; V0 = maximal velocity; SFV/F0 = the slope of the force-velocity relationship relative to F0; Pmax = maximal muscle power 
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Figure 3. Leg-extensor force-velocity (black) and power-velocity (red) profile at baseline (solid line) and post inter-
vention (dashed line) in the football training group (FOOT, left) and the control group (CON, right). Error bars 
were removed to improve visibility of the figure, but can be viewed in Table 3. 

 
 

 
 

Figure 4. Boxplots of percent changes from baseline to post intervention for the football training group (FOOT, black) and the 
control group (CON, grey) for leg-extensor force-velocity variables, functional capacity tests and body fat percentage. P-values 
of time-by-group interaction effects of linear mixed-effects models were added. 
 

Neither body mass nor skeletal muscle mass 
showed a significant time-by-group interaction effect (pint 

> 0.05). Body fat percentage tended to decrease more in 
FOOT compared to CON (β = 0.75 [95% CI -0.10 - 1.59], 
d = 0.61, pint = 0.083) (Table 4 and Figure 4). For RPE and 
HR values at the highest speed level, a greater decrease was 
found in FOOT compared to CON (RPE: β = 1.5 [95% CI 
0.49 - 2.57], d = 0.96, pint = 0.005; HR: β = 10.3 [95% CI 
3.58 - 16.99], d = 1.07, pint = 0.004). In addition, running 
speed at 2mM lactate tended to increase more in FOOT 
compared with CON (β = -0.12 [95% CI -0.25 - -0.001], d 
= 0.66, pint = 0.050) . (Table 5). 
 
Relationship between training adaptations and training 
load 
No clear associations were found between training load and 
adaptations in F-V profile, functional capacity, or body 
composition. The running speed at 4mM lactate increased 

more in participants who experienced a higher increase in 
high-speed run distance (% relative to total distance) (ρ = 
0.518, p = 0.048), in the number of decelerations per SSG 
(ρ = 0.579, p = 0.024) and average HR per SSG (ρ = 0.659, 
p = 0.014) throughout the training sessions. RPE at the 
highest speed level decreased more with a higher increase 
in total distance covered per SSG (ρ = -0.571, p = 0.033). 
 
Discussion 
 
The current study investigated adaptations to a 10-week 
recreational football training program in middle-aged to 
older adults. Throughout the intervention period, the feasi-
bility and physical demands of the program were tracked. 
Compared to a control group, recreational football training 
induced the following effects: 1) leg-extensor gains that 
were non-uniform over the full F-V profile, with moderate  
gains  in  maximal  velocity  but not in maximal force; and
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Table 4. Estimated means and SE at baseline (pre-) and posttest and % change (±SD) for functional capacity and body compo-
sition in the football training (FOOT) and the control (CON) group. 
  FOOT CON   
  Mean SE % Mean SE % Time Time x group 
Functional capacity 

     10m fast walk (s) 
Pre 4.74 0.16  4.24 0.16    
Post 4.12 0.17 -12.4 ± 10.9* 4.26 0.17 1.1 ± 9.3 <0.001 <0.001 

     5xSTS duration (s) 
Pre 8.34 0.21  7.85 0.22    
Post 7.66 0.24 -8.5 ± 11.5 7.44 0.23 -4.2 ± 9.3 0.063 0.382 

     5xSTS power (W) 
Pre 357 16  362 16    
Post 359 17 0.6 ± 11.3 351 17 -1.0 ± 13.4 0.576 0.409 

     Stair ascent duration (s) 
Pre 0.76 0.02  0.77 0.02    
Post 0.72 0.02 -4.9 ± 6.3 0.76 0.02 -0.4 ± 8.5 0.022a 0.184a 

     Stair ascent power (W) 
Pre 878 48  831 48    
Post 907 49 4.5 ± 14.1 793 48 -5.0 ± 10.6 0.085 0.053 

     CMJ jump height (cm) 
Pre 23.4 1.1  22.4 1.1    
Post 24.2 1.2 4.0 ± 8.9 22.1 1.1 -1.3 ± 11.1 0.122 0.138 

Body composition 

     Body mass (kg) 
Pre 81.8 2.6  81.4 2.6    
Post 81.6 2.6 -0.3 ± 2.0 81.2 2.6 -0.2 ± 2.5 0.172 a 0.929a 

     Body fat (%) 
Pre 26.3 1.1  25.4 1.1    
Post 25.1 1.1 -1.2 ± 1.2 25.0 1.1 -0.4 ± 1.2 0.007 0.083 

     Skeletal muscle mass (kg) 
Pre 30.5 1.1  30.7 1.1    
Post 31.5 1.1 3.4 ± 3.1 31.2 1.1 1.7 ± 4.2 0.024 0.225 

p-values of Linear Mixed-Effects Models analyses (significant values in bold); * significant within-group change from Pre to Post, anot normally 
distributed and non-parametric tests were performed and reported. For easier interpretation, non-transformed data means were reported for all variables. 
STS = sit-to-stand; CMJ = countermovement jump. 
 
Table 5. Estimated means and SE at baseline (pre-) and posttest and absolute change (±SD) for endurance exercise capacity in 
the football training (FOOT) and the control (CON) group. 
  FOOT CON   
  Mean SE Change Mean SE Change Time Time x group 

Speed at 2 mM lactate (km h-1) 
Pre 6.09 0.31  6.51 0.28    
Post 7.26 0.32 1.17 ± 1.27 6.85 0.28 0.34 ± 1.24 0.006a 0.050a 

Speed at 4 mM lactate (km h-1) 
Pre 8.15 0.43  8.52 0.40    
Post 9.25 0.43 1.10 ± 0.48 9.26 0.40 0.74 ± 1.06 0.004 0.214 

RPE 
Pre 15.3 0.5  14.7 0.5    
Post 13.4 0.5 -1.7 ± 1.0* 14.3 0.5 -0.3 ± 1.8 <0.001 0.005 

Heart rate (bpm) 
Pre 155 3.2  149 2.9    
Post 139 3.2 -14.6 ± 6.7* 144 2.9 -4.9 ± 10.8* <0.001 0.004 

Lactate (mM) 
Pre 5.49 0.38  5.51 0.35    
Post 3.50 0.38 -1.99 ± 1.16 4.12 0.35 -1.38 ± 1.87 0.001a 0.142a 

p-values of Linear Mixed-Effects Models analyses (significant values in bold); * significant within-group change from Pre to Post, anot normally 
distributed and log transformed for the analyses. For easier interpretation, non-transformed data means were reported for all variables. RPE = rating of 
perceived exertion. RPE, heart rate and lactate values of the common highest intensity block, completed in the pre- as well as post-intervention test 
were reported (i.e., values at the same speed level in both tests). 
 
2) simultaneous improvements in musculoskeletal fitness 
(V0, walking speed, stair-climbing performance) and car-
diovascular fitness (endurance exercise capacity), and a 
trend towards improved metabolic fitness (fat percentage). 
The training sessions, in particular the SSG’s, elicited in-
tense muscular actions and both the number of accelera-
tions and decelerations, as well as the distance spent in 
moderate- and high-speed zones, increased markedly 
throughout the 10-week period. High average heart rates of 
85.7% of HRmax were reached during the SSG’s. Despite 
the high external and internal load, participants perceived 
the training sessions as very enjoyable and feasible. These 
results indicate that recreational football with SSG’s is a 
feasible training tool to induce broad-spectrum health ben-
efits in middle-aged to older adults. 

Lower-limb muscle power is a key component in 
activities of daily living (Kuo et al., 2006). To improve 
muscle power, international guidelines have recommended 
to perform resistance exercises, with a specific focus on 

performing the concentric phase of the movement as fast 
as possible (Fragala et al., 2019). However, many older 
adults are reluctant to initiate an exercise program in a tra-
ditional fitness center. As a result, the number of older 
adults that engage in these types of exercise programs is 
limited. Recreational football training with SSG’s might be 
a valuable alternative, given that intense muscular actions 
are required (Milanovic et al., 2020), which were hypothe-
sized to induce gains in muscle strength and power. 

Contrary to these expectations, the current study did 
not find a larger improvement in F0 (+3.4% vs +4.3%), Pmax 
(+11.0% vs +7.0%), nor in CMJ jump height (+4.0% vs -
1.3%) in FOOT compared to CON, which is in line with 
the previous suggestion that longer training periods (i.e., 
up to 12 months) might be needed to induce gains in lower-
limb strength and power (Randers et al., 2010a; Sundstrup 
et al., 2016). However, adaptations to exercise are typically 
velocity-specific (Lopez et al., 2022; Rodriguez-Lopez et 
al., 2021). Therefore, we assessed the full F-V profile         
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instead of a single loading condition. A greater improve-
ment in maximal velocity of the leg-extensor muscles was 
found in FOOT compared to CON (moderate effect size). 
The slope of the F-V curve relative to F0 also tended to 
change in FOOT, which was less steep at post-intervention 
compared to baseline (see Figure 3, moderate effect size). 
Even though this change was not significantly different 
from CON, it might be an important benefit to be obtained 
from recreational football, considering that ageing results 
in a more compromised muscle function when the required 
movement velocity increases (Alcazar et al., 2023). Studies 
in larger samples are needed to replicate these findings. 

In line with the change in maximal velocity of the 
leg-extensor muscles, larger gains in FOOT compared to 
CON were found for functional capacity tests that rely on 
high execution velocities, such as 10-m fast walk (large ef-
fect size) and 3-step stair ascent (moderate effect size, trend 
towards significance). Changes in V0 were highly related 
to changes in 10-m fast walk in FOOT (ρ = -0.732, p = 
0.003, data not shown in the results). Combined with re-
sults from previous studies in older (male) adults, it seems 
that recreational football training can induce gains in func-
tional capacity tests with either a high execution velocity 
(e.g., fast walking, stair climbing (Sundstrup et al., 2016), 
TUG (Duncan et al., 2022)) or an endurance component 
(e.g., 6-minute walk test (Duncan et al., 2022), 30s chair 
stand test (Andersen et al., 2014; Duncan et al., 2022; 
Sundstrup et al., 2016)). 

Next to the changes in musculoskeletal fitness, the 
current study also investigated changes in metabolic and 
cardiovascular fitness after recreational football training. 
More specifically, body composition and endurance exer-
cise capacity were assessed using BIA and a submaximal 
graded exercise test, respectively. The results showed that 
a short intervention period of 10 weeks tended to reduce 
body fat percentage in middle-aged to older adults (moder-
ate effect size). This is in line with previous studies (Bjerre 
et al., 2019; Duncan et al., 2022; Skoradal et al., 2018) and 
review papers (Bangsbo et al., 2015; Mohr et al., 2023), 
which concluded that regular recreational football training 
lowers body fat percentage in untrained (older) adults. In 
addition, recreational football can induce large improve-
ments in maximal oxygen uptake, regardless of age, sex 
and health status of the participants (for a review, see Mi-
lanovic et al. (2015)). Although we did not find a signifi-
cant difference between FOOT and CON in running speed 
at 2mM or 4mM lactate, the decrease in heart rate and RPE 
at the highest intensity block of the exercise test is indica-
tive of an enhanced exercise tolerance in FOOT (large ef-
fect size). 

An important consideration in recreational football 
training is the physical loading that the players’ experience 
and its potential risk for injury. Therefore, we closely mon-
itored external and internal loads and documented all inju-
ries throughout the training period. SSG’s were progres-
sively built up in duration and the number of players (4vs4, 
5vs5) were chosen to specifically target power-related 
football actions (Rebelo et al., 2016). In line with the pro-
gressive increase in duration of the SSG’s (i.e., from 2 x 
10min to 2 x 15min), total distance per SSG increased from 
764m to 982m, with an increasing amount of time spent in 

the moderate- and high-speed zone (from 26.5% to 28.3% 
and from 4.3% to 6.1%, respectively) and an increasing 
number of accelerations and decelerations (from 11.1 to 
13.2 and from 10.8 to 14.2). Although external load grad-
ually increased, internal load did not change throughout the 
intervention period, with an average HR of 85.7% of 
HRmax and 40.5% of time spent in a high-intensity zone 
(>90% of HRmax). This is in line with our finding of im-
proved exercise tolerance during the submaximal treadmill 
test. Our results also indicate that the increase in training 
load throughout the intervention period is related to im-
proved endurance exercise capacity, stressing the added 
value of load monitoring during training sessions. 

Internal load indicators are in line with previous lit-
erature in middle-aged to older adults, indicating average 
HR of 80-85% in SSG’s (Beato et al., 2018) and up to 48% 
of time spent in a high-intensity zone (>90% HRmax) 
(Randers et al., 2010b). It is difficult to compare external 
training load with previous studies given the methodologi-
cal differences, such as age and health status of the study 
sample, duration of SSG’s, pitch size, number of players in 
SSG’s, and definition of high-speed run or accelera-
tions/decelerations. Beato et al. (2018) reported external 
training load indicators in middle-aged men (43 ± 3 years) 
playing SSG’s 5-a-side for 60min on a pitch size of 36 x 
18.5m. In week 8-10 of the current study, the total session 
duration was around 60min, and similar external load indi-
cators were found when compared to Beato et al. (2018), 
i.e., total distance (3360m vs 3375 - 3483m), number of 
accelerations > 2 m s-2 (36.5 vs 37 - 38) and number of 
decelerations <-2 m s-2 (33.3 vs 35 - 36). Uth et al.(Uth et 
al., 2016) reported slightly lower distances covered during 
SSG’s of 15min (839 – 916.5m vs 982m) and a similar 
number of accelerations and decelerations, albeit per-
formed at a lower intensity (>1.4 m s-2 vs >2 m s-2), in men 
with prostate cancer compared to the current study. Over-
all, we can conclude that recreational football training with 
SSG’s is a highly intense and intermittent activity, with nu-
merous high-speed runs, accelerations and decelerations. 

It could be questioned whether these high physical 
loadings also imply a high risk for injury. In the current 
study, the following minor adverse events, which did not 
result in missed participation time, were reported: mild 
muscle soreness (n = 6), knee pain (n = 4), hip pain (n = 2), 
and rib contusion (n = 1). Eight injuries were recorded in 
20 participants, of which 4 resulted in drop-out (1 Achilles 
tendinopathy, 3 calf muscle strain). The other 4 injuries 
were mild muscle strains (calf, hamstrings, quadriceps), 
which resulted in a missed participation time of 1 to 7 ses-
sions. All injuries could be grouped according to their se-
verity as mild to moderate (Fuller, 2006). Overall injury 
incidence per 1000 player-hours was 27, which is similar 
to the injury report by Duncan et al. in a sample of older 
men (60 - 80 years) during a 12-week recreational football 
training intervention (Duncan et al., 2022). Nevertheless, it 
is higher than previous estimations of injury incidence in 
football in a Finnish cohort (15 - 74 years), namely 7.8 per 
1000 player-hours (Parkkari et al., 2004). From a public 
health perspective, the health benefits due to participation 
in football have to be balanced with the possible health 
risks involved. Previously untrained women and men may 
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be exposed to an increased risk of injuries, albeit mostly 
minor ones (Oja et al., 2015). This suggests that effective 
injury prevention measures should be built in as an integral 
part of the intervention programs (Oja et al., 2015). To 
note, most injuries occur in the initial phase of a training 
period, so the incidence rate of injuries would probably be 
lower if longer training periods are included. 

Although the risk for injuries was increased, all par-
ticipants in FOOT, including two of the five drop-outs, ex-
perienced the training sessions as very enjoyable and very 
feasible. Data of the three other drop-outs were unavaila-
ble, but those individuals already dropped out after the first 
week and would not have been able to properly score the 
training sessions. Even though we have previously shown 
that participants in a resistance exercise intervention also 
indicated to enjoy the exercise (Van Roie et al., 2015), the 
social connectedness and cohesion that is more present in 
interactive team sports compared to resistance training 
might result in higher intrinsic motivation (Pedersen et al., 
2017). 70.6% in FOOT and 55.6% in CON indicated their 
willingness to engage in a new sequence of training ses-
sions. The most important barrier to engagement was lack 
of time, mainly because of job obligations (as training ses-
sions were performed in the afternoon, during regular of-
fice hours). As we have previously shown that the intention 
to continue with an exercise intervention after the end of 
an RCT is not synonymous with the actual behavior (Van 
Roie et al., 2015), further research is necessary to investi-
gate long-term adherence. 

We acknowledge a selection bias in the recruitment 
strategy, as the recruitment was initiated by the local foot-
ball club and mainly directed to the fan base of the club. 
Therefore, the study sample was not representative for the 
overall population of people aged between 55 and 70 years. 
Most of the participants were previous football players, 
who are certainly more intrinsically motivated to play foot-
ball than individuals who have never played football. This 
may also have influenced the risk for injury, as former 
players immediately want to play at the intensity level that 
they used to play when they were younger. As such, the 
coaches had to slow down the participants in their enthusi-
asm to perform at a high level, instead of motivating them. 

Apart from the recruitment strategy, the following 
limitations of the study should be acknowledged. Firstly, 
the intervention period had to be shortened because of 
COVID-related restrictions. More specifically, kick-off 
date of the training sessions had to be postponed by two 
weeks, because training in groups of more than four people 
was not allowed. This may have resulted in smaller overall 
effects. Future research should investigate the long-term 
effects of such intervention on health benefits while track-
ing adherence to the program and injuries. Secondly, the 
sample size in this study might be considered small, alt-
hough it was similar to previous reports on recreational 
football training in middle-aged to older adults (Andersen 
et al., 2014; Duncan et al., 2022). 

 

Conclusion 
 
A 10-week recreational football training program with 
SSG’s in middle-aged to older adults resulted in improved 
leg-extensor velocity production, which translated into    

better performance on functional capacity tests that rely on 
high execution velocity, such as fast walking and stair 
climbing. A simultaneous improvement in endurance exer-
cise capacity and a trend towards a decrease in body fat 
percentage were found. Although training intensity was 
high and the incidence of muscle strains was substantial, 
all participants experienced the training sessions as very 
enjoyable and feasible. Future studies need to address the 
question whether these findings lead to a high adherence 
rate in the long term.  

 
Acknowledgements  
E. Van Roie was supported by the Research Foundation Flanders, Bel-
gium (senior postdoctoral fellowship 12Z5720N). The authors would like 
to thank football club Oud-Heverlee Leuven for the assistance in recruit-
ment and for the use of the training facilities, Dr. Stef Van Puyenbroeck 
for his assistance in the statistical analyses, Lien Meulemans for her as-
sistance in data collection and Victor Spiritus-Beerden, Dries Stessens 
and Robbe Vandervondelen for their assistance in supervising the training 
sessions. The experiments comply with the current laws of the country in 
which they were performed. The authors have no conflicts of interest to 
declare. The datasets generated and analyzed during the current study are 
not publicly available, but are available from the corresponding author 
who was an organizer of the study. 
 

References  
 
Alcazar, J., Rodriguez-Lopez, C., Ara, I., Alfaro-Acha, A., Manas-Bote, 

A., Guadalupe-Grau, A., Garcia-Garcia, F.J. and Alegre, L.M. 
(2017) The Force-Velocity Relationship in Older People: 
Reliability and Validity of a Systematic Procedure. International 
Journal of Sports Medicine 38, 1097-1104. 
https://doi.org/10.1055/s-0043-119880. 

Alcazar, J., Rodriguez-Lopez, C., Delecluse, C., Thomis, M. and Van 
Roie, E. (2023) Ten-year longitudinal changes in muscle power, 
force, and velocity in young, middle-aged, and older adults. 
Journal of Cachexia, Sarcopenia and Muscle  14(2), 1019-1032.  
https://doi.org/10.1002/jcsm.13184. 

Andersen, T.R., Schmidt, J.F., Nielsen, J.J., Randers, M.B., Sundstrup, 
E., Jakobsen, M.D., Andersen, L.L., Suetta, C., Aagaard, P., 
Bangsbo, J. and Krustrup, P. (2014) Effect of football or strength 
training on functional ability and physical performance in 
untrained old men. Scandinavian Journal of Medicine & Science 
in Sports 24 Suppl 1, 76-85.  
https://doi.org/10.1111/sms.12245. 

Bangsbo, J., Hansen, P.R., Dvorak, J. and Krustrup, P. (2015) 
Recreational football for disease prevention and treatment in 
untrained men: a narrative review examining cardiovascular 
health, lipid profile, body composition, muscle strength and 
functional capacity. British Journal of Sports Medicine 49, 568-
576. https://doi.org/10.1136/bjsports-2015-094781. 

Beato, M., Jamil, M. and Devereux, G. (2018) Reliability of internal and 
external load parameters in recreational football (soccer) for 
health. Research in Sports Medicine 26, 244-250.  
https://doi.org/10.1080/15438627.2018.1431532. 

Bjerre, E.D., Petersen, T.H., Jorgensen, A.B., Johansen, C., Krustrup, P., 
Langdahl, B., Poulsen, M.H., Madsen, S.S., Ostergren, P.B., 
Borre, M., Rorth, M., Brasso, K. and Midtgaard, J. (2019) 
Community-based football in men with prostate cancer: 1-year 
follow-up on a pragmatic, multicentre randomised controlled 
trial. Plos Medicine 16, e1002936.  
https://doi.org/10.1371/journal.pmed.1002936. 

Charlier, R., Knaeps, S., Mertens, E., Van Roie, E., Delecluse, C., 
Lefevre, J. and Thomis, M. (2016) Age-related decline in muscle 
mass and muscle function in Flemish Caucasians: a ten-year 
follow-up. Age 38, 36.  
https://doi.org/10.1007/s11357-016-9900-7. 

Chodzko-Zajko, W.J., Proctor, D.N., Fiatarone Singh, M.A., Minson, 
C.T., Nigg, C.R., Salem, G.J. and Skinner, J.S. (2009) American 
College of Sports Medicine position stand. Exercise and physical 
activity for older adults. Medicine & Science in Sports and 
Exercise 41, 1510-1530.  
https://doi.org/10.1249/MSS.0b013e3181a0c95c 

Cohen, J. (1992) A power primer. Psychol Bull 112, 155-159.  



Football training and leg-extensor power 
 

 

 

356 

https://doi.org/10.1037//0033-2909.112.1.155. 
Duncan, M.J., Mowle, S., Noon, M., Eyre, E., Clarke, N.D., Hill, M., 

Tallis, J. and Julin, M. (2022) The Effect of 12-Weeks 
Recreational Football (Soccer) for Health Intervention on 
Functional Movement in Older Adults. International Journal of 
Environmental Research and Public Health 19, 13625. 
https://doi.org/10.3390/ijerph192013625. 

Fragala, M.S., Cadore, E.L., Dorgo, S., Izquierdo, M., Kraemer, W.J., 
Peterson, M.D. and Ryan, E.D. (2019) Resistance Training for 
Older Adults: Position Statement From the National Strength and 
Conditioning Association. Journal of Strength and Conditioning 
Research 33, 2019-2052.  
https://doi.org/10.1519/JSC.0000000000003230. 

Fuller, C.W. (2006) Consensus statement on injury definitions and data 
collection procedures in studies of football (soccer) injuries. 
British Journal of Sports Medicine 40, 193-201.  
https://doi.org/10.1136/bjsm.2005.025270. 

Hill-Haas, S.V., Dawson, B., Impellizzeri, F.M. and Coutts, A.J. (2011) 
Physiology of small-sided games training in football: a 
systematic review. Sports Medicine 41, 199-220.  
https://doi.org/10.2165/11539740-000000000-00000. 

Jackson, A.S., Sui, X., Hebert, J.R., Church, T.S. and Blair, S.N. (2009) 
Role of lifestyle and aging on the longitudinal change in 
cardiorespiratory fitness. Archives of Internal Medicine 169, 
1781-1787. https://doi.org/10.1001/archinternmed.2009.312. 

Janssen, I., Heymsfield, S.B., Wang, Z.M. and Ross, R. (2000) Skeletal 
muscle mass and distribution in 468 men and women aged 18-88 
yr. Journal of Applied Physiology 89, 81-88.  
https://doi.org/10.1152/jappl.2000.89.1.81  

Kennis, E., Verschueren, S.M., Bogaerts, A., Coudyzer, W., Boonen, S. 
and Delecluse, C. (2013) Effects of fitness and vibration training 
on muscle quality: a 1-year postintervention follow-up in older 
men. Archives of Physical Medicine and Rehabilitation 94, 910-
918. https://doi.org/10.1016/j.apmr.2012.12.005. 

Krustrup, P., Aagaard, P., Nybo, L., Petersen, J., Mohr, M. and Bangsbo, 
J. (2010) Recreational football as a health promoting activity: a 
topical review. Scandinavian Journal of Medicine & Science in 
Sports 20 Suppl 1, 1-13.  
https://doi.org/10.1111/j.1600-0838.2010.01108.x. 

Krustrup, P. and Krustrup, B.R. (2018) Football is medicine: it is time for 
patients to play! British Journal of Sports Medicine 52, 1412-
1414. https://doi.org/10.1136/bjsports-2018-099377. 

Kuo, H.K., Leveille, S.G., Yen, C.J., Chai, H.M., Chang, C.H., Yeh, Y.C., 
Yu, Y.H. and Bean, J.F. (2006) Exploring how peak leg power 
and usual gait speed are linked to late-life disability: data from 
the National Health and Nutrition Examination Survey 
(NHANES), 1999-2002. American Journal of Physical Medicine 
& Rehabilitation 85, 650-658.  
https://doi.org/10.1097/01.phm.0000228527.34158.ed. 

Lee, E.Y., Lee, S.J., Kim, K.M., Seo, D.H., Lee, S.W., Choi, H.S., Kim, 
H.C., Youm, Y., Kim, C.O. and Rhee, Y. (2017) Lower Jump 
Power Rather Than Muscle Mass Itself is Associated with 
Vertebral Fracture in Community-Dwelling Elderly Korean 
Women. Calcified Tissue International 100, 585-594.  
https://doi.org/10.1007/s00223-017-0239-6. 

Lopez, P., Rech, A., Petropoulou, M., Newton, R.U., Taaffe, D.R., 
Galvão, D.A., Turella, D.J.P., Freitas, S.R. and Radaelli, R. 
(2022) Does high-velocity resistance exercise elicit greater 
physical function benefits than traditional resistance exercise in 
older adults? A systematic review and network meta-analysis of 
79 trials. The Journals of Gerontololgy. Series A, Biological 
Sciences and Medical Sciences.  
https://doi.org/10.1093/gerona/glac230. 

Losa-Reyna, J., Alcazar, J., Carnicero, J., Alfaro-Acha, A., Castillo-
Gallego, C., Rosado-Artalejo, C., Rodriguez-Manas, L., Ara, I. 
and Garcia-Garcia, F.J. (2021) Impact of relative muscle power 
on hospitalization and all-cause mortality in older adults. The 
Journals of Gerontololgy. Series A, Biological Sciences and 
Medical Sciences. 77(4), 781-789.  
https://doi.org/10.1093/gerona/glab230. 

Milanovic, Z., Pantelic, S., Covic, N., Sporis, G. and Krustrup, P. (2015) 
Is Recreational Soccer Effective for Improving VO2max A 
Systematic Review and Meta-Analysis. Sports Medicine 45, 
1339-1353. https://doi.org/10.1007/s40279-015-0361-4. 

Milanovic, Z., Pantelic, S., Covic, N., Sporis, G., Mohr, M. and Krustrup, 
P. (2019) Broad-spectrum physical fitness benefits of 
recreational football: a systematic review and meta-analysis. 

British Journal of Sports Medicine 53, 926-939. 
https://doi.org/10.1136/bjsports-2017-097885. 

Milanovic, Z., Rada, A., Erceg, M., Trajkovic, N., Stojanovic, E., Lesnik, 
B., Krustrup, P. and Randers, M.B. (2020) Reproducibility of 
Internal and External Training Load During Recreational Small-
Sided Football Games. Research Quarterly for Exercise and 
Sport 91, 676-681.  
https://doi.org/10.1080/02701367.2019.1697794. 

Mohr, M., Fatouros, I.G., Asghar, M., Buono, P., Nassis, G.P. and 
Krustrup, P. (2023) Football training as a non-pharmacological 
treatment of the global aging population-A topical review. Front 
Aging 4, 1146058. https://doi.org/10.3389/fragi.2023.1146058. 

Oja, P., Titze, S., Kokko, S., Kujala, U.M., Heinonen, A., Kelly, P., Koski, 
P. and Foster, C. (2015) Health benefits of different sport 
disciplines for adults: systematic review of observational and 
intervention studies with meta-analysis. British Journal of Sports 
Medicine 49, 434-440. https://doi.org/10.1136/bjsports-2014-
093885. 

Ottesen, L., Jeppesen, R.S. and Krustrup, B.R. (2010) The development 
of social capital through football and running: studying an 
intervention program for inactive women. Scandinavian Journal 
of Medicine & Science in Sports 20 Suppl 1, 118-131.  
https://doi.org/10.1111/j.1600-0838.2010.01123.x. 

Parkkari, J., Kannus, P., Natri, A., Lapinleimu, I., Palvanen, M., 
Heiskanen, M., Vuori, I. and Järvinen, M. (2004) Active living 
and injury risk. International Journal of Sports Medicine 25, 
209-216. https://doi.org/10.1055/s-2004-819935. 

Pedersen, M.T., Vorup, J., Nistrup, A., Wikman, J.M., Alstrom, J.M., 
Melcher, P.S., Pfister, G.U. and Bangsbo, J. (2017) Effect of 
team sports and resistance training on physical function, quality 
of life, and motivation in older adults. Scandinavian Journal of 
Medicine & Science in Sports 27, 852-864. 
https://doi.org/10.1111/sms.12823. 

Randers, M.B., Nielsen, J.J., Krustrup, B.R., Sundstrup, E., Jakobsen, 
M.D., Nybo, L., Dvorak, J., Bangsbo, J. and Krustrup, P. (2010a) 
Positive performance and health effects of a football training 
program over 12 weeks can be maintained over a 1-year period 
with reduced training frequency. Scandinavian Journal of 
Medicine & Science in Sports 20 Suppl 1, 80-89.  
https://doi.org/10.1111/j.1600-0838.2010.01091.x. 

Randers, M.B., Nybo, L., Petersen, J., Nielsen, J.J., Christiansen, L., 
Bendiksen, M., Brito, J., Bangsbo, J. and Krustrup, P. (2010b) 
Activity profile and physiological response to football training 
for untrained males and females, elderly and youngsters: 
influence of the number of players. Scandinavian Journal of 
Medicine & Science in Sports 20 Suppl 1, 14-23.  
https://doi.org/10.1111/j.1600-0838.2010.01069.x. 

Rebelo, A.N., Silva, P., Rago, V., Barreira, D. and Krustrup, P. (2016) 
Differences in strength and speed demands between 4v4 and 8v8 
small-sided football games. Journal of Sports Sciences 34, 2246-
2254. https://doi.org/10.1080/02640414.2016.1194527. 

Rodriguez-Lopez, C., Alcazar, J., Sanchez-Martin, C., Baltasar-
Fernandez, I., Ara, I., Csapo, R. and Alegre, L.M. (2021) 
Neuromuscular adaptations after 12 weeks of light- vs. heavy-
load power-oriented resistance training in older adults. 
Scandinavian Journal of Medicine & Science in Sports  32, 324-
337. https://doi.org/10.1111/sms.14073. 

Skoradal, M.B., Weihe, P., Patursson, P., Mortensen, J., Connolly, L., 
Krustrup, P. and Mohr, M. (2018) Football training improves 
metabolic and cardiovascular health status in 55- to 70-year-old 
women and men with prediabetes. Scandinavian Journal of 
Medicine & Science in Sports 28 Suppl 1, 42-51. 
https://doi.org/10.1111/sms.13081. 

Steves, C.J., Mehta, M.M., Jackson, S.H. and Spector, T.D. (2016) 
Kicking Back Cognitive Ageing: Leg Power Predicts Cognitive 
Ageing after Ten Years in Older Female Twins. Gerontology 62, 
138-149. https://doi.org/10.1159/000441029. 

Sundstrup, E., Jakobsen, M.D., Andersen, L.L., Andersen, T.R., Randers, 
M.B., Helge, J.W., Suetta, C., Schmidt, J.F., Bangsbo, J., 
Krustrup, P. and Aagaard, P. (2016) Positive effects of 1-year 
football and strength training on mechanical muscle function and 
functional capacity in elderly men. European Journal of Applied 
Physiology 116, 1127-1138. https://doi.org/10.1007/s00421-
016-3368-0. 

Uth, J., Hornstrup, T., Christensen, J.F., Christensen, K.B., Jorgensen, 
N.R., Helge, E.W., Schmidt, J.F., Brasso, K., Helge, J.W., 
Jakobsen, M.D., Andersen, L.L., Rorth, M., Midtgaard, J. and 



Poffé et al. 

 
 

 

357

Krustrup, P. (2016) Football training in men with prostate cancer 
undergoing androgen deprivation therapy: activity profile and 
short-term skeletal and postural balance adaptations. European 
Journal of Applied Physiology 116, 471-480.  
https://doi.org/10.1007/s00421-015-3301-y. 

Van Roie, E., Bautmans, I., Coudyzer, W., Boen, F. and Delecluse, C. 
(2015) Low- and high-resistance exercise: long-term adherence 
and motivation among older adults. Gerontology 61, 551-560.  
https://doi.org/10.1159/000381473. 

Van Roie, E., Van Driessche, S., Huijben, B., Baggen, R., van Lummel, 
R.C. and Delecluse, C. (2019) A body-fixed-sensor-based 
analysis of stair ascent and sit-to-stand to detect age-related 
differences in leg-extensor power. Plos One 14, e0210653.  
https://doi.org/10.1371/journal.pone.0210653. 

Zouhal, H., Hammami, A., Tijani, J.M., Jayavel, A., de Sousa, M., 
Krustrup, P., Sghaeir, Z., Granacher, U. and Ben Abderrahman, 
A. (2020) Effects of Small-Sided Soccer Games on Physical 
Fitness, Physiological Responses, and Health Indices in 
Untrained Individuals and Clinical Populations: A Systematic 
Review. Sports Medicine 50, 987-1007.  
https://doi.org/10.1007/s40279-019-01256-w. 

 

 
Key points 
 
 A 10-week recreational football training program with 

small-sided games improved leg-extensor velocity produc-
tion in 55- to 70-year old adults, which translated into better 
performance on functional capacity tests that rely on high 
execution velocity, such as fast walking and stair climbing. 

 External load of the training sessions (i.e., distance, high-
speed runs, number of accelerations and decelerations) 
gradually increased throughout the training program with-
out changes in average HR, which indicates improved exer-
cise tolerance. This is in line with the lower RPE and HR 
values in the submaximal graded exercise test. 

 Despite the high training intensity, participants experienced 
the training sessions as very enjoyable and feasible.  
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