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Abstract

Purpose Functional training to improve athletes'technical performance and movement quality is becoming
increasingly popular, but few studies have focused on young tennis players. The aims of this study were to compare
the effects of 12 weeks of functional training on skilled youth male tennis players'skill performance and movement
quality.

Methods Forty skilled youth male tennis players were assigned to the functional training group (n=20) or the
control training group (n=20). The control group received a traditional resistance training program by their coach,
whereas the functional training group was given Santana’s Racket Sports Program. Each group received 60-minute
training sessions three times per week for 12 weeks. At baseline (T0), after six weeks (T6), and after 12 weeks (T12),
the participants’skill performance was measured according to the International Tennis Federation’s protocol, and
movement quality was measured according to the functional movement screening assessment recommended by
Gray Cook. The data were analyzed via a generalized estimation equation model.

Results The results revealed that there were no significant differences in skill performance or movement quality
between the groups at baseline (p>0.05), but there were significant differences in those variables between the
groups after 6 weeks of the intervention and 12 weeks of the intervention (p <0.05).

Conclusion These results indicate that the functional training model seems to be more effective than the traditional
resistance training model in terms of increasing athletic skill performance and movement quality. The inclusion of
functional training as part of an athlete’s training routine is highly recommended, as it has proven to be an effective
method for improving skill performance and movement quality.

Trial Registration ISRCTN67565717, registered 26/07/2024, retrospectively registered.
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Introduction

Tennis performance in sports results from the interac-
tion of multiple factors [1], and tennis match results are
determined by scoring from the player’s attack and oppo-
nent’s errors [2]. A player’s skill or technical engagement
in individual tennis bouts (training or match play) has
been described through stroke rates (shots hit per minute
of play), rally lengths, stroke frequency and stroke loca-
tion [3, 4]; the ability to master of all these skills by tennis
players is one of the factors that enhance their competi-
tive ability, because athletes must adjust and combine the
skills they master to perform their best in a game [5]. The
most critical and the only thing that is determined by the
player in tennis is the contact point when hitting the ball,
which helps the players to control the return shot when
hitting the opponent’s ball so that it lands in the best
position. The most critical factors that affect the contact
point are the athlete’s anticipation of the opponent’s shot
and their mobility on the tennis court. Athletes need to
perform these two skills to ensure that the players have
the best position on the court when hitting the ball [5,
6]. Since tennis shots occur while in motion, positioning
oneself correctly is crucial. Improper movements could
cause the player to become unbalanced and change the
players’ actions, which would decrease the shot’s accu-
racy [7, 8]. Therefore, the first step of hitting a ball is to
find the best contact point, which increases the player’s
need for better mobility when moving on a tennis court.
Additionally, the hitting accuracy, depth, and angle are
the key performance metrics when analyzing tennis play-
ers’ ability to hit the ball [9, 10]. Like all sports, tennis can
result in injury if the athlete does not have the necessary
competencies [11]. Notably, there is no one-size-fits-all
tennis movement model. Instead, players should develop
their own strategies on the basis of their unique physical
features and abilities. Reasonable movement patterns can
increase hitting efficiency, but overly exact imitation can
impede individual technical improvement [5].

Due to the highly competitive nature of tennis, athletes
and coaches are constantly seeking ways to gain a com-
petitive edge, often focusing on training methods that
enhance specific aspects of performance, such as physi-
cal fitness, technical skills, tactics, and mental fortitude
[12]. Several studies have confirmed the effectiveness of
various exercise training methods—such as high-inten-
sity interval training, plyometric training, and resistance
training—on improving skill performance and move-
ment quality in young tennis players [13-15]. These
approaches have been shown to not only boost athletic
performance but also contribute to injury prevention
and overall development in the sport. However, there is
increasing interest in determining the best overall train-
ing methods, especially those that are exercise-based,
rather than focusing on training specific muscles and
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joints in isolation, as these methods may be more effec-
tive in improving an athlete’s competitive performance.
In this context, functional training stands out as a way to
prioritize the principle of specificity in a balanced man-
ner to achieve performance development. Compared
with training specific muscles, functional training simu-
lates target movements, to better promote improvement
in those movements [11, 16]; it is better than traditional
resistance training in improving athletes’ overall perfor-
mance and achieves effects [16, 17]. In practice, efficacy
is sometimes given precedence over risk, whereas current
sports training should place equal focus on injury pre-
vention and training effectiveness [18]. In this sense, pro-
fessional tennis players are vulnerable to musculoskeletal
injuries because of the high pressures they put on their
joints during practice and competition [19, 20]. Accord-
ing to injury surveillance statistics from the Association
of Tennis Professionals, the overall injury rate is 6.05 inju-
ries per 1000 playing hours, with muscle and tendon inju-
ries accounting for more than 84% of acute and chronic
injuries [21]. Sports injuries can be thought of as random
events; however, they frequently appear in the movement
patterns needed to execute an activity [22, 23]. Players
should therefore utilize the kinetic chain as efficiently
as possible to reduce the risk of overuse injuries in ten-
nis [22]. This calls for an injury prevention training pro-
gram that adjusts to dynamic movement patterns [24].
Moreover, the training process is one in which athletes
are systematically exposed to stimuli with the objective,
adapting to the determinants of performance, enhanc-
ing physical abilities and acquiring specific sports skills
[25]. Therefore, a dynamic framework must be developed
when guiding the training process and should be adjusted
on the basis of an athlete’s specific situation. The training
load is the core element of this dynamic framework [26].
The training load corresponds to the stress that the exer-
cise puts on the body; it comprises internal and external
loads, depending primarily on the measurable aspects
that occur internally and/or externally to the athlete [27].
However, in performance interventions, the selection
of exercise training methods is crucial. Existing studies
have confirmed that functional training can significantly
improve the skill performance and movement quality of
athletes [28—-30], but there are no reports on the effects of
functional training in young tennis players, and no study
has applied functional training to the exercise training
process model. Therefore, this study focused on differ-
ent types of external load exercise to investigate whether
functional training can effectively improve the skill per-
formance and movement quality of young male tennis
players. Additionally, previous evidence has shown that
the duration of functional training varies [31-33], and
it is not possible to determine from the existing studies
the optimal choice for the duration of functional training
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interventions for developing the skill performance and
movement quality of young tennis players. Therefore,
this study compared the effects of different durations of
functional training and traditional resistance training on
the skill performance and movement quality develop-
ment of young male tennis players. The hypothesis is that
functional training could enhance skill performance and
movement quality more than traditional resistance train-
ing. We also studied the optimal duration of functional
training necessary to improve athletes’ skill performance
and movement quality.

Methods

The study was designed and reported in accordance
with the CONSORT declaration [34], and a two-arm
cluster-randomized controlled trial was used. The Eth-
ics Committee for research involving human partici-
pants of the Universiti Putra Malaysia evaluated and
approved the study and approved it (approval number:
JKEUPM-2020-283).

Participants

This study’s subjects are from Zhejiang Province. They
are local junior tennis athletes. This choice was based
on the following factors. First, Zhejiang Province is an
important site for Chinese youth tennis tournaments,
where young tennis players have a certain representative-
ness. Second, researcher randomly selected two teams
(clusters) that are participating in youth tennis compe-
titions in Zhejiang Province because every year, athletes
of a certain level are selected from these two training
bases to participate in national and provincial youth ten-
nis competitions. Therefore, athletes’ competitive abil-
ity at the two bases is representative of that of Chinese
tennis players [35, 36]. With the help of the tournament
staff, the training bases of skilled youth tennis players
were selected from 11 representative teams, and a lottery
method was used to select the functional training group
(FTG) and control training group (CTG).

During the initial sign-up period, the following inclu-
sion and exclusion criteria were implemented in addition
to their voluntary participation: (1) The inclusion crite-
ria in the present study were (i) Skilled youth male tennis
players (14—18 years old) who had participated in youth
tennis competitions in Zhejiang Province. (2) The exclu-
sion criteria were (i) Participants who were injury-free
and had no history of sports injuries (i.e., knee, elbow, or
shoulder injuries) for at least one year; and (ii) Partici-
pants who agreed to follow the experimental design, in
which the all subjects received normal technical training,
the experimental group had to stop participating in tradi-
tional resistance training and only received the functional
training intervention, and the control group followed the
normal training schedule. (iii) This study did not exclude
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participants based on their’ dominant and backhand grip
patterns.

The sample size analysis was calculated via G*Power
3.1. The effect size was calculated on the basis of pre-
vious studies (effect size=0.24) [37]. Considering an
alpha=0.05 and a power of 0.80 the sample size was cal-
culated as #=30 (n=15 for each group). However, Don-
ner et al. (1981) suggested that the designed sample size
for presumptuous individual randomization may be mag-
nified by a design effect (DE) to achieve the required sta-
tistical performance under a CRCT [38]. Considering the
design effect and potential dropout ratio as 20% of the
total sample size [5], the final sample size was calculated
as 42.75. Since there were two groups in this study, the
sample size was rounded up to n =44 young male tennis
players.

Intervention procedures

After subject recruitment, the participants were intro-
duced to the intervention process. During this pro-
cedure, the maximum repetition method was used to
assess the training level and intensity (load level-weight)
of each subject. The FTG received a program based on
Santana’s Racket Sports Program [39], whereas the CTG
followed a traditional resistance training program. The
study training protocol is summarized in Table 1. Dur-
ing the 12—week intervention, both groups were trained
every Monday, Wednesday, and Friday from 4 to 5 p.m.
The main exercise period consisted of 2—4 sets of 10-15
repetitions with a rest period of 20-120 s between sets.
Researchers collected the participants’ training logbooks
weekly and encouraged them to adhere to the interven-
tion. The definition of intervention adherence was atten-
dance at 80% of prescribed sessions. Additionally, the
FTG selected two physical education students with rich
functional training research as coaches who conducted
all the intervention sessions, and the control group was
managed by two tennis coaches from the experimental
site.

Outcome measures procedures

The dependent variables were tested three times; a pre-
test (T0) was conducted before the intervention, posttest
1 (T6) was conducted after 6 weeks of the intervention,
and posttest 2 (T12) was conducted after 12 weeks of
the intervention, to observe the differences between the
two groups after the three analyses. Training effects were
assessed via two tests. First, tennis skill performance
was evaluated via the International Tennis Number
on Court Assessment (ITN) test battery [9]. The tennis
skill performance evaluated in this protocol assess four
aspects: groundstroke depth (GD); volley depth (VD);
groundstroke accuracy (GA); serve assessment (SA), and
the maximum score is 90 for the GD, 72 for the VD, 84
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Table 1 Details of the training programs
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Duration Program Stage 1 Stage 2 Stage 3
Week 1-4  Functional training  MB wood chop MB ABC squat Rope circles
Side T plank BP staggered stance fly Vibration blade throw
BP compound row BP staggered stance CLA row
Control training Light jogging Chest press Upper body stretch
Arm circles Body-weight squat Shoulder stretch
Wrist flexes Push up Waist stretch
Shoulder rotations Situp Lower body stretch
Leg curl
Knee lifts
Week 5-8 Functional training  BP low-to-high chop DB lateral reaching lunge X-up
DB single-arm diagonal fly T push up SBrollout

Control training

Week 9-12  Functional training

Control training

rotation

BP staggered stance CLA
compound row

Light jogging

Arm circles

Wrist flexes

Shoulder rotations

DB lateral reaching
lunge

Skater

BP low-to-high chop
MB rotational throw:
perpendicular

Light jogging

Arm circles

Wrist flexes
Shoulder rotations

DB staggered-stance bent-over single-arm row

Shoulder press

Roll up

Squat jump

Push up

bicep curl

Leg curl

Knee lifts

BP high-to-low chop

MB overhead side-to-side slam
BP swim

MB overhead slam

BP high-to-low chop

MB overhead side-to-side slam
Chest and shoulder press

Roll up

Split squat

Push up

bicep curl

Lunge jump

Standing calf raise

Rope circles Vibration blade throw

Upper body stretch
Shoulder stretch
Waist stretch
Lower body stretch

Single-leg CLA anterior reach
Rope circles
Vibration blade throw

Upper body stretch
Shoulder stretch
Waist stretch
Lower body stretch

Note: BP: bands or pulleys; CLA: contralateral arm; DB: dumbbell; KB: kettlebells; MB: medicine balls; SB: stability balls

for the GA, and 108 for the SA. Second, the functional
movement screening assessment recommended by Cook
was used to evaluate the participants’ movement qual-
ity [40, 41]. This screening assessment consists of seven
basic movement patterns: deep squat (DS); hurdle step
(HS); in-line lunge (ILL); shoulder mobility (SM); active
straight leg raise (ASLR); trunk stability push-up (TSPU);
rotary stability (RS), and each test is scored, on a 4-point
scale (0-3); on tests where the left and right sides are
measured, the lowest score is used, resulting in a total
score of 21 for all seven tests [40, 41]. The seven basic
movement patterns can be grouped into three main sub-
scales, which are named advanced movement, mobility
and stability [40, 41]; the advanced movements subscale
included the DS, HS, and ILL; the mobility subscale
includes the ASLR, and SM; and the stability subscale
includes the TSPU and RS.

The experimental data of this study originated from
field tests instead of laboratory tests. Therefore, to
achieve meaningful test results, field trials require con-
siderable reflection and careful management to control

for irrelevant foreign variables, which is achieved via the
following steps: First, prior to the experiment, an ori-
entation meeting was conducted with the participants
to introduce them to and demonstrate the training and
measurement processes; Second, the participants were
discouraged from engaging in any other types of exercise,
seeking outside assistance from professionals, or reading
self-improvement literature. Third, every test was given
in the same order and at the same time of day, which was
from 3 to 6 p.m.; the functional training group finished all
their assessments on Saturday, while the traditional train-
ing group finished them on Sunday because the research
team only had one FMS level-2 certified coach. Fourth,
the participants were asked to sleep enough the night
before the assessment so that they could actively partici-
pate in the test with the right attitude and cooperate with
the tester throughout the process.

Statistical analysis
Statistical Software for Social Science (SPSS) ver-
sion 23 was used for all the statistical analyses.
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Independent-sample t-tests were used to analyze the
baseline data, and descriptive statistics are presented as
the means + standard deviations. A Generalized estimat-
ing equation (GEE) model was used to determine the
differences at TO, T6, and T12, a Bonferroni-adjusted
significance test was used for post hoc pairwise compari-
sons, and a percentage was used to calculate the change
between TO and T12. The significance level for the whole
procedure was established as p<0.05. Additionally, the
effect size (d) of each analysis was established automati-
cally by SPSS and via the commonly used guidelines pro-
posed by Cohen (2009) (d=0.35 means trivial; d=0.35
to 0.8 means small; d=0.8 to 1.5 means moderate; and
d>1.5 means large) to determine the effect size of the
intervention [42].

Results

This study screened 57 young tennis players, all of whom
were right-handed and had a double-handed backhand.
Eight participants did not meet the inclusion criteria
(screen failures). One participant refused to participate
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because of a lack of time, and the guardians or parents
of the other four objected to their child participating in
this experiment (refer to Fig. 1). The researcher allocated
44 participants who voluntarily participated in this study
to the FTG (n=22) or CTG (n=22) and written informed
consent (cosigned by the participants and their parents
or guardians) was obtained from the participants. Two
participants from both groups were eliminated dur-
ing the study process. Hence, the data analysis included
information from a total of 40 participants (more infor-
mation is available in Fig. 1).

The homogeneity of the demographic characteristics of
the two groups was assessed via independent t-tests prior
to data analysis. The results (Table 2) revealed that the
FTG and CTG groups were not significantly different in
terms of age (t=0.93, p=0.36), height (t = -0.21, p=0.84),
weight (t = -0.22, p=0.83), or training background (t =
-0.04, p=0.97). In other words, the groups were homoge-
neous in terms of their demographic characteristics.

As shown in Table 3; Figs. 2 and 3, the results revealed
statistically significant differences in skill performance

Assessed for eligibility (n = 57)

Excluded (n=13)

Not meeting inclusion criteria (n = 8)
Declined to participate (n=1)
Other reasons (i.e., guardians object to
participating) (n=4)

Y

Randomized (n = 44)

:

A

Allocated to control group (n=22)
Received allocated intervention (n= 22)
Did not receive allocated intervention (n = 0)

A4

Lost to follow-up (quit training) (n= 1)
Discontinued intervention (sports injury) (n= 1)

Analysed (n=20)

Fig. 1 Participants'flow diagram

—

A4

Allocated to functional training group (n =22)
Received allocated intervention (n = 22)
Did not receive allocated intervention (n=0)

Lost to follow-up (quit training) (n= 1)
Discontinued intervention (relocation) (n = 1)

Analysed (n=20)
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Table 2 Participants demographic characteristics
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Variables FTG CTG t p
Age (year) 16.65+041 16.51+0.57 093 036
Height (cm) 176.24+2.58 17641+243 -0.21 0.84
Weight (kg) 71.61+291 71.82+3.17 -0.22 0.83
Training background (month) 57.90+4.40 57.95+4.23 -0.04 097
Note: FTG, functional training group; CTG, control training group
Table 3 Effects of the functional training on skill performance and movement quality
Variables Time FTG CTG Between Groupp  Within % change
Group d (TO vs.
(TOvs.T12) T12)
FTIG CTG FTIG CTG
Skill performance  GD T0 40.20 (2.14) 39.90 (2.77) 0.694 459 349 460 291
T6 5(2.66)* 44,90 (2.77) * <0.001
T12 58.70(5.28) t# 51.50(3.80) t# <0.001
VD T0 3295 (2.01) 32.00 (2.62) 0.187 258 059 240 48
T6 0(2.66) * 33.05(2.67) * <0.001
T12 40.85(3.83) t# 3355265 # <0001
GA TO 38.65(3.77) 39.10 (2.57) 0.651 485 339 444 244
T6 4720 (3.94) * 43.85(3.01)* 0.002
T12 5580 (3.29) t# 4865 (3.05) t# <0.001
SA TO 65 (2.62) 41.90 (3.45) 0.791 292 129 227 103
T6 46.50(3.72)*  4330(3.13)* 0.003
T12 0(3.75) t# 4620(3.24) t# <0.001
Movement quality ~ Advanced movements subscale  TO 5.85(0.49) 5.90 (0.45) 0.729 3.08 041 368 -42
T6 6.65(0.75) * 5.90(0.55) <0.001
T12 8.00 (0.86) t#  5.65 (0.75) <0.001
Mobility subscale T0 3.85(0.75) 3.95(0.51) 0611 153 098 351 -127
T6 445(0.76) * 3.85(0.49) 0.002
T12 520(1.01) t# 345(0.57) t# <0.001
Stability subscale TO 405 (0.61) 3.95(0.51) 0.562 181 042 296 -5.1
T6 4.25(0.44) 3.95(0.39) 0.020
T12 525(0.72) t# 3.75(044) <0.001

Note: FTG, functional training group; CTG, control training group; GD: groundstroke depth; VD: volley depth; GA: groundstroke accuracy; SA: serve assessment; TO:
pre-intervention test; T6: after 6-week post-intervention test; T12: after 12-week post-intervention test; * TO vs. T6, p<0.05; 1+ T6 vs. T12, p < 0.05; #T0 vs. T12, p<0.05
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and movement quality between TO and T6 (p<0.05),
between TO and T12 (p<0.05), and between T6 and T12
(p<0.05) in the FTG. The functional training interven-
tion was superior to the standard training intervention

after a 12-week training period.

First, regarding skill performance (Fig. 2), from base-
line (TO) to week 12 (T12), the following findings were
observed: (1) The average increase in the GD in the FTG
was 46.0%, significantly increasing from 40.20+2.14

to 58.70+5.28 (p<0.05, d=4.59), whereas the average
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increase in the GD in the CTG was 29.1%, which was
significant increase from 39.90+2.77 to 51.50+3.80
(p<0.05, d=3.49); there was a significant difference
between the two groups after 12 weeks of the inter-
vention (p<0.001). (2) The mean increase in the VD in
the FTG was 24.0%, which represented a change from
32.95+2.01 to 40.85+3.83 (p<0.05, d=2.58). The aver-
age increase in the VD in the CTG was 4.8%, increas-
ing from 32.00+2.62 to 33.55+2.65 (p<0.05, d=0.59).
There was a significant difference between the two
groups after 12 weeks of the intervention (p<0.001). (3)
The average increase in the GA in the FTG was 44.4%,
which was an increase from 38.65+3.77 to 55.80+3.29
(p<0.05, d=4.85), and the average increase in the GA
in the CTG was 24.4%, increasing from 39.10+2.57 to
48.65+3.05 (p<0.05, d=3.39), there was a significant
difference between the two groups after 12 weeks of the
intervention (p<0.001). (4) The average increase in the
SA in the FTG was 22.7%, increasing from 41.65 +2.62 to
51.10+3.75 (p<0.05, d=2.92), and the average increase
in the SA in the CTG was 10.3%, increasing from
41.90+£3.45 to 46.20+3.24 (p<0.05, d=1.29); there was
a significant difference between the two groups after 12
weeks of the intervention (p <0.001).

Second, regarding movement quality (Fig. 3), from
baseline (T0) to week 12 (T12), the following findings
were observed: (1) The average score of the advanced
movements subscale in the FTG increased significantly
by 36.8%, increasing from 5.85+0.49 to 8.00+0.86
(p<0.05, d=3.08), whereas the average score of the
advanced movements subscale in the CTG decreased
by 4.2%, decreasing from 5.90+0.45 to 5.65+0.75
(p>0.05, d=0.41), and there was a significant difference
between the two groups after 12 weeks of the interven-
tion (p<0.001). (2) The score of the mobility subscale
in the FTG significantly increased by 35.1%, increas-
ing from 3.85+0.75 to 5.20+1.01 (p<0.05, d=1.53). The
score of the mobility subscale in the CTG decreased by
12.7%, decreasing from 3.95+0.51 to 3.45+0.51 (p<0.05,

d=0.98). There was a significant difference between the
two groups after 12 weeks of the intervention (p <0.001).
(3) The score of the stability subscale in the FTG signifi-
cantly increased by 29.6%, increasing from 4.05+0.61
to 5.25+0.72 (p<0.05, d=1.81), whereas that of the
CTG decreased by 12.7%, decreasing from 3.95+0.51 to
3.75+0.44 (p>0.05, d=0.42); there was a significant dif-
ference between the two groups after 12 weeks of the
intervention (p <0.001).

Discussion

As shown in Table 3; Figs. 2 and 3 and a well-designed
functional training program can significantly improve the
skill performance and movement quality of young male
tennis players. Therefore, the hypothesis that functional
training can enhance the skill performance and move-
ment quality of young male tennis players is fully sup-
ported by the current data. These findings were expected
and are consistent with those of previous studies indi-
cating that functional training can significantly improve
the skill performance and movement quality of athletes
(badminton, baseball, soccer) in various categories [43—
46]. The following discussion presents a more detailed
explanation.

Skill performance

On the basis of previous investigations [47, 48], we
hypothesized that functional training, when incorporated
into standard tennis training, could enhance skill per-
formance more than standard training. The data, how-
ever, seem to suggest otherwise. Over an average length
of time, standard training—which is based on a coach’s
several decades of expertise in coaching tennis sport—
is beneficial for promoting the performance of young
male tennis players. Consequently, a tennis coach may
select any approach to elicit tennis—skill performance,
and the outcomes should be equivalent within the time
span investigated in this study, even if functional train-
ing also showed its efficacy in our group. Moreover, these
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skill—performance modifications are expected to develop
within six to 12 weeks. To the best of our knowledge, this
is the first publication to investigate this type of train-
ing in this age group of trained individuals. Therefore,
the current results are difficult to compare with those
of similar studies. However, the conclusion that func-
tional training can significantly improve athletes’ skill
performance has been confirmed in other types of ath-
letes. Liu et al. (2023) revealed that 3 sessions per week
of functional training for 12 weeks improved the accu-
racy and depth test scores among national—level tennis
players [49]. Chen (2023) reported that 8 weeks of func-
tional training with a frequency of 3 sessions per week
led to improvements in depth and hitting accuracy test
scores among national—level badminton players [43].
Another author reported that 8 weeks of functional train-
ing among club basketball players could improve athletes
accuracy in shooting skills from outside the three-point
arc [50]. In addition, Lee et al. (2023) revealed that 3
sessions per week of functional training for 6 weeks
improved the batting speed of collegiate baseball players
[44]. These findings demonstrate that functional training
regimens might significantly improve athletes’ skill per-
formance. One interpretation of the findings of this study
is that functional training can enhance an athlete’s capac-
ity to regulate their body posture and technical move-
ments, increase the effectiveness of power transmission,
and increase their ability to precisely control their motor
nerve in relation to the racket [43, 51]. Moreover, an
additional plausible rationale could be the functional
training specificity principle, which advocates for train-
ing in a manner that simulates the intended action to
enhance the target movement itself, rather than targeting
individual muscle groups [5, 11, 52]. However, workouts
that improve muscle strength and durability are used
in conventional training. Owing to the unidirectional
nature of these workouts, which mainly use the sagittal
plane, only the necessary muscles quickly become stron-
ger under high stress. Additionally, functional training is
superior to regular training for tennis player performance
enhancement since it exercises many axes simultane-
ously, employing multiple muscle groups and joints.

Movement quality

As expected, a significant improvement in movement
quality was observed after the functional training inter-
vention. This finding was not unexpected because
functional training attempts to develop muscles in cor-
responding multiplanar movements and intergrate mul-
tiple joints, dynamic tasks and constant changes on the
basis of support to improve the athlete’s postural control,
reduce energy consumption during movement comple-
tion, and improve the power transmission efficiency
chain at the end of the movement [52, 53]. When the
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changes between the different measurements were exam-
ined, there was a significant difference between the two
groups, with greater improvement observed in the FTG
(the advanced movements subscale: 36.8%; the mobil-
ity subscale: 35.1%, and the stability subscale: 29.6%).
However, there were decreases in these assessments
in the CTG (the advanced movements subscale: -4.2%;
the mobility subscale: -12.7%; and the stability subscale:
-5.1%). This decrease may be due to muscle tension
caused by intense exercise loads during rapid body devel-
opment [11]. If the muscles being used are not exercised
in accordance with the principles of functional training,
the quality of movement may deteriorate even though
individual motor skills may improve. Traditional resis-
tance training is not always multiarticular or multiplanar
and therefore may overlook the importance of an athlete’s
functional limitations and their ability to perform coor-
dinated functional movements accurately [54]. Previous
research has validated these findings and demonstrated
that functional training can significantly enhance the
quality of mobility for various athlete populations [16, 55,
56]. Campa et al. (2018) reported that 20 weeks of a func-
tional training program significantly improved the move-
ment quality of elite male soccer players [57]. Riela et al.
(2019) reported that 8 weeks of functional training, three
times a week, significantly improved the movement qual-
ity of male professional soccer players [45]. Suzuki et al.
(2022) reported that 12 weeks (four sessions per week) of
functional training greatly improved the movement qual-
ity of high school baseball players [46]. Tennis involves
multiple muscled groups joints are exercised multiple
axes simultaneously, and their explosive movement pat-
terns place a high demand on athletes’ movement quality
[5]. However, better movement quality can both enhance
athletes; performance and successfully prevent sports
injuries [5]. Therefore, it is recommended that athletes
and coaches exercise according to the functional training
principles.

Limitations

This study has several limitations and needs further dis-
cussion for future study: First, our study was performed
with a particular group of young male tennis players.
Therefore, future studies should include other groups
(e.g., different age groups, females, elites). Second, the
speed of the ball is an important measure for assess-
ing the level of tennis player’ performance. The most
advanced methods (i.e.,, Hawk-eye technology and Play
Sight) use multiple high-speed cameras to calculate the
ball speed. However, high-speed cameras are very expen-
sive and difficult to install, which limits their popular-
ity in research. The International Tennis Federation
endorses the ITN as a reliable rating system for tennis.
Designed around specific strokes and the sport’s unique
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characteristics, this system offers a more precise evalua-
tion of a player’s technical abilities. By assessing players
across multiple skill areas, the ITN provides a standard-
ized ranking method that promotes fair competition
and aids coaches in customizing training programs to
meet individual needs [10]. Therefore, this study used
ITN on Court Assessment to evaluate the skill level of
the young male tennis players included in this study.
Finally, the subjects were from the southern region of
China; their diets were essentially the same, with simi-
lar caloric intake; we did not regulate or standardize the
participants’ diets during the study period. The partici-
pants agreed and signed informed consent forms after
the coach clarified that they did not need to alter their
regular eating habits for the duration of the experiment.

Practical implications

The findings of the present study revealed that exercise
training can improve athletes’ skill performance and
movement quality. However, even though functional
training is a hot topic of research in the field of exercise
training, no study has been published on the effects of
functional training on the skill performance and move-
ment quality of young male tennis players. Several stud-
ies have shown that functional training can improve
athletes’ skill performance and movement quality [28—
30]. Nonetheless, the findings of this study can assist
tennis players, coaches, researchers, and managers in
implementing the most effective exercise training meth-
ods for improving tennis players’ skill performance and
movement quality. Additionally, this study demonstrated
that Santana’s racket-based functional training program
can improve the skill performance and movement quality
of young tennis players. As a result, coaches, researchers,
and managers can apply this functional training program
to other racket-based youth athletes, mainly to improve
the skill performance and movement quality of athletes
in other racket sports.

Conclusions

This study contributes to a growing body of literature
on the effects of functional training on improving the
skill performance and movement quality of athletes. The
results show that functional training can improve the
skill performance of young male tennis players more than
standard training programs can. Additionally, compared
with standard training programs, 6 weeks of functional
training had more significant effects on skill performance
and movement quality. Collectively, our results suggest
that functional training is effective in improving the skill
performance of young male tennis players and improving
their mobility and stability along the kinetic chain.
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CRCT  Cluster Randomized Controlled Trial
GEE Generalized Estimating Equation
FTG Functional Training Group

CTG Control Group

DE Design Effect
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SA Serve Assessment
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