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Background: Little is known about the impact of long term participation in sports and

subcutaneous fat volume in children. This study aimed at determining whether tennis

participation is associated with lower subcutaneous adipose tissue volume (SATv) in the

abdominal and upper extremities in children.

Methods: Magnetic resonance imaging (MRI) was used to determine the SATv stored in

the abdominal region and upper arms in seven tennis players and seven inactive children

matched by height and age (147 cm and 10.9 years). All participants were in Tanner stage

1 or 2.

Results: Playing tennis was associated with 48% (P = 0.001) lower abdominal SATv

and 17–18% (P > 0.05) lower upper arms SATv compared to controls. The ratio

between abdominal/upper arms SATv was larger in the controls vs. tennis players

(69% P = 0.001). The SATv was similar in the dominant and non-dominant arm within

each group.

Conclusion: Playing tennis during childhood is associated with reduced SATv in the

abdominal region and a more favorable regional distribution of fat. Despite the large

amount of contractile activity of the playing (dominant) arm, there was no indication of

between-arms differences in SATv.

Keywords: adipose tissue, children, MRI, tennis, subcutaneous fat, abdominal fat

INTRODUCTION

Accumulation of subcutaneous adipose tissue (SAT) has important implications for health (1) and
physical fitness (2, 3). Cardiometabolic risk and metabolic syndrome have been associated with
increased accumulation of SAT of the upper body in humans (4). It is well-documented that exercise
training may help reducing total adipose tissue stores (5). However, little is known about the effects
of exercise training on the regional distribution of SAT in healthy adults (6), while children have
not been studied.

Tennis is one of the most popular sports. During tennis practice, the lipolysis is strongly
stimulated (7) what may contribute to explain the lower fat mass of tennis players (TPs) (8).
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Studies using dual-energy X-ray absorptiometry (DXA) showed
that TPs of different ages and gender have a lower percentage
of total body fat than healthy sedentary controls, mostly due to
lower accumulation of fat mass in the trunk (8–10). In children,
an inverse association between the number of years playing tennis
and the percentage of total body fat has been reported, suggesting
that long-term participation in tennis may further reduce fat
mass (9). What remains to be determined is whether long-term
tennis playing is associated with a specific regional reduction of
fat mass.

The literature about the loss of SAT in a particular region
of the body as a consequence of exercising that specific site
(spot reduction) is scarce (11–16). Tennis offers an interesting
experimental model to investigate the local effects of prolonged
participation in sports on the subcutaneous mass, by comparing
the dominant to the non-dominant arm. Tennis players submit
the dominant arm, i.e., the arm holding the racket during the
tennis serve, to an enormous amount of exercise compared to
the contralateral. This asymmetric loading cause between-arm
differences in muscle and bone morphology (17, 18) and maybe
in the regional deposition of SAT in the upper extremity (19, 20).
In previous studies using DXA, we observed a lower percentage
of fat in the dominant compared to the non-dominant arm
in professional TPs (8), but no such asymmetry was observed
in children TPs (9). The use of magnetic resonance imaging
(MRI) for the quantification of adipose tissue may help to
ascertain whether tennis-playing induces spot reductions in
adipose mass (21).

Magnetic resonance imaging and computed tomography (CT)
are considered the reference standards for measuring adipose
tissue (21). Both methods allow the volumetric quantification
of SAT in the extremities and to distinguish SAT from visceral
adipose tissue in the trunk (21, 22). DXA may also differentiate
visceral from subcutaneous fat in the abdominal region, although
with lower precision than MRI and CT (23). Ultrasonography
allows measuring the thickness of the SAT but is less reliable
and precise than MRI and CT (24, 25). Other techniques such as
bioelectrical impedance analysis, anthropometric measurements
(body mass index, waist-to-hip-ratio, waist circumference, or
skinfold thickness) provide indirect estimations of regional fat
distribution (24).

Few studies have analyzed the subcutaneous adipose tissue
volume (SATv) in children using MRI (26, 27). Previous reports
using MRI have based their conclusions on a single axial
anatomical cross-sectional image (SAT area) to estimate the
whole SAT in an entire anatomical region (28). However, a recent
study in children has shown that an accurate assessment of total
abdominal SATv requires multiple cross-sectional images (4).

The main purpose of the present study was to describe
the distribution of SAT in the upper body (upper arms and
abdominal region) in young TPs submitted to chronic tennis
training. A secondary aim was to determine the differences in the
regional distribution of SAT between the TPs and inactive healthy
control children. The main hypothesis to be tested is that the TPs

Abbreviations: TPs, Tennis players; SATv, Subcutaneous adipose tissue volume;

DXA, Dual-energy X-ray absorptiometry; MRI, Magnetic resonance imaging.

accumulate less SAT in the abdominal and upper arms regions
compared to controls. We also hypothesized that the amount of
SAT is lower in the dominant than the contralateral arm of TPs.

MATERIALS AND METHODS

Design
A matched retrospective cohort design (tennis players vs.
inactive) was followed. The sample size was determined to
capture SATv reductions in tennis players vs. inactive of at
least 40%, with a statistical power of 80% and an alpha
error (one-sided) of 0.05. Previous studies had shown that
the coefficient of variation (standard deviation/mean) of the
SATv in children and adolescents fluctuated between 22 and
26% (26, 27). We adopted a more conservative position
assuming a coefficient of variation of 30% (29). Also, given
the matched-pairs of the participants, we assumed a zero
correlation in the SATv between tennis players and controls.
Thus, the appropriate sample size to capture a reduction of
at least 40% of SATv in tennis players with at least 2 years
of training and competition compared to inactive matched-
pairs was of 14 participants (seven tennis players and seven
controls). We assumed a coefficient of variation of SATv in
children close to 30% and zero correlation between both groups.
The statistical power was set at 80% and the one-sided alpha
error at 0.05.

The tennis players and controls were matched for height and
age. For each tennis player selected, an inactive control child
was chosen randomly from among those controls with <1 cm
difference in height and <1 year of difference in age. Figure 1
describes the process.

Participants
Fourteen children, seven TPs and seven controls, all males, in
Tanner stage 1–2 participated in the study. To be included, all
participants had to be healthy, without any chronic diseases and
free of musculoskeletal conditions. The TPs were consecutively
recruited from tennis clubs of Gran Canaria. Tennis players
were selected randomly according to the following inclusion
criteria: (1) they had started playing tennis before the age
of nine (mean starting age, 6.3 ± 2.6 years); (2) had been
participating in competitive tennis for a minimum of 2 years
(mean 5.1 ± 2.2); and (3) trained at least 5 times per week (12.0
± 2.1 h per week) excluding competitions. The TPs were not
involved in any other regular form of exercise apart from the
physical education compulsory sessions included in the Spanish
academic curriculum (2 weekly sessions of 45min each). The
inactive children (control group) were recruited through local
announcements in primary schools, among children who did
not participate in any regular form of exercise, apart from
the compulsory physical education curriculum, without sport
training antecedents or excessive TVwatching (>4 h/day). Of the
144 inactive children agreeing to participate, 18 were excluded
due to physical activities during the weekends, excessive TV-
watching, or dieting to lose weight. Another 12 children were
excluded due to personal reasons, excess of weight according
to CDC tables (30), or Tanner stage >2 (Figure 1). From the
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FIGURE 1 | Flow chart for the selection of children tennis players and inactive controls.

remaining 126 children, seven were selected randomly for MRI
examination. Height and body mass were measured before MRI
scanning, as described elsewhere (31). As expected, this resulted
in the inactive children having a slightly higher BMI than the
TPs (P = 0.06).

In the TPs, the arm holding the racket during the service
stroke was considered as the dominant arm, whereas in the
controls, it was the preferred arm used to perform an overhead
throw. Two children played a two-handed backhand. Each
participant and parents of children were informed about the
aims and procedures of the study and gave their informed
written consent to participate. The study was approved by
the ethical committee of the University of Las Palmas de
Gran Canaria.

Pubertal Status Assessment
Tanner pubertal status was self-assessed with parental guidance
using the standard five scale Tanner stages (32).

Magnetic Resonance Imaging
A 1.5 T MRI scanner (Philips Achieva 1.5 Tesla system, Philips
Healthcare, Best, The Netherlands) was used to acquire 8-
mm contiguous slices (without interslice separation) from the
trunk and 10-mm axial contiguous slices from each upper
extremity independently. The subjects were examined in the
supine position with arms lying parallel along the lateral sides
of the body. Sagittal, coronal, and transverse localizers of the
regions of interest were used to determine the anatomic sites
for image acquisition precisely. A body coil was used to obtain
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FIGURE 2 | Axial T1-weighted in-phase non-fat saturated magnetic resonance images at L4 level illustrating the subcutaneous adipose tissue of (A) a child tennis

player and (B) an inactive child (weight 35.6 vs. 41.7 kg, height 148.1 vs. 147.5 cm, age 11.0 vs. 10.2 years, respectively, both Tanner stage 2), matched for height

and age. Top, gray-scale images; bottom, corresponding analyzed images (in red, the subcutaneous adipose tissue) (Supplementary Material).

transverse MR images perpendicular to the anterior abdominal
wall at rest, while the subjects hold their breath at mid expiration.
The total exploration time for the trunk was about 20 s, which was
within the breath-hold tolerance of all subjects. Axial gradient-
echo T1-weighted in-phase and out-of-phase MR images were
acquired for the trunk (repetition time: 112ms; echo time: 4.2ms;
flip-angle: 80◦; field of view: 42-cm2; matrix: 256 × 256 pixels,
in-plane spatial resolution 1.64 × 1.64mm) (33) and the upper
extremity (repetition time: 820ms; echo time: 20ms; field of view:
35-cm2; matrix: 512 × 512 pixels, in-plane spatial resolution
0.68 × 0.68mm) (34). All sequences were obtained with no fat
saturation. The MRI images were transferred to a computer for
digital reconstruction to determine the subcutaneous fat cross-
sectional areas (Figures 2, 3).

The total volume of SAT in the abdominal region was
calculated from T12-L1 intervertebral disc to pubic symphysis.
The SATv of each upper extremity was measured from the slice
that immediately followed the axilla (the first image showing a
gap between the arm and trunk) (16) to the more proximal image
of the medial epicondyle.

All calculations were carried out by the same investigator
using a specially designed image analysis software (SliceOmatic
4.3, Tomovision Inc., Montreal, Canada), as described elsewhere
(35, 36). The investigator manually traced all images. A total of
1,150 slices (between 20 and 30 per body region and participant)
were processed to determine the volume of SAT in the abdominal
region and both arms. A threshold was selected for adipose and
lean tissues using gray-level image pixel histograms to identify
the tissue boundaries (35, 36).

The reliability of the assessment of SATv was determined by
analyzing 10–20 slices from the upper arms and 20–30 slices from
the abdominal region twice in all subjects, at least 2 weeks apart.
The examiner was blinded regarding the previous results. The

percentual variation of the assessments of the trunk and upper
arms subcutaneous fat volumes were all below 1.5%.

Statistical Analysis
The SATv variables were checked for normality and
homoscedasticity by the Shapiro-Wilk and Kolmogorov-Smirnov
tests with the Lilliefors correction. All the SATv variables adjusted
well to the normality tests except the ratio of SAT abdomen/arms
in the inactive group, which was logarithmically transformed.
Both groups also presented homogeneous variances in all SAT
variables (volumes, abdomen/arms ratio and asymmetry between
arms, P Levene test between 0.44 and 0.89).

Mean, and the standard error of the mean (SE) are given as
descriptive statistics. Differences between TPs and controls were
tested using a mixed linear model (37). The comparisons were
adjusted for BMI to compensate for the difference of 2 kg/m2

between both groups. Significant differences for SATv were
assumed at P < 0.05 (one-sided). Lme4 and Lsmeans modules of
R statistical package software were used for the analysis (37, 38).
A priori sample size and post-hoc power were determined using
G∗Power software (39).

RESULTS

Table 1 summarizes the main characteristics of each group.
The TPs had a slightly lower body mass index (BMI)
compared to controls, but the difference was not statistically
significant (P = 0.06).

The TPs had 48% lower volume of SAT (mean ± SE) in the
abdominal region compared to their inactive counterparts (1,718
± 187 vs. 3,322± 187 cm3, P= 0.001; Power= 1.00; Figure 4A).

The TPs had 17 and 18% lower SAT than the controls in
the dominant (255 ± 33 vs. 310 ± 33 cm3, P = 0.134) and
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FIGURE 3 | Axial T1-weighted in-phase non-fat saturated magnetic

resonance images at the level of the mid-arm, illustrating the subcutaneous

adipose tissue of (A) a child tennis player and (B) an inactive child (weight 35.6

vs. 41.7 kg, height 148.1 vs. 147.5 cm, age 11.0 vs. 10.2 years, respectively,

both Tanner stage 2), matched for height and age. Top, gray-scale images;

bottom, corresponding analyzed images (in red, the subcutaneous adipose

tissue) (Supplementary Material).

non-dominant arms (249 ± 30 vs. 306 ± 30 cm3, P = 0.106),
respectively (Figure 4B). The post-hoc statistical power for these
differences was 0.24–0.28.

The TPs presented a different distribution of SAT compared to
controls. The abdomen/arms ratio was 40.8% lower than controls
(3.4± 0.3 vs. 5.7± 0.3 cm3, in the TPs and controls, respectively,
P = 0.001, power= 1.00; Figure 4C).

TABLE 1 | Physical characteristics of the tennis players and inactive controls.

Children

Tennis (n = 7) Controls (n = 7)

Mean ± SD Mean ± SD

Age (years) 10.9 ± 0.7 10.9 ± 0.6

Height (cm) 147.3 ± 5.5 147.3 ± 5.1

Weight (Kg) 37.4 ± 6.2 42.1 ± 4.5

BMI (Kg/m2) 17.1 ± 1.9 19.4 ± 2.2

When the volume of SAT of the dominant arm was compared
with the contralateral arm into each group, no significant
differences were observed in either group (2.0 ± 2.5 and 0.39 ±

2.5 in TP and controls, respectively, P = 0.212, power= 0.10).

DISCUSSION

In the present study, the TPs had 48% lower SATv in the
abdominal region and 17–18% lower SATv in upper arms
compared to height-matched inactive healthy children. The
abdomen/arms ratio was substantially lower in TPs, supporting
regional differences in fat storage associated with the practice of
tennis in prepubertal children. The fact that no SAT differences
were observed between dominant and non-dominant arms in
either group (SAT asymmetry) is compatible with preferential
utilization of SAT from the abdominal region than from the
upper arms in TPs.

Excessive accumulation of SAT in the abdominal region has
been associated with a higher risk of metabolic and coronary
diseases in pubertal age (4, 40, 41). It has been proposed
that targeting the abdominal SAT with exercise training might
help reducing abdominal SAT, and therefore, this could be an
interesting clinical goal in children and adolescents (42). To the
extent of our knowledge, few studies had investigated the effects
of exercise training on abdominal SAT depots in children using
state of the art technology, all them in obese (27, 43, 44). In
a pioneer study using MRI, Owens et al. (27) observed that 16
weeks of playing games combined with exercises on machines
(40min each training session, at 70–75% of maximal heart rate,
5 sessions per week) did not decrease significantly (1%) the
abdominal SAT in children 7–10 years old. In children of similar
age studied by Davis et al. (43) with MRI, abdominal SAT
decreased 6–9% after 13 weeks of aerobic training (20–40min per
training session, 5 sessions per week). Also using MRI, similar
improvements in abdominal SAT (3–10%) have been reported
in obese adolescents after varied exercise training programs of
different durations (26, 45, 46). The large difference in abdominal
SAT between our TPs and their control counterparts observed
here suggests that long-term tennis playing may be an excellent
stimulus to prevent or reduce abdominal SAT accumulation. This
concurs with a recent study indicating that active lifestyles but not
a short-term training intervention elevate mitochondrial content
and oxidative markers in abdominal SAT (47).

A previous study using DXA in children TPs and controls,
who had anthropometric characteristics and age similar to
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FIGURE 4 | Volume of subcutaneous adipose tissue in tennis players and inactive controls (A) in the abdominal region, (B) in the upper arms, (C) in the ratio

abdomen/arms. Error bars represent the standard error of mean.

those participating in the present study, showed that the
TPs that started in tennis before puberty had lower total
body fat compared to age-matched inactive counterparts with
normal weight (8, 9). Interestingly, the difference in total
body fat observed in the cited study was much lower than
the difference in abdominal SAT reported here (23 vs. 48%,
respectively) (9). This highlights the plasticity that abdominal
SAT has compared to other fat depots in response to
regular exercise.

It is well-established that in the general population total
body SAT increases from prepuberty to adolescence; however,
abdominal SAT remains stable in the transition from pre-to-
puberty (28). It has been suggested that during this transition
period SAT is growing in other areas different than the abdominal
region, i.e., the extremities (48). Our results support this
hypothesis and suggest a preferential mobilization of SAT from
the abdominal region than from the upper arms in young TPs
who are starting sexual maturation (10–12 years old, Tanner
stage 2).

The literature about whether exercising a specific part of
the body may elicit a local loss of SAT (spot reduction) is
scarce and conflicting (11–16, 21). Regional specificity in the
lipolytic response to exercise may be due to differences in the
distribution of adrenergic receptors between adipose areas (49).
Our study shows for the first time using MRI that despite
the high amount of exercise performed by the dominant arm,
playing tennis does not elicit a differential adaptation in the
volume of SAT compared to the contralateral arm, in young
TPs. This concurs with a pioneer study using MRI showing
spot reductions in the upper extremity did not occur as a result
of unilateral resistance training in adults (16). On the other
hand, our findings are also in agreement with physiological
studies analyzing the adaptations in the SAT close to the working
muscles. These studies indicate that the SAT does not appear

to be used to supply energy substrates to the neighboring
muscles (50, 51).

The present study should be interpreted with caution since
it was conducted in a small sample of TPs and controls. The
absence of significant differences in the upper arms was probably
due to the small sample size. However, the differences found
in the abdominal region and the ratio abdomen/arms were
consistent and observed in children that have been practicing
competitive tennis for an average of 5 years. The participants in
our study had similar anthropometric characteristics compared
to the general population of Gran Canaria matched for age and
sex (31). Nevertheless, we cannot rule out differences due to
the potential influence of genetic, nutritional, or environmental
factors on SATv stores (28). Another limitation is that pubertal
staging may have been biased by parents assessment (52). Due
to the small amount of SATv in the TPs, it was not possible
to distinguish deep from superficial SATv. Deep SAT has been
associated with metabolic abnormalities (53) and should be
examined in future studies.

In conclusion, the present study shows that long-term tennis
playing during childhood is associated with a lower accumulation
of SATv in the abdominal region compared to age- and height-
matched healthy inactive children. These differences were higher
in the abdomen than in upper arms suggesting a preferential
utilization of SAT from the abdominal region in the TPs. Finally,
this study shows that no spot-reductions in SATv occur in the
dominant compared to the non-dominant arm of TPs despite
vast differences in loading.
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