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Abstract. Total and regional bone mineral content (BMC) lead to osteoporosis with an increased risk of fractures [3—
as well as lean and fat mass were measured in nine mak. Conversely, most cross-sectional [6—14] and longitudi-
professional tennis players (TPs) and 17 nonactive subjectsal studies [15, 17] have demonstrated that physical exer-
dual-energy X-ray absorptiometry (DXA) was used for cise is associated with an increased bone mineral conten
measuring. The mean (£SD) age, body mass, and heigfBMC) and bone mineral density (BMD), although some
were B £ 6 and 24 + 3 years, 77 + 10 and £ 9 kg, and  have failed to establish such a relationship [9, 12, 16]. Still
180 + 6 and 178 £ 6 cm for the TP and thentrol group  others have even shown a decrease in some locations [13
(CG), respectively. The whole body composition for BMC, 18-21]. These discrepancies may be due to differences in
lean mass, and fat of the TP was similar to that observed ithe research methodology, exercise characteristics, or sub
the CG. The tissue composition of the arms and legs wagect’s age, gender, nutrition, exercise compliance, and sports
determined from the regional analysis of the whole-bodyhistory. Some of the controversy would be explicable after
DXA scan. The arm region included the hand, forearm, anadtonsidering the regions examined since the effects of both
arm, and was separated from the trunk by an inclined lingohysical activity and immobilization seem to be confined to
crossing the scapulo-humeral joint. In the TP, the arm tissuéhe areas submitted to either immobilization or mechanical
mass (BMC + fat + lean mass) was about 20% greater in thiwad [2, 7-9, 11, 13, 21, 22].
dominant compared with the contralateral arm because of a Even though some efforts have been made to determine
greater lean (3772 + 500 versus 3148 + 380Pg; 0.001) to what extent bone mass and bone density might be in-
and BMC (229.0 + 43.5 versus 188.2 + 31.9R)< 0.001).  creased by specific mechanical loading, questions regarding
In contrast, no significant differences were observed eithethe type, duration, and intensity of exercise as a loading
in BMC or BMD between arms in the CG. Total mass, leanmodality to enhance osteogenesis still remain unanswered
mass, and BMC were greater in the dominant arm of the THhe asymmetrical nature of tennis offers an interesting
than in the CG (alP < 0.05). In the TP, BMD was similar model to study the adaptability of both the skeletal and the
in both legs whereas in the CG, BMD was greater in thesoft tissue of the upper limbs to physical stress, using as a
right leg. Lumbar spine (L2—-L4) BMD, adjusted for body control the nondominant arm. From earlier studies it has
mass and height, was 15% greater in the TP than in the CGeen shown that BMC and BMD increase in the dominant
(P < 0.05). Femoral neck BMDs (femoral neck, Ward’s arm of tennis players (TP) of different ages and levels [7-9,
triangle, greater trochanter, and intertrochanteric regions)1, 14, 23-25]. Most of these earlier studies did not examine
adjusted for body mass and height were 10-15% greater ithe effects of tennis participation in other regions apart from
the TP (allP < 0.05). Ward's triangle BMD was correlated the arms.
with the maximal leg extension isometric strength =r Therefore, the two main purposes of this study were to
0.77,P < 0.05) even when adjusted for body mass<r determine if long-term high-level tennis playing is associ-
0.76,P < 0.05) and height (= 0.77,P < 0.05). In sum- ated with changes in the skeletal and soft tissues of the
mary, the participation in tennis is associated with increasetimbs with special reference to the dominant and nondomi-
BMD in the lumbar spine and femoral neck. These resultsxant arm, as well as to assess the effects of the participatior
may have implications for devising exercise strategies irin tennis on the BMD in the lumbar spine and femoral neck.
young and middle-aged persons to prevent involutional osAnother aim was to determine the relationship between lean
teoporosis later in life. tissue mass and bone mass in both control sedentary sub
jects and tennis players.
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Osteoporosis — Tennis. Materials and Methods

Subjects

Bone tissue, much like muscle, shows a high plasticity andNine male TPs from the Canary Islands and 14 nonactive subjects
through a continuous modeling and remodeling adapts térom the same Caucasian population participated in this study
meet the strain demands that may be imposed by eithevhich was approved by the ethical committee of the University of
external or internal forces [1-3]. It has been documented-as Palmas de Gran Canaria. The exact nature and purpose of th
that immobilization and weightléssness are associated witBroiect was explained to all volunteers who then gave their in-

; ; ; ed consent. All the TPs have been participating in profes-
a decrease in bone mass, osteopenia, and in extreme ca ggr?al or top level amateur tennis competitions during, at least the

last seventeen years (17 + 6). The mean time they have beer
_— spending on tennis training or competitions has begt 8 hours
Correspondence tal. A. L. Calbet per week. Subjects were ascribed to the sedentary or control groug
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Table 1. Reliability of DXA regional analysis of tissue composi- Table 2. Anthropometric and whole body composition variables
tion, as represented by the CV for repeated measures with repo=

sitioning in nine subjects Tennis Control
Variable players group P
Right  Left Right Left  Total
Variable arm arm leg leg body Age (years) 26.2 5.6 24.2 + 2.8 NS
Height (cm) 180 + 6 178 + 7 NS
Fat-free lean mass 2.5 3.3 1.8 11 1.0 (kg) 773+ 10.3 749+ 9.4 NS
Fat mass 5.4 7.5 4.7 5.8 3.1 Total BMC (g) 3078 + 476 2876 + 383 NS
Bone area 3.2 4.8 2.7 2.4 0.8  Total lean mass (g) 60,188 +5727 57,015 +5639 NS
BMD 11 4.0 2.3 2.6 0.7 Total body fat (g) 12,981 +6553 14,494 +5242 NS
% fat 165+ 6.9 19.1+ 51 NS

only if they had not been participating in either a sport during at ) ) ] )
least the last 5 years or any physically demanding work activity.that the jumps had to be executed explosively to achieve maximum
height. Two kinds of jumps were performed: (1) a squatting jump
(SJ) beginning with knees bent at 90° and without counter-
movement, (2) counter-movement jumps (CMJs) beginning from
standing position with allowance for counter-movement, with in-

. i . tention to reach knee bending angles of around 90° just before
Anthropometric measurements were taken first. Height was meampy|sion. Jumping height was calculated from the flight time
sured in the upright position to the nearest 1 mm (Aida, AT \hich in turn was measured with a platform (Ergojump, Junghans
Sayol, Barcelona, Spain). Body mass was assessed using a balarsgigH-Schramberg, BRD) provided with a digital timer (+0.001
of a 50 g imprecision (Aflatida, ATO Sayol, Barcelona, Spain), = seconds). The timer was triggered by the feet of the subject at the
calibrated with M1 class calibration masses (tolerance < 0.005% ifoment of release from the platform and was stopped on touch-
mass). Thereafter, total and regional body composition was meajown. The displacement of the center of gravity was obtained
sured by dual-energy X-ray absorptiometry (DXA) (QDR-1500, 5355ming that the positions of the jumper on the platform were the
Hologic Corp., software version 7.10, Waltham, MA) as describedsame during takeoff and landing [31]. The best of three attempts
elsewhere [26]. The principle of DXA, as well as its validity and \ya5 taken as the representative performance for each jump. Thes
reliability, have been described previously [27-30]. Body compo-measurements were only performed in the TPs.

sition was analyzed assuming that the hydration of the lean body | these seven TPs, maximal isometric strength during leg ex-
mass is 73.2% and brain fat 17.0%. From the whole body scangensjon was also measured three times with a force plate (Kistler,
the lean body mass (g), body fat (g), total areafciand BMC () - winterthur, Switzerland) in the upright position with the knees
were obtained. Bone mineral density (BMD; gfywas calculated  pent at a 90° angle, i.e., in the same position as for the squat jump.
from these measures using the formula BMDBMC/total area.  gypjects pulled maximally against a weightlifting bar placed over
Additionally, total body scan subregions are reported. The a”glae shoulders and attached with two lateral chains to the floor
region included the hand, forearm, and arm, and was separat§fhere the force plate was also fixed. The best force records of

from the trunk by an inclined line crossing the scapulo-humerakpree trials lasting 6 seconds are reported. These measurement
joint, such that the humeral head was located in the arm reglorg\,ere only performed in the TPs.

The leg region included the foot and the lower and upper leg, an
was separated from the trunk by an inclined line passing just below
the pelvis, which bisected the femoral neck. _ .

Special examinations were carried out to measure bone mass %tatlsucal Analysis
the lumbar spine and proximal femur of the left leg. The values forDescriptive statistics were run on all the variables to check for the

femoral neck, Ward'’s triangle, greater trochanter, and intertro-

chanteric regions are reported as well as L2—L4 from the antero@SSumptions of normality and homocedasticity. Group differences

posterior lumbar scan, by computing a mean BMD value for the/Vere evaluated using Student’'s unpaiteéésts and differences

three lumbar vertebras analyzed. Fat-free lean mass was assu een sides were assessed using Student's péetieed Analysis
to be equivalent to muscle mass, but only in the limbs. of covariance (ANCOVA) was used to determine whether there

were significant differences between groups in BMD after adjust-
ing for body mass and height or local muscle mass. Finally, step-
wise multiple regression was used to determine the best predictor

Body Composition and Bone Mass Assessment

Reliability of DXA Tissue Composition and Bone of BMD at the Ward’s triangle. The significance level was set at
Area Assessment P < 0.05 level and all data are presented as means + standarc
deviations.

The laboratory precision error for the regional analysis of the

whole body scan, as defined by the coefficient of variation (CV)

for repeated measurements in young volunteers=(1®), is de-  Results
picted in Table 1. Part of these data have been published previ-

ously [29]. Whole Body and Limbs

Table 2 summarizes the anthropometric and whole body

Other Measurements composition data per group. The dominant arm was always
. _ I the right and the nondominant was always the left, in both

To assess the leg extension explosive strength, the jumping Capa@foups. No significant differences were observed between

ity was measured in seven of the TPs. Testing sessions began wi : : .
a standardized self-conducted warm up for 20—30 minutes depen e TPs and sedentary subjects in age, height, body mass

ing on their individual preferences. Next, each subject did verticaBMC. total lean body mass, total body fat, and the percent-

jumps on a special platform. During the performance of the jumpsage of body fat. It can be seen in Figure 1 that marked
the subjects were asked to keep their hands on their hips and to tgifferences existed between the dominant and the contralat-

to minimize horizontal and lateral displacements. They were awareral arm in the TPs for BMC (229.0 + 43.5 versus 188.2 +
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Minor asymmetries were also observed at the leg level in
[ Tenrispiavers I Teons piavers L= Genol [T Gk the TPs as well as in the control group (Figs. 1 and 2). In the

_ _ o ) _ TPs, the right leg was slightly heavier than the left leg
Fig. 1. Limb’s composition in professional tennis players and sed- 13,236 + 1779 versus 13,033 + 1826 0.01) due to the
entary subjects (control group). Values are means + SEM (verticayreater fat content of the right leg (2518 + 1177 versus 2331
bars). *P < 0.05. + 1070 g,P < 0.05). Nevertheless, only the fat mass was

slightly increased in the right leg of the control group (2998
+ 1120 versus 2856 = 104% < 0.05) whereas the total

mass and muscle mass, as well as the BMC, were similar in

%Oggz 8 8'001(;1gnn&uv\slﬁgemr?lzsss(3(zgz77i fog%ge\;:lrjssuglff; oth sides. In contrast, it was the left leg that showed the
*+ 632,P < 0.001). Strikingly, the fat mass showed a trend '%ggsi %'\45) '? %epcgratrggl) gl;o?p (loﬁf% + 0.087 I\3/t|\e/|rgus
to be greater in the dominant arm (976 + 567 versus 884 %v bse g g tw b t% | ut no tr; e_lr_le:)ncelsAlgs +0.102
467,P = 0.09) but the percentage of fat was lower (18.7 ere o fig’§+ Oeloien/&gF' egzgs in the TPs (1. -
8.6 versus 20.3 + 8.8%% < 0.05). On the other hand, the Versus L. - g/cmFig. 2).
control group also showed a slightly greater muscle mass in
the dominant arm (3246 + 421 versus 3093 + 38 g Lumbar Spi
0.01) but a lower fat mass (749 + 274 versus 793 + Zyg, -umparpine
< 0.05), with the percentage of fat also lower in the domi- N )
nant arm (17.7 + 5.3 versus 19.2 + 5< 0.01). In addi- The TPs had no significantly greater lumbar spine BMD
tion, the sedentary subjects showed similar BMC in boththan the control subjects (1.25 + 0.29 versus 1.09 + 0.12
arms (194 + 33 versus 193 + 32 g). When comparing th&/cnt, P = 0.09; Fig. 3). However, when ANCOVA analy-
arms between groups, total and lean mass, as well as BM@is was performed correcting for differences in body mass
were greater in the dominant arm of the TIPs< 0.05). and height we saw that TPs have a significantly greater

The area occupied by the osseous pixels was also greatBMD at the lumbar spine. No relationship was observed
in the dominant arm of the TPs than in the contralateral armPetween the mean lumbar BMD and maximal isometric
(261 + 42 versus 229 + 31 &nP < 0.05) whereas no force or jumping power.
significant differences were observed between bone areas of
the arms in the control group. However, bone hypertrophy
did not account for the overall increase in BMC, as BMD Femoral Neck
was also greater in the dominant arm than in the contralat-
eral arm in both the TPs (0.874 + 0.054 versus 0.821 iBMD measurements, obtained at the different sites of the
0.083 g/cr, P < 0.05) and the control group (0.821 + 0.087 proximal femur, were about 11% greater in the TPs (Fig. 3).
versus 0.808 + 0.088 g/cinP < 0.05). In addition, when However, the greatest difference was found in the trochan-
comparing BMD across groups, the TPs showed a trend tteric region (0.94 + 0.11 versus 0.80 + 0.07 gferR <
a greater BMD in the dominant arm than the control group0.001) which represented 15% greater BMD in the left leg
(0.874 + 0.5 and 0.821 + 0.087 g/énrespectivelyP = of the TPs compared with the left leg of the control subjects.
0.1). Nevertheless, no significant differences in BMD wereA high correlation was observed in the tennis group be-
observed between groups for the left arm, left leg, and rightween the whole BMC of the left leg and the BMD of the
leg. greater trochanter, Ward’s triangle, femoral neck, and in-

The BMC of the dominant arm was correlated with their tertrochanteric region (= 0.94, r= 0.85,r= 0.84, r =
respective muscle mass and total mass in the TRs@76, 0.84, respectively, al < 0.01). In contrast, the relationship
P < 0.05; and r= 0.83,P < 0.01, respectively) as well as between the whole BMC of the left leg and the femoral
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BMD (g - cm?) tive response to the mechanical load imposed by the par-
ticipation in this sport since the environmental, nutritional,
6oo 040 080 120 160 genetic, and neuro-humoral variables which influence bone
remodeling [4, 5] can be considered similar for both arms of
Lumbar the same subject. This finding concords with earlier studies
spine (L2-L4) —4_': in TPs that were carried out at the radius bone, most of them
with single photon absorptiometry [7-9, 17, 24].

Femoral

neck With respect to the factors that might evoke an increase

in BMC, it would seem that the type, intensity, and duration

— ;

*
Greater of muscle contractions, as well as the amount of muscle
Trochanther * hypertrophy elicited, play an important role. For example, it
Inter-trochanteric has been well documented that bone tissue responds to th
region * mechanical forces acting upon it [32, 33]. Nevertheless, it
appears that to increase BMC, high impact or weight-

_ﬁ*

\Wards bearing activity is necessary since several studies have
9 shown that swimmers and elite cyclists who perform a num-
ber of intense muscle contractions, which do not involve

— . — . impact or weight-bearing tasks, might even have decreasec
_ Tenm_s players Gontrol subjects _ values of BMC and BMD compared with those observed in
Fig. 3. Lumbar spine (L2-L4) and femoral neck BMD in profes- sedentary subjects [12, 13]. Conversely, volleyball players
sional tennis players and sedentary subjects (control group). Valynq weightlifters show the highest levels of BMC [10, 12,

ues are means * SEM (horizontal bardy. ¢ 0.05. 13, 34-36].
The area occupied by the osseous pixels was greater ir
the dominant arm of the TPs than in the contralateral arm

BMD was weaker in the sedentary subjects, with significantvhereas it was the same in the arms of the sedentary sub
values only for the femoral neck & 0.62,P < 0.05) and  Jects. These findings seem to be valid despite the impreci-
the intertrochanteric region (= 0.61,P < 0.05). sion of the procedures used to determine the area occupie«
In the TPs, the closest relationship between the left ledy 0sseous pixels and BMD in the arms, even when allow-
muscle mass and femoral BMD was obtained with thelng for the small number of TPs included in the study.
Ward’s triangle region (r= 0.79, P < 0.05; Fig. 4). In  Actually, to show an interarm difference of at least 6% in
addition, only the Ward'’s triangle BMD was correlated with BMC and BMD, a minimal sample of eight TPs would be
the maximal isometric force (= 0.77,P < 0.05; Fig. 4).  required, if thex and errors were set at 0.05 for a CV of
Further, this correlation was also significant after adjustings% and 4%, respectively, in determining the area occupied
it for body mass (r= 0.76,P < 0.05) and height (.= 0.77, by the osseous pixels and BMD. Accordingly, several stud-
P < 0.05). The total BMC in both legs showed a nonsignif-ies have demonstrated that TPs have a wider cortical bone a
icant correlation with the maximal isometric strength=<{r  the distal radius [7, 37] and greater BMD in some bones of
0.68,P = 0.09) when adjusted for body mass. No relation-the dominant arm [7, 8, 23, 24].
ship was observed between the jumping performance and That bone hypertrophy plays a major role in the in-
BMD measured at the different femoral sites, nor was therereased BMC of the dominant arm in TPs is further sup-
any correlation between jumping performance and BMCported by the fact that differences in BMC between TP and
nor BMD of the legs. However, when both the maximal control subjects were no longer significant after adjustment
isometric leg extension strength and muscle mass of the lefor the bone areas of the dominant arm. However, bone
leg were included as independent variables in a multiplenypertrophy did not account for the overall increase in
regression model to predict the whole BMC of the left leg, BMC, as BMD was also greater in the dominant arm in both
only the muscle mass was accepted in the equation evehe TP and control group. Therefore, it follows that the
when adjusting for differences in body mass and heightmechanical stress elicited by the participation in tennis pro-
Lastly, maximal isometric force was a better predictor ofduces an increase in both the BMC and the BMD of the arm
Ward'’s triangle BMD than muscle mass, as shown by mulwhich is similar to that observed in bones submitted to a
tiple regression analysis. Thus, maximal isometric force exhigh impact force, such as the lumbar spine and femoral
plained 49% of the variability in BMD at the Ward’s tri- neck of jumpers and weightlifters [12]. These changes in
angle in the TPs. bone size and density can be envisaged as an adaptive re
sponse, which probably began soon in life [11]. Accord-
ingly, Kannus et al. [11] have recently shown that the po-
Discussion tential for a gain in BMC is greater in those subjects who
start the sport in the prepubertal years, as our subjects did
This study shows that the marked arm asymmetry usuallfConversely, persons starting the sport later in life would be
seen in professional TPs is due to the existence of aboutnlikely to have the size benefit.
20% more BMC and muscle mass in the dominant than in  Physical requirements when playing tennis are mostly
the contralateral arm. In addition, it has been demonstratednaerobic in nature entailing rapid accelerations and decel-
that professional TPs have about 11% greater BMD at therations, with twisting components acting on the spine and
femoral neck and nearly 15% more BMD at the lumbarfemoral neck which, in some circumstances, can produce
spine than the sedentary subjects of the same populationground reaction forces 5-10 times a person’s body weight
These results add further evidence to the regional spec|[38]. Thus, it is likely that the forces generated during par-
ficity of the human bone tissue response to mechanicdicipation in tennis could elicit cellular reactions which sub-
overloading [1, 2, 22]. The greater BMC observed in thesequently activate osteogenesis not only in the bones of the
dominant arm of the TPs can only be explained as an adaglominant arm but also in the spine and leg bones. In fact,
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this study demonstrates that TPs have a notably greatexplains 49% of the variability in BMD at the Ward’s tri-
BMD in the femoral neck and lumbar spine compared withangle among TPs.

the sedentary subjects of the same population. Moreover, In summary, this study shows that professional TPs have
BMD showed a tendency to be greater in the left leg than ira greater BMD in the lumbar spine and femoral neck than
the right suggesting that the left leg supports more mechantheir sedentary counterparts. The arm tissue mass is abou
cal stress, perhaps due to its role in counterbalancing th20% greater in the dominant than in the contralateral arm
rotational torques generated when hitting the ball with thedue to a proportional increase of muscle and bone mass.
right arm. Despite the fact that the increase in BMD at theLong-term participation in tennis, beginning at prepubertal
lumbar spine and femoral neck sites may seem small (10years, is associated with increased BMD and bone hyper-
15%), it must be emphasized that this gain in BMD is simi-trophy in the dominant arm as compared with the contra-
lar in magnitude to that observed in subjects engaged itateral arm. Finally, our data suggest that, in the legs,
other weight-bearing sports [10, 12, 13] but lower than themuscle mass is a better predictor of BMC than maximal
40-50% increase reported in the forearm bones of weightisometric strength, but maximal isometric strength might be
lifters [34]. Therefore, tennis seems as efficient as othethe most appropriate variable for predicting femoral BMD.
weight-bearing sports in increasing BMD at clinically rel-

evant sites such as the femoral neck and the lumbar spine.

That is, tennis playing may be envisaged as a preventivrg
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