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Abstract. Total and regional bone mineral content (BMC)
as well as lean and fat mass were measured in nine male
professional tennis players (TPs) and 17 nonactive subjects;
dual-energy X-ray absorptiometry (DXA) was used for
measuring. The mean (±SD) age, body mass, and height
were 26 ± 6 and 24 ± 3 years, 77 ± 10 and 74 ± 9 kg, and
180 ± 6 and 178 ± 6 cm for the TP and thecontrol group
(CG), respectively. The whole body composition for BMC,
lean mass, and fat of the TP was similar to that observed in
the CG. The tissue composition of the arms and legs was
determined from the regional analysis of the whole-body
DXA scan. The arm region included the hand, forearm, and
arm, and was separated from the trunk by an inclined line
crossing the scapulo-humeral joint. In the TP, the arm tissue
mass (BMC + fat + lean mass) was about 20% greater in the
dominant compared with the contralateral arm because of a
greater lean (3772 ± 500 versus 3148 ± 380 g,P < 0.001)
and BMC (229.0 ± 43.5 versus 188.2 ± 31.9 g,P < 0.001).
In contrast, no significant differences were observed either
in BMC or BMD between arms in the CG. Total mass, lean
mass, and BMC were greater in the dominant arm of the TP
than in the CG (allP < 0.05). In the TP, BMD was similar
in both legs whereas in the CG, BMD was greater in the
right leg. Lumbar spine (L2–L4) BMD, adjusted for body
mass and height, was 15% greater in the TP than in the CG
(P < 0.05). Femoral neck BMDs (femoral neck, Ward’s
triangle, greater trochanter, and intertrochanteric regions)
adjusted for body mass and height were 10–15% greater in
the TP (allP < 0.05). Ward’s triangle BMD was correlated
with the maximal leg extension isometric strength (r4
0.77, P < 0.05) even when adjusted for body mass (r4
0.76, P < 0.05) and height (r4 0.77, P < 0.05). In sum-
mary, the participation in tennis is associated with increased
BMD in the lumbar spine and femoral neck. These results
may have implications for devising exercise strategies in
young and middle-aged persons to prevent involutional os-
teoporosis later in life.
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Bone tissue, much like muscle, shows a high plasticity and
through a continuous modeling and remodeling adapts to
meet the strain demands that may be imposed by either
external or internal forces [1–3]. It has been documented
that immobilization and weightlessness are associated with
a decrease in bone mass, osteopenia, and in extreme cases,

lead to osteoporosis with an increased risk of fractures [3–
5]. Conversely, most cross-sectional [6–14] and longitudi-
nal studies [15, 17] have demonstrated that physical exer-
cise is associated with an increased bone mineral content
(BMC) and bone mineral density (BMD), although some
have failed to establish such a relationship [9, 12, 16]. Still
others have even shown a decrease in some locations [13,
18–21]. These discrepancies may be due to differences in
the research methodology, exercise characteristics, or sub-
ject’s age, gender, nutrition, exercise compliance, and sports
history. Some of the controversy would be explicable after
considering the regions examined since the effects of both
physical activity and immobilization seem to be confined to
the areas submitted to either immobilization or mechanical
load [2, 7–9, 11, 13, 21, 22].

Even though some efforts have been made to determine
to what extent bone mass and bone density might be in-
creased by specific mechanical loading, questions regarding
the type, duration, and intensity of exercise as a loading
modality to enhance osteogenesis still remain unanswered.
The asymmetrical nature of tennis offers an interesting
model to study the adaptability of both the skeletal and the
soft tissue of the upper limbs to physical stress, using as a
control the nondominant arm. From earlier studies it has
been shown that BMC and BMD increase in the dominant
arm of tennis players (TP) of different ages and levels [7–9,
11, 14, 23–25]. Most of these earlier studies did not examine
the effects of tennis participation in other regions apart from
the arms.

Therefore, the two main purposes of this study were to
determine if long-term high-level tennis playing is associ-
ated with changes in the skeletal and soft tissues of the
limbs with special reference to the dominant and nondomi-
nant arm, as well as to assess the effects of the participation
in tennis on the BMD in the lumbar spine and femoral neck.
Another aim was to determine the relationship between lean
tissue mass and bone mass in both control sedentary sub-
jects and tennis players.

Materials and Methods

Subjects

Nine male TPs from the Canary Islands and 14 nonactive subjects
from the same Caucasian population participated in this study
which was approved by the ethical committee of the University of
Las Palmas de Gran Canaria. The exact nature and purpose of the
project was explained to all volunteers who then gave their in-
formed consent. All the TPs have been participating in profes-
sional or top level amateur tennis competitions during, at least the
last seventeen years (17 ± 6). The mean time they have been
spending on tennis training or competitions has been 25 ± 8 hours
per week. Subjects were ascribed to the sedentary or control groupCorrespondence to:J. A. L. Calbet
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only if they had not been participating in either a sport during at
least the last 5 years or any physically demanding work activity.

Body Composition and Bone Mass Assessment

Anthropometric measurements were taken first. Height was mea-
sured in the upright position to the nearest 1 mm (Atla´ntida, Añó
Sayol, Barcelona, Spain). Body mass was assessed using a balance
of a 50 g imprecision (Atla´ntida, Añó Sayol, Barcelona, Spain),
calibrated with M1 class calibration masses (tolerance < 0.005% in
mass). Thereafter, total and regional body composition was mea-
sured by dual-energy X-ray absorptiometry (DXA) (QDR-1500,
Hologic Corp., software version 7.10, Waltham, MA) as described
elsewhere [26]. The principle of DXA, as well as its validity and
reliability, have been described previously [27–30]. Body compo-
sition was analyzed assuming that the hydration of the lean body
mass is 73.2% and brain fat 17.0%. From the whole body scans,
the lean body mass (g), body fat (g), total area (cm2), and BMC (g)
were obtained. Bone mineral density (BMD; g/cm2) was calculated
from these measures using the formula BMD4 BMC/total area.
Additionally, total body scan subregions are reported. The arm
region included the hand, forearm, and arm, and was separated
from the trunk by an inclined line crossing the scapulo-humeral
joint, such that the humeral head was located in the arm region.
The leg region included the foot and the lower and upper leg, and
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 in
the lumbar spine and proximal femur of the left leg. The values for
femoral neck, Ward’s triangle, greater trochanter, and intertro-
chanteric regions are reported as well as L2–L4 from the antero-
posterior lumbar scan, by computing a mean BMD value for the
three lumbar vertebras analyzed. Fat-free lean mass was assumed
to be equivalent to muscle mass, but only in the limbs.

Reliability of DXA Tissue Composition and Bone
Area Assessment

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 (n4 9), is de-
picted in Table 1. Part of these data have been published previ-
ously [29].

Other Measurements

To assess the leg extension explosive strength, the jumping capac-
ity was measured in seven of the TPs. Testing sessions began with
a standardized self-conducted warm up for 20–30 minutes depend-
ing on their individual preferences. Next, each subject did vertical
jumps on a special platform. During the performance of the jumps,
the subjects were asked to keep their hands on their hips and to try
to minimize horizontal and lateral displacements. They were aware

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-
tention to reach knee bending angles of around 90° just before
impulsion. Jumping height was calculated from the flight time
which in turn was measured with a platform (Ergojump, Junghans
GMBH-Schramberg, BRD) provided with a digital timer (±0.001
seconds). The timer was triggered by the feet of the subject at the
moment of release from the platform and was stopped on touch-
down. The displacement of the center of gravity was obtained
assuming that the positions of the jumper on the platform were the
same during takeoff and landing [31]. The best of three attempts
was taken as the representative performance for each jump. These
measurements were only performed in the TPs.

In these seven TPs, maximal isometric strength during leg ex-
tension was also measured three times with a force plate (Kistler,
Winterthur, Switzerland) in the upright position with the knees
bent at a 90° angle, i.e., in the same position as for the squat jump.
Subjects pulled maximally against a weightlifting bar placed over
the shoulders and attached with two lateral chains to the floor
where the force plate was also fixed. The best force records of
three trials lasting 6 seconds are reported. These measurements
were only performed in the TPs.

Statistical Analysis

Descriptive statistics were run on all the variables to check for the
assumptions of normality and homocedasticity. Group differences
were evaluated using Student’s unpairedt-tests and differences
between sides were assessed using Student’s pairedt-test. Analysis
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
of BMD at the Ward’s triangle. The significance level was set at
P < 0.05 level and all data are presented as means ± standard
deviations.

Results

Whole Body and Limbs

Table 2 summarizes the anthropometric and whole body
composition data per group. The dominant arm was always
the right and the nondominant was always the left, in both
groups. No significant differences were observed between
the TPs and sedentary subjects in age, height, body mass,
BMC, total lean body mass, total body fat, and the percent-
age of body fat. It can be seen in Figure 1 that marked
differences existed between the dominant and the contralat-
eral arm in the TPs for BMC (229.0 ± 43.5 versus 188.2 ±

Table 1. Reliability of DXA regional analysis of tissue composi-
tion, as represented by the CV for repeated measures with repo-
sitioning in nine subjects

Variable
Right
arm

Left
arm

Right
leg

Left
leg

Total
body

BMC 2.9 3.5 1.1 1.7 0.4
Fat-free lean mass 2.5 3.3 1.8 1.1 1.0
Fat mass 5.4 7.5 4.7 5.8 3.1
Bone area 3.2 4.8 2.7 2.4 0.8
BMD 1.1 4.0 2.3 2.6 0.7

Table 2. Anthropometric and whole body composition variables

Variable
Tennis
players

Control
group P

Age (years) 26.2 ± 5.6 24.2 ± 2.8 NS
Height (cm) 180 ± 6 178 ± 7 NS
Total body mass

(kg) 77.3 ± 10.3 74.9 ± 9.4 NS
Total BMC (g) 3078 ± 476 2876 ± 383 NS
Total lean mass (g) 60,188 ± 5727 57,015 ± 5639 NS
Total body fat (g) 12,981 ± 6553 14,494 ± 5242 NS
% fat 16.5 ± 6.9 19.1 ± 5.1 NS
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31.9 g,P < 0.001), muscle mass (3772 ± 500 versus 3148 ±
380,P < 0.001), and whole mass (4977 ± 908 versus 4220
± 632, P < 0.001). Strikingly, the fat mass showed a trend
to be greater in the dominant arm (976 ± 567 versus 884 ±
467,P 4 0.09) but the percentage of fat was lower (18.7 ±
8.6 versus 20.3 ± 8.8%,P < 0.05). On the other hand, the
control group also showed a slightly greater muscle mass in
the dominant arm (3246 ± 421 versus 3093 ± 388 g,P <
0.01) but a lower fat mass (749 ± 274 versus 793 ± 278,P
< 0.05), with the percentage of fat also lower in the domi-
nant arm (17.7 ± 5.3 versus 19.2 ± 5.7,P < 0.01). In addi-
tion, the sedentary subjects showed similar BMC in both
arms (194 ± 33 versus 193 ± 32 g). When comparing the
arms between groups, total and lean mass, as well as BMC,
were greater in the dominant arm of the TPs (P < 0.05).

The area occupied by the osseous pixels was also greater
in the dominant arm of the TPs than in the contralateral arm
(261 ± 42 versus 229 ± 31 cm2, P < 0.05) whereas no
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
was also greater in the dominant arm than in the contralat-
eral arm in both the TPs (0.874 ± 0.054 versus 0.821 ±
0.083 g/cm2, P < 0.05) and the control group (0.821 ± 0.087
versus 0.808 ± 0.088 g/cm2, P < 0.05). In addition, when
comparing BMD across groups, the TPs showed a trend to
a greater BMD in the dominant arm than the control group
(0.874 ± 0.5 and 0.821 ± 0.087 g/cm2, respectively,P 4
0.1). Nevertheless, no significant differences in BMD were
observed between groups for the left arm, left leg, and right
leg.

The BMC of the dominant arm was correlated with their
respective muscle mass and total mass in the TPs (r4 0.76,
P < 0.05; and r4 0.83,P < 0.01, respectively) as well as

in the sedentary subjects (r4 0.86 and r4 0.86, respec-
tively, bothP < 0.001).

Minor asymmetries were also observed at the leg level in
the TPs as well as in the control group (Figs. 1 and 2). In the
TPs, the right leg was slightly heavier than the left leg
(13,236 ± 1779 versus 13,033 ± 1826 g,P < 0.01) due to the
greater fat content of the right leg (2518 ± 1177 versus 2331
± 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 ± 1045,P < 0.05) whereas the total
mass and muscle mass, as well as the BMC, were similar in
both sides. In contrast, it was the left leg that showed the
highest BMD in the control group (1.426 ± 0.087 versus
1.398 ± 0.74 g/cm2, P < 0.05) but no differences in BMD
were observed between both legs in the TPs (1.426 ± 0.102
versus 1.439 ± 0.101 g/cm2; Fig. 2).

Lumbar Spine

The TPs had no significantly greater lumbar spine BMD
than the control subjects (1.25 ± 0.29 versus 1.09 ± 0.12
g/cm2, P 4 0.09; Fig. 3). However, when ANCOVA analy-
sis was performed correcting for differences in body mass
and height we saw that TPs have a significantly greater
BMD at the lumbar spine. No relationship was observed
between the mean lumbar BMD and maximal isometric
force or jumping power.

Femoral Neck

BMD measurements, obtained at the different sites of the
proximal femur, were about 11% greater in the TPs (Fig. 3).
However, the greatest difference was found in the trochan-
teric region (0.94 ± 0.11 versus 0.80 ± 0.07 g/cm2, P <
0.001) which represented 15% greater BMD in the left leg
of the TPs compared with the left leg of the control subjects.
A high correlation was observed in the tennis group be-
tween the whole BMC of the left leg and the BMD of the
greater trochanter, Ward’s triangle, femoral neck, and in-
tertrochanteric region (r4 0.94, r4 0.85, r4 0.84, r4
0.84, respectively, allP < 0.01). In contrast, the relationship
between the whole BMC of the left leg and the femoral

Fig. 1. Limb’s composition in professional tennis players and sed-
entary subjects (control group). Values are means ± SEM (vertical
bars). *P < 0.05.

Fig. 2. BMD of limbs in professional tennis players and sedentary
subjects (control group). Values are means ± SEM (horizontal
bars). *P < 0.05.
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BMD was weaker in the sedentary subjects, with significant
values only for the femoral neck (r4 0.62,P < 0.05) and
the intertrochanteric region (r4 0.61,P < 0.05).

In the TPs, the closest relationship between the left leg
muscle mass and femoral BMD was obtained with the
Ward’s triangle region (r4 0.79, P < 0.05; Fig. 4). In
addition, only the Ward’s triangle BMD was correlated with
the maximal isometric force (r4 0.77,P < 0.05; Fig. 4).
Further, this correlation was also significant after adjusting
it for body mass (r4 0.76,P < 0.05) and height (r4 0.77,
P < 0.05). The total BMC in both legs showed a nonsignif-
icant correlation with the maximal isometric strength (r4
0.68,P 4 0.09) when adjusted for body mass. No relation-
ship was observed between the jumping performance and
BMD measured at the different femoral sites, nor was there
any correlation between jumping performance and BMC
nor BMD of the legs. However, when both the maximal
isometric leg extension strength and muscle mass of the left
leg were included as independent variables in a multiple
regression model to predict the whole BMC of the left leg,
only the muscle mass was accepted in the equation even
when adjusting for differences in body mass and height.
Lastly, maximal isometric force was a better predictor of
Ward’s triangle BMD than muscle mass, as shown by mul-
tiple regression analysis. Thus, maximal isometric force ex-
plained 49% of the variability in BMD at the Ward’s tri-
angle in the TPs.

Discussion

This study shows that the marked arm asymmetry usually
seen in professional TPs is due to the existence of about
20% more BMC and muscle mass in the dominant than in
the contralateral arm. In addition, it has been demonstrated
that professional TPs have about 11% greater BMD at the
femoral neck and nearly 15% more BMD at the lumbar
spine than the sedentary subjects of the same population.

These results add further evidence to the regional speci-
ficity of the human bone tissue response to mechanical
overloading [1, 2, 22]. The greater BMC observed in the
dominant arm of the TPs can only be explained as an adap-

tive response to the mechanical load imposed by the par-
ticipation in this sport since the environmental, nutritional,
genetic, and neuro-humoral variables which influence bone
remodeling [4, 5] can be considered similar for both arms of
the same subject. This finding concords with earlier studies
in TPs that were carried out at the radius bone, most of them
with single photon absorptiometry [7–9, 17, 24].

With respect to the factors that might evoke an increase
in BMC, it would seem that the type, intensity, and duration
of muscle contractions, as well as the amount of muscle
hypertrophy elicited, play an important role. For example, it
has been well documented that bone tissue responds to the
mechanical forces acting upon it [32, 33]. Nevertheless, it
appears that to increase BMC, high impact or weight-
bearing activity is necessary since several studies have
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 decreased
values of BMC and BMD compared with those observed in
sedentary subjects [12, 13]. Conversely, volleyball players
and weightlifters show the highest levels of BMC [10, 12,
13, 34–36].

The area occupied by the osseous pixels was greater in
the dominant arm of the TPs than in the contralateral arm
whereas it was the same in the arms of the sedentary sub-
jects. These findings seem to be valid despite the impreci-
sion of the procedures used to determine the area occupied
by osseous pixels and BMD in the arms, even when allow-
ing for the small number of TPs included in the study.
Actually, to show an interarm difference of at least 6% in
BMC and BMD, a minimal sample of eight TPs would be
required, if thea andb errors were set at 0.05 for a CV of
5% and 4%, respectively, in determining the area occupied
by the osseous pixels and BMD. Accordingly, several stud-
ies have demonstrated that TPs have a wider cortical bone at
the distal radius [7, 37] and greater BMD in some bones of
the dominant arm [7, 8, 23, 24].

That bone hypertrophy plays a major role in the in-
creased BMC of the dominant arm in TPs is further sup-
ported by the fact that differences in BMC between TP and
control subjects were no longer significant after adjustment
for the bone areas of the dominant arm. However, bone
hypertrophy did not account for the overall increase in
BMC, as BMD was also greater in the dominant arm in both
the TP and control group. Therefore, it follows that the
mechanical stress elicited by the participation in tennis pro-
duces an increase in both the BMC and the BMD of the arm
which is similar to that observed in bones submitted to a
high impact force, such as the lumbar spine and femoral
neck of jumpers and weightlifters [12]. These changes in
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-
tential for a gain in BMC is greater in those subjects who
start the sport in the prepubertal years, as our subjects did.
Conversely, persons starting the sport later in life would be
unlikely to have the size benefit.

Physical requirements when playing tennis are mostly
anaerobic in nature entailing rapid accelerations and decel-
erations, with twisting components acting on the spine and
femoral neck which, in some circumstances, can produce
ground reaction forces 5–10 times a person’s body weight
[38]. Thus, it is likely that the forces generated during par-
ticipation in tennis could elicit cellular reactions which sub-
sequently activate osteogenesis not only in the bones of the
dominant arm but also in the spine and leg bones. In fact,

Fig. 3. Lumbar spine (L2–L4) and femoral neck BMD in profes-
sional tennis players and sedentary subjects (control group). Val-
ues are means ± SEM (horizontal bars). *P < 0.05.
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this study demonstrates that TPs have a notably greater
BMD in the femoral neck and lumbar spine compared with
the sedentary subjects of the same population. Moreover,
BMD showed a tendency to be greater in the left leg than in
the right suggesting that the left leg supports more mechani-
cal stress, perhaps due to its role in counterbalancing the
rotational torques generated when hitting the ball with the
right arm. Despite the fact that the increase in BMD at the
lumbar spine and femoral neck sites may seem small (10–
15%), it must be emphasized that this gain in BMD is simi-
lar in magnitude to that observed in subjects engaged in
other weight-bearing sports [10, 12, 13] but lower than the
40–50% increase reported in the forearm bones of weight-
lifters [34]. Therefore, tennis seems as efficient as other
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 preventive
activity, however, inasmuch as the torques that can be gen-
erated may be strong enough to cause vertebral deformities
in persons with low BMD at the spine, tennis is not recom-
mended for people at risk of either vertebral or femoral
fractures.

In both the TPs and the sedentary subjects, the muscle
mass was increased in the dominant arm. However, the
interarm difference was much greater in the TPs (∼20%)
than in the control group (∼5%). Thus, another factor that
might be associated with the high BMC in the dominant arm
of the TPs is the increased muscle and total mass of the arm,
since several studies have reported that whole body BMC is
correlated with whole body lean tissue mass, whereas re-
gional lean mass correlates with both regional BMC and
regional BMD [35, 39]. In this regard, when an ANCOVA
was performed with the muscle mass of the dominant arm as
covariate, the differences in BMC between TP and control
subjects disappeared. The relevance of regional muscle
mass as a predictive variable for regional BMC is further
supported by the fact that the left leg muscle mass was
better as a predictive variable for the left leg BMC than the
maximal isometric leg extension strength, as shown by mul-
tiple regression analysis even after correcting for differ-
ences in body mass and height.

Nonetheless, BMD at Ward’s triangle was positively
correlated with the maximal isometric leg extension
strength but not with the dynamic strength, measured as the
maximal jumping height. Similar correlations between local
BMD and local muscle strength have been previously re-
ported [25, 35, 40, 41]. Additionally, our results indicate
that maximal isometric leg extension force is a better pre-
dictor of Ward’s triangle BMD than leg muscle mass and

explains 49% of the variability in BMD at the Ward’s tri-
angle among TPs.

In summary, this study shows that professional TPs have
a greater BMD in the lumbar spine and femoral neck than
their sedentary counterparts. The arm tissue mass is about
20% greater in the dominant than in the contralateral arm
due to a proportional increase of muscle and bone mass.
Long-term participation in tennis, beginning at prepubertal
years, is associated with increased BMD and bone hyper-
trophy in the dominant arm as compared with the contra-
lateral arm. Finally, our data suggest that, in the legs,
muscle mass is a better predictor of BMC than maximal
isometric strength, but maximal isometric strength might be
the most appropriate variable for predicting femoral BMD.

Acknowledgments.The authors wish to thank Jose Navarro del
Tuero and Jorge Cortadellas Izquierdo for their excellent technical
assistance and Margaret Hart for the revision of the English manu-
script. This study was funded by the University of Las Palmas de
Gran Canaria.

References

1. Lanyon LE (1984) Functional strain as a determinant for bone
remodeling. Calcif Tissue Int 36:S56–S61

2. Lanyon LE (1992) The success and failure of the adaptive
response to functional load bearing in averting bone fracture.
Bone 13:S17–S21

3. Wilmet E, Ismail AA, Heilporn A, Welreads D, Bergmann P
(1995) Longitudinal study of the bone mineral content and of
soft tissue composition after spinal cord section. Paraplegia
33:674–677

4. Riggs BL, Melton LJ III (1986) Involutional osteoporosis. N
Engl J Med 314:1676–1686

5. Raisz LG (1988) Local and systemic factors in the pathogen-
esis of osteoporosis. N Engl J Med 318:818–828

6. Nilsson BE, Westlin NE (1971) Bone density in athletes. Clin
Orthop 77:177–182

7. Montoye HJ, Smith EL, Fardon DF, Howley ET (1980) Bone
mineral in senior tennis players. Scand J Sport Sci 2:26–32

8. Huddlestone AL, Rockwell D, Kulund DN, Harrison RB
(1980) Bone mass in lifetime tennis players. J Am Med Assoc
244:1107–1109

9. Jacobson PC, Beaver W, Grubb SA, Taft TN, Talmage RV
(1984) Bone density in women: college athletes and older
athletic women. J Orthop Res 2:328–332

10. Block JE, Friedlander AL, Brooks GA, Steiger P (1989) De-
terminants of bone density among athletes engaged in weight-

Fig. 4. (A) Relationship between Ward’s tri-
angle BMD and the muscle mass of the left leg
in professional tennis players (n4 9). (B)
Relationship between Ward’s triangle BMD
and the maximal leg extension isometric
strength in professional tennis players
(n 4 7).

J. A. L. Calbet et al.: Bone Mass in Tennis Players 495



bearing and non-weight-bearing activity. J Appl Physiol 67:
1100–1105

11. Kannus P, Haapasalo H, Sankelo M, Sieva¨nen H, Pasanen M,
Heinonen A, Oja P, Vuori I (1995) Effect of starting age of
physical activity on bone mass in the dominant arm of tennis
and squash players. Ann Intern Med 123:27–31

12. Suominen H (1993) Bone mineral density and long-term ex-
ercise. An overview of cross-sectional athlete studies. Sports
Med 16:316–330

13. Sabo D, Reiter A, Pfeil J, Gussbacher A, Niethard FU (1996)
Modification of bone quality by extreme physical stress. Bone
density measurements in high-performance athletes using
dual-energy x-ray absorptiometry. Z Orthop Ihre Grenzgeb
134:1–6

14. Kannus P, Haapasalo H, Sieva¨nen H, Oja P, Vuori I (1994)
The site-specific effects of long-term unilateral activity on
bone mineral density and content. Bone 15:279–284

15. Dalsky GP, Stocke KS, Eshani AA, Slatopolsky E, Lee WC,
Birge SJ (1988) Weight-bearing exercise training and lumbar
bone mineral content in postmenopausal women. Ann Intern
Med 108:824–828

16. Gleeson PB, Protas EJ, Leblanc AD Schneiderm VS, Evans
HJ (1990) Effects of weight lifting on bone mineral density in
premenopausal women. J Bone Miner Res 5:153–158

17. Peterson SE, Peterson MD, Raymond G, Gilligan C, Checov-
ich M (1991) Muscular strength and bone density with weight
training in middle aged women. Med Sci Sports Exerc 23:
499–504

18. Bilanin JE, Blanchard MS, Russek-Cohen E (1989) Lower
vertebral bone density in male long distance runners. Med Sci
Sports Exerc 21:66–70

19. Michel BA, Bloch DA, Fries JF (1989) Weight-bearing exer-
cise, overexercise and lumbar bone density over age 50 years.
Arch Intern Med 149:2325–2329

20. Rico H, Revilla M, Hernandez ER, Go´mez-Castresana F, Villa
LF (1993) Bone mineral content and body composition in
postpubertal cyclist boys. Bone 14:93–95

21. Cuesta A, Revilla M, Villa LF, Herna´ndez ER, Rico H (1996)
Total and regional bone mineral content in Spanish profes-
sional ballet dancers. Calcif Tissue Int 58:150–154

22. Tommerup LJ, Raab DM, Crenshaw TD, Smith EL (1993)
Does weight-bearing exercise affect non-weight-bearing
bone? J Bone Miner Res 8:1053–1058

23. Jones HH, Priest JD, Hayes WC, Tichenor CC, Nagel DA
(1977) Humeral hypertrophy in response to exercise. J Bone
Joint Surg 59A:204–208

24. Pirnay F, Bodeux M, Crielaard J, Franchimont P (1987) Bone
mineral content and physical activity. Int J Sports Med 8:331–
335

25. Tsuji S, Tsunoda N, Yata H, Katsukawa F, Onishi S (1995)
Relation between grip strength and radial bone mineral den-
sity in young athletes. Arch Phys Med Rehabil 76:234–238
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