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The purpose of this study was to determine diﬀerences in bone mineral density (BMD) among adolescent female tennis players
(TPs) and nontennis players (NTPs) and to assess body composition as a predictor variable of BMD. Nineteen female TPs and
19 female NTPs, ages 14 to 18 years, participated in this study. Lumbar spine, total hip, femoral neck, forearms BMD, and body
composition were assessed using dual-energy X-ray absorptiometry (DXA). Lumbar spine and total hip BMD measurements
for TP were greater than NTP. However, these diﬀerences were not statistically significant (P = 0.37 and 0.12, resp.). TP had
significantly greater femoral neck BMD than NTPs (P = 0.02). This diﬀerence might play an important role in preventing
osteoporosis and decreasing the risk of fractures at the hip later in life.

1. Introduction

2. Materials and Methods

Osteoporosis is as a skeletal condition characterized by
loss of bone mineral density [1]. Approximately 10 million
Americans have osteoporosis and 80% of those are women
whereas 20% are men [2]. Peak bone mass (PBM) is a major
determinant of bone mass later in life and is attained during
the first two decades of life [3, 4]. Therefore, maximizing the
amount of bone gained during childhood and adolescence is
essential in preventing osteoporosis and decreasing the risk
of fractures later in life [5–9].
Physical activity is one of the most important factors
in increasing PBM and preventing osteoporosis [10]. When
examining the eﬀects of physical activity on bone mineral
density (BMD), type of exercise is important. Specifically,
weight bearing exercise is critical in increasing BMD. Most
tennis players have significantly greater bone mass and bone
area in their dominant arm compared to their nondominant
arm [4, 11–15]. However, most of these earlier studies
examined BMD of adult tennis players. The purpose of
this study was to determine diﬀerences in BMD among
adolescent female tennis players (TPs) and nontennis players
(NTPs).

2.1. Participants. Nineteen female TPs and 19 NTPs between
14 and 18 years of age participated in this study. Permission
to participate was obtained from parents and the adolescents
provided assent to participate. This study was performed
with the approval of The University of Mississippi’s Institutional Review Board. TPs were included in the study if
they had been playing tennis for a minimum of two years
and were playing at least three hours per week [11]. The
control group included female adolescents who did not
play tennis; however, they may have been involved in other
sports competitively or recreationally. All of the subjects
were healthy with no known diseases and were not receiving
medications known to eﬀect bone metabolism, such as,
corticosteroids.
Body mass index (BMI) plays an important role in BMD
[16, 17]; therefore, BMI of TPs and NTPs was matched. Race
is also a factor that may aﬀect BMD [2]. All TPs in this
study were Caucasians. Therefore, only Caucasian NTPs were
included in the control group.
2.2. Procedures. TPs were recruited from local high school
tennis teams and a local tennis academy, while the NTPs

2
were recruited from local high schools. A letter was sent
home with the potential participant giving information on
the methods of the study and that participants would need
parent’s permission to enroll in the study. Once complete,
participants were scheduled to come into the Bone Density
Laboratory where weight and height were measured using a
standard doctor’s scale. Total hip, AP lumbar spine, and both
forearms BMD and body composition were assessed using
a Hologic Delphi-W (Bedford, MA) DXA machine. The
forearm scans included the area of the radius and ulna and
wrist bones (carpals). The AP lumbar spine scans included
the vertebras L1 through L4. The nondominant hip of
participants was scanned. Tanner stages were assessed using a
questionnaire [18] that is related to the adolescent’s pubertal
status. Menstrual status was assessed by asking participants
if they had regular menstrual cycles and if they had ever
experienced amenorrhea. Participants who indicated that
they did not have regular menstrual cycles or experienced
amenorrhea were eliminated from the study. Physical activity
(PA) was assessed using the 7-day Physical Activity Recall
Questionnaire [19]. Participants were asked to recall physical
activities they engaged in during the previous seven days as
being either light (activities of daily living), moderate (active
but nonexhausting), or vigorous (made their heart beat
rapidly). They recorded only those activities and durations
that fell within the moderate or vigorous categories. A weekly
physical activity score was computed for each participant as
metabolic hours per week (MET hours/week) calculated by
multiplying the MET score for each moderate or vigorous
activity by the listed duration for each activity and then
summed across all seven days. Moderate activities were
assigned a MET value of 4 and vigorous activities a MET
value of 7 [20].
2.3. Statistical Analysis. One-way ANOVA was used to assess
diﬀerences between the groups for all BMD, body composition, and physical activity measurements. Multiple regression
analysis was used to determine the best predictor of BMD
amongst weight, total body lean mass, and total body fat
mass. Both Z scores and BMD raw scores were analyzed
to determine diﬀerences in spine and hip measurements
between the groups whereas only BMD raw scores were
used to obtain diﬀerences in forearms BMD since the DXA
software used for this study did not have the database of Z
scores for forearms. Significance level was set at α = 0.05 and
data were analyzed using SPSS version 18.0.

3. Results and Discussion
Participant characteristics are reported in Table 1. There
were no significant diﬀerences between the TP and NTP for
height, body mass, age, and Tanner Stages.
Results of BMD measurements for both groups are
summarized in Table 2. TP had significantly greater femoral
neck BMD than the NTP (P = 0.02 for Z scores and P = 0.02
for raw scores). Although TP had greater BMD for lumbar
spine and total hip measurements, these diﬀerences were not
statistically significant (P = 0.37 and 0.12, resp.). When total
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Table 1: Characteristics of participants.

Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2 )
Tanner stages (range)
Calcium intake
(servings/week)
Adequate calcium intake

Tennis players
(n = 19)
16.2 ± 1.1
164.6 ± 6.7
59.0 ± 7.3
21.8 ± 2.7
4-5

Nontennis players
(n = 19)
16.3 ± 1.5
165.0 ± 6.7
55.9 ± 6.5
20.5 ± 1.8
4-5

2.7 ± 0.9

2.7 ± 1.5

42%

32%

All values are means and standard deviations.

forearm BMD of the dominant arm and nondominant arm
was compared within each group, only TPs had statistically
significant diﬀerences indicating that dominant arm BMD
of the TPs was significantly greater than non-dominant arm
BMD (P < 0.001). In addition, a side-to-side comparison
between TPs and NTPs was not significant (F = 0.39, P =
0.53). However, a comparison of mean diﬀerences of distal
1/3 radius and ulna was compared between TPs and NTPs,
a significant diﬀerence was found (t = 2.03, P = 0.05). We
did not find a significant diﬀerence between the ULNA distal
region (P = 0.97).
Table 3 displays the mean results of body composition
variables for both groups. There were no significant differences for total body percent fat (P = 0.72), total body
lean mass (P = 0.07), and total body fat mass (P = 0.59)
between the groups. Regression analysis revealed that the
combination of the three independent variables (weight,
total fat mass, and total lean mass) significantly predicted
BMD at the femoral neck and total hip (P < 0.001, R2 = 0.38;
P = 0.03, R2 = 0.23, resp.) with lean mass being the best
predictor for both measurements.
Results of PA data and tennis playing history are summarized in Table 4. The diﬀerence in physical activity
between TP and NTP expressed as MET-hours/week did not
reach statistical significance (P = 0.24).

4. Discussion
This study assessed the diﬀerences in BMD between adolescent female TPs and NTPs who may have been involved
in sports other than tennis. To the best of our knowledge,
this is the first study to assess femoral BMD in adolescent
female TPs, which includes a physically active nontennis
playing control group. The NTP control groups in previous
studies have been sedentary. In the present study, 58% of
the control group participants were involved in other sports
competitively. The main finding of this study was that TPs
had significantly greater femoral neck BMD than NTPs,
even though the NTPs participated in significant amounts
of nontennis physical activity. This result supports previous
research findings suggesting that tennis players have significantly greater femoral neck BMD than controls [12, 21].
However, tennis players in the previous research were adult
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Table 2: Bone mineral density measurements of adolescent tennis players and nontennis players.
BMD (g/cm2 )

Tennis players
(n = 19)

Total body
Lumbar spine
Total hip
Femoral neck
Dominant arm
Nondominant arm

1.154 ± 0.07
1.011 ± 0.08
1.025 ± 0.08
0.900 ± 0.09∗
0.563 ± 0.05
0.553 ± 0.04

Nontennis
Percent diﬀerence§
Players (n = 19)
1.137 ± 0.09
1.418 ± 1.96
0.976 ± 0.12
0.820 ± 0.12
0.563 ± 0.05
0.557 ± 0.05

1.5
28.7
4.7
8.9
0
0.7

95% confidence interval of the diﬀerence
P
.530
.372
.140
.020
.971
.481

Lower
−0.037
−1.319
−0.017

0.013
−0.033
−0.034

Upper
0.070
0.505
0.116
0.146
0.032
0.025

Values other than percentages are means and standard deviations.
§ Percent diﬀerence between tennis and nontennis players.
∗ Tennis players significantly higher than controls (α = .05).

Table 3: Body composition measurements of adolescent tennis
players and nontennis players.
Tennis players
(n = 19)
Total body % fat
26.5 ± 5
Total body fat mass (kg)
15.5 ± 4.8
Total body lean mass (kg) 40.0 ± 4.4

Nontennis players
(n = 19)
27.1 ± 4.3
14.8 ± 3.2
37.4 ± 4.3

All values are means and standard deviations.
There was no significant diﬀerence found between TPs and NTPs.

Table 4: Results of 7-Day Physical Activity (PA) Questionnaire and
tennis playing history.

Physical activity (MET
hours/week)
Starting age for playing
tennis (yr)
Frequency of playing tennis
(days/wk)
Duration of each tennis
session (min)

Tennis players
(n = 19∗ )

Non tennis players
(n = 19)

53.3 ± 44.1

36.6 ± 40.7

10.8 ± 3.4

—

4.8 ± 1.2

—

83.6 ± 25.6

—

All values are means and standard deviations.
∗ n = 18 for MET hours/week due to one set of extreme scores.

male and female tennis players. Previous data have shown
that high-impact exercise, such as jumping, increases BMD
in the femoral neck [16]. Tennis requires mostly anaerobic,
rapid accelerations, and decelerations with twisting components and can produce ground reaction forces 5 to 10 times
a person’s body weight [22]. Nordstöm et al. [22] observed
that badminton players have significantly greater femoral
neck BMD than ice hockey players and controls and stated
that this diﬀerence might be due to the movements executed
in the sport. Badminton players are generally subjected to
short high-impact bursts when jumping and high strains
in unusual directions; during leg lunges forward and fast
direction changes from side to side. Furthermore, the ground
reaction forces created by a jump may be absorbed first in
the feet and joints of the lower extremities in which the

created high strains may be a powerful stimuli to increase
BMD. The same statement may be true for tennis players. In
fact, Nikander et al. (2005) found that female athletes who
were subjected to diﬀerent loading modalities had stronger
femoral neck measurements than those not performing these
modalities [23]. Again, in 2010, Nikander found that oddimpact exercises were significantly associated with a 20%
thicker cortex around the femoral neck [24]. Therefore,
it can be suggested that the movements of tennis playing
that produce great ground reaction forces might increase
BMD in the femoral neck. Although these cross-sectional
data do not allow us to quantify the minimum amount
of physical activity necessary to bring about increases in
BMD, it is worth noting that the tennis averaged 4.8
tennis sessions/week and 83.6 minutes/session. Thus, of the
53.3 MET hours per week of physical activity they engaged
in, 88% (46.8 MET hours/week) was accounted for by their
tennis playing. Whether lesser amounts of weekly tennis
playing cause favorable changes in BMD will need to be
examined in prospective investigations.
According to the National Osteoporosis Foundation [2]
297,000 osteoporosis related hip fractures occurred in the
United States in 2005. Furthermore, approximately 293,000
Americans aged 45 years and older were admitted to hospitals
with a fracture of the femoral neck in 2005. Developing high
femoral neck and total hip BMD by playing tennis during
teenage years might play an important role in osteoporosis
prevention and decreasing the risk of fractures at the hip later
in life.
In this study, there was no significant diﬀerence in
lumbar spine BMD between TPs and NTPs. Juzwiak et al.
[13] also observed no significant diﬀerences in lumbar
spine BMD between adolescent male TPs and controls.
However, Haapasalo et al. [3] reported that lumbar spine
BMD was significantly greater only in tennis players who
were at Tanner stages 4 and 5 compared to control group
participants who did not participate in sports. We did not
find a significantly greater spine BMD for TPs which may be
because participants of the NTP group were not sedentary
and were involved in activities that might aﬀect their spine
BMD. In the current study, all of the TPs and NTPs were
at Tanner stages 4 and 5. When the mean BMD values
for the lumbar spine in both studies are compared, TPs in
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the current study had greater values than the tennis players
of Haapasalo et al. [25] (0.980 g/cm2 versus 0.971 g/cm2
for Tanner Stage 4 and 1.045 g/cm2 versus 0.963 g/cm2 for
Tanner Stage 5, resp.). The NTPs in this study were as active
as TPs and also had higher mean BMD of the lumbar spine
when compared to the tennis players in the research of
Haapasalo et al. [3].
In the present study, there were no significant diﬀerences
between TPs and NTPs in forearms BMD. The diﬀerence
between the dominant arm BMD and the nondominant
arm BMD was significant only in TPs. This result supports
previous studies which report that side-to-side diﬀerences
were significantly greater in tennis players [3, 14, 25, 26].
Juzwiak et al. [13] found that adolescent male tennis
players have significantly higher lean body mass content
and lower fat mass than controls. In contrast, Calbet et al.
[12] observed no significant diﬀerences in body mass, total
lean body mass, total body fat, and the percentage of body
fat between tennis players and sedentary controls. In the
present study, there were no significant diﬀerences in fat
mass and lean body mass variables between the TPs and
NTPs. The diﬀerences from the previous studies might be
explained by gender. Data have shown that lean body mass
is greater in boys than girls, whereas fat mass is greater in
girls than boys in healthy children and adolescents [27].
Furthermore, in the present study, there were no significant
diﬀerences between the groups for the total minutes of
weekly PA, and NTPs had performed significantly greater
amounts of moderate PA than TPs. This may explain why
there were not significant diﬀerences between the groups
in body composition measurements. On the other hand,
researchers have suggested that in children, lean mass in
relation to body height (lean mass/height) should be assessed
since sole usage of age and sex specific charts for BMD limits
the clinical interpretation of DXA output, and the relation of
lean mass to height provides an understanding of the origin
of low BMD/age [17]. When lean mass was calculated related
to body height (lean mass/height) for this study, TPs had
significantly greater total body lean mass than NTPs (P =
0.02).
The results of the regression analysis are in agreement
with the results of the previous data. In the present study,
all of the independent variables were significant predictors
of BMD with lean mass being the best predictor among
the three independent variables. Previous studies have also
shown that lean mass is a significant predictor of BMD
in young females [16, 28–30]. The significant associations
between lean mass and BMD have been shown to be
performed during force generation by the muscle mass [13].
On the other hand, Seeman et al. [31] suggested that the
significant positive correlations between lean mass and BMD
could be explained by genetic determinants rather than
nongenetic factors.
It has been noted previously that adult tennis players have
greater femoral neck BMD than their inactive peers. Our
study extends this premise and shows that adolescent female
tennis players also have significantly greater femoral neck hip
BMD than adolescent female nontennis players who are as
physically active as tennis players. Osteoporosis prevention
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measures are aimed at women who already show the signs of
depleted bone mass [32, 33]. However, primary prevention
during childhood and adolescence is critically important
[33].
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