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KEYWORDS Summary

Bone Mineral Density; Background and aim. —Bone Mineral Density (BMD) and effects of exercise have been exten-
Ex-elite volleyball sively studied for prevention and treatment. However, little is known as what happens to body
players; composition, bone, and strength in a long period of time after quitting. The aim of this study
Sedentary women; was to compare BMD of ex-elite volleyball players (Ex-eVP) and sedentary women (SW) at the
Strength; age of 40 and over regarding to their body composition, muscle strength.

Body composition Materials and methods. — Thirty-three Ex-eVP and 33 sedentary women SW volunteers at the

ages of 40 and over participated in the present study. BMD was measured by Dual Energy X-Ray
Absorptiometry (DXA, Lunar Model DPX). Body composition compartments were obtained from
total body scans. Takei Physical Fitness Test Dynamometers were used to measure subjects’ leg,
back and hand grip static strength.

Results. — Findings revealed that all sites of BMD values of ex-eVP (except for distal fore-
arm values) were higher than that of SW. Body composition were examined in part, body
weight of ex-eVP (67.9 +8.3kg) were not significantly higher than SW (65.2+9.2kg), and
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1. Introduction

lean body mass were significantly higher (41.59 +4.96 P<0.01) than SW (37.80 & 3.46) in their
older ages. Gained bone mass remained higher significantly (P<0.01) at major sites for total
body scan of leg and regional body scan of L;.4, in Ex-eVP (1.247+0.170 and 1.217+0.118
respectively) than SW (1.1404+0.132 and 1.144+0.092 respectively) (Fig. 2). There was no
significant difference in any of the left or right/dominant or non-dominant forearm and hip
BMD values. Ex-eVP’s static back, leg, left hand grip and right-hand grip strength (64.7 +11.7;
107.6 +27.2; 28.0+3.4 P<0.001 and 29.3 +£4.3 P<0.01 respectively) were significantly higher
than that of SW (51.8+12.1; 81.4+25.0; 24.2+3.6 P<0.001 and 25.6 4.3 P<0.01 respec-
tively) (Fig. 3). There was a significant but low relationship between Total Body BMD with FW
for ex-eVP and total subjects (r=0.369 and 0.311 P<0.05 respectively).

Conclusion. — Playing volleyball at young ages helps to prevent osteoporosis and/or reverse
bone loss, due to the possibilities of having less age-related bone loss and/or/both achieved
higher peak bone mass than that of the sedentaries, notwithstanding age-related bone loss.

© 2018 Elsevier Masson SAS. All rights reserved.

Résumé

Objectif. — Les effets de Uexercice sur la densité minérale osseuse (DMO) ont été largement
étudiés en termes de prévention et de soins. Toutefois, on connait mal les effets d’une longue
période d’arrét sur la composition corporelle, les os et la force de ces athlétes. Le but de cette
étude est de comparer la DMO, la force et la composition corporelle d’anciennes joueuses
d’élite de volleyball et de femmes sédentaires (FS) de 40 ans et plus.

Matériel et méthodes. — Trentre-trois anciennes joueuses d’élite de volleyball (JEVB) et 33
volontaires FS ont participé a cette étude. La DMO a été mesurée par absorptiométrie bipho-
tonique (DEXA), qui donnait aussi la mesure des compartiments corporels. Des dynamomeétres
Takei ont été utilisés pour mesurer la force statique des jambes, du dos et de la poignée des
volontaires.

Résultats. — Les résultats de l’étude ont montré que toutes les évaluations de la DMO (a
’exception des valeurs distales des avant-bras) des anciennes joueuses étaient plus hautes que
celles des FS. Il y avait des corrélations signicatives et non significatives entre la composition
corporelle et les sites de la DMO.

Conclusion. — Jouer au volleyball a un jeune age aide a prévenir I’ostéoporose et/ou a inverser
la perte osseuse, en raison des possibilités d’avoir moins de perte osseuse liée a [’age et/ou
d’atteindre une masse osseuse maximale plus élevée que celle des sédentaires, malgré la perte
osseuse naturelle liée a I’age.

© 2018 Elsevier Masson SAS. Tous droits réserveés.

arisen out of the common assumptions that BC is associated
with bone mass [6,7]. There are also results about rela-
tionship between bone mass and strength of the adjacent

High BMD is a common result after long-term weight-bearing
activity in the early ages. In recent years, due to modern
lifestyle changes and lack or very low intensity of physi-
cal activity, the importance of maintaining skeletal health
has been increasing. Regular exercise in adolescence [1],
early adulthood [2] and premenopausal period [3] increases
peak bone mass. In addition to physical activity, different
body compartments provide mechanical loading and stress
on bones. The factors appear beneficial for enhancing bone
health in the early life particularly during the process of
growth and development to deposit bone mineral. Achieving
peak bone mass by using physical activity becomes impor-
tant to reduce bone loss with aging to protect age-related
loss in bone and muscle tissues. Regular exercise through-
out life, furthermore, prevents bone loss [4,5]. Moreover,
investigations of bone mass and body composition (BC) have

muscles [8,9].

Most of the cross sectional and longitudinal studies
answered the question of what happened after the pre-
determined exercise protocols or sports branches with
different age groups and menopausal status for women
[4,10—12]. Playing volleyball as a weight-bearing activity
imposes one of the highest impact and weight-bearing load
upon the axial skeleton and neck of the femur [6,13]. There
is a need to know more about the real benefits of spe-
cific exercises in order to select those that are effective
for optimizing bone mass and prevention of osteoporosis
and fracture risk at the level of the skeletal segments of
maximum interest, such as the lumbar spine and hip.

Findings examining the relationship of BMD and playing
volleyball were clearly determined. Volleyball players have
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higher BMD values than most of the weight-bearing athletes
and sedentary or controls at the specific bone sites [6,14].
However, after giving up intensive training of the competi-
tive athletes and having sedentary lifestyle is not answered.
For this reason, the purpose of the study is to compare bone
mineral density of ex-elite volleyball players and seden-
tary women at the later years of life and over regarding to
their BC, muscle strength and BMD. Furthermore, the study
was also designed to investigate the possible relationships
between body composition, strength and BMD.

2. Materials and methods

2.1. Subjects

Thirty-three ex-elite volleyball players (ex-eVP) and 33
sedentary women (SW) volunteers at the ages of 40 and
over were participated in the present study. The subjects’
sports participation asked via telephone if they participated
volleyball training (1st League and Turkish National Team
Volleyball Players) at least 8 hours/week and 4 years of
duration while they were at the young ages, plus they had
given up sports participation (regular training with at least
8 hours/week and 3 days/week any sport branches which

increase the heart rate and cause heavy sweating) The data
collected from the all ex-eVP who are achieved to obtain
their information and addresses and volunteer to partici-
pate for the study. SW volunteers did not participate in any
regular exercise program in their lifelong. The study car-
ried out in accordance with the World Medical Association
Declaration of Helsinki, covering the latest revision date.
Patient confidentiality protected according to the univer-
sally accepted guidelines and rules.

2.2. Data collection

The questionnaire was applied to the subjects before begin-
ning of the measurements to inquiry the retrospective
exercise/sports activity history [15]. Anthropometry, BMD
and strength measurements were taken respectively.

2.2.1. Anthropometric measurement

Height, body weight, and arm span were taken between the
08.00—10.00 am. Arm span was measured by using +0.1cm
sensitive gulickmeter. Body weight (BW) was measured using
+0.1 kg sensitive scale with the subject’s light clothing and
without shoes. Height (Ht) was measured to the +0.1cm
sensitive fixed-rod stadiometer with bare-foot.
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Figure 1
region (UD); e: lumbar contrast evaluation.

Bone mineral density measurements and analysis by DXA. a: total body scan; b: lumbar region; c: hip joint; d: forearm
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2.2.2. Bone Mineral Density (BMD) measurement

Dual Energy X-Ray Absorptiometry (DXA) (Lunar DPX Dual X-
Ray Absorptiometry) was used to measure BMD of total body
(arms, legs, trunk, and ribs), non-dominant and dominant
femur (neck, wards, trochanter, shaft, and total), domi-
nant and non-dominant distal part of radius (UD), lumbar
spine 1, 2, 3, 4 (L4, Ly, L3, L4 respectively) (Fig. 1). All the
measurements were taken at the medium mode. Body Fat
Percentage (BF%), Fat Weight (FW) and Lean Body Mass (LBM)
were obtained from total body scan by DXA.

2.2.3. Strength measurements

Static muscle strengths were measured by Takei Physical
Fitness Test Dynamometers. Grip, Leg and Back Strength
testing procedures were applied as described in Takei Fitness
Test Instructional Manual.

2.2.4. Statistical analysis of data

Physical parameters of ex-eVP and SW were compared by
using independent samples t test. BMD of ex-eVP and SW
were compared using MANOVA. MANOVA’s assumptions were
tested and there was no impediment to run MANOVA. All
the assumptions of MANOVA were satisfied. Pearson Prod-
uct Moment Correlation was also used to see the correlation
between BMD specific regions and related regions’ static
muscle strength and physical parameters of ex-eVP and SW.

3. Results

Thirty-three females ex-elite volleyball players (ex-eVP) and
33 sedentary women (SW) at the ages of 40 and over were
participated voluntarily in the study. The average age of the
ex-eVP was 46.7 £3.2 years ranging from 40 to 55 years
and 46.5+3.4 years ranging from 41 to 55 for SW. Ex-
eVP played volleyball for an average of 11.1 +5.0 years at
elite level ranging from 4 to 23 years and they trained at
least 8 hours/week at an average of 9.3 £ 1.8 hours/week.
Demographic data of the subjects participated in the
study are shown in the Table 1. Results showed that
ex-eVP were significantly taller (164.8 +7.5; 159.3+6.2
P<0.01 respectively). Their arm span/Ht ratio was signifi-
cantly lower (ratio=0.991+0.0195; ratio=1.0025 + 0.0271

Table 2 BMD of Ex-eVP (n=33) compared to SW (n=33).

BMD site Ex-eVP SW
Mean + SD Mean + SD

L 1.154+0.152 1.045+0.119
Lp® 1.223+0.149 1.115+0.126
L3 1.261+0.178 1.185+0.177
L4 1.250+0.197 1.140+0.155
Ly.4° 1.247+0.170 1.140+0.132
Right hip

Neck 0.973+0.130 0.941+0.102

Wards 0.853+0.148 0.808 +0.119

Trochanter 0.844+0.150 0.801+0.122

Shaft 1.197 +0.185 1.178 +£0.167

Total 1.013+0.153 0.977 +£0.128
Left hip

Neck 0.986 +0.141 0.933+0.106

Wards 0.869 +0.142 0.814+0.109

Trochanter 0.844+0.152 0.796 +£0.118

Shaft 1.208 +0.192 1.154+0.146

Total 1.017 +0.157 0.964+0.117
Total body scan

(regional)

Arms 0.856 +0.085 0.830+0.062

Legs® 1.217+0.118 1.144+0.092

Trunk® 0.960 + 0.088 0.917 +£0.072

Ribs? 0.715+0.075 0.680+0.058

Pelvis 1.114+0.093 1.077 +0.095

Spine 1.234+0.162 1.175+0.136

Total body 1.164+0.089 1.127+0.073
Hip and forearm

Right forearm (UD) 0.522 +0.058 0.520+0.058

Left forearm (UD) 0.515+0.057 0.517 +0.058

Dominant hip 1.010+0.151 0.977 +£0.128

(Total)

Non-dominant Hip 1.020+0.157 0.964+0.117

Total

Dominant forearm 0.523 +0.059 0.520+0.058

(UD)

Non-dominant 0.515+0.057 0.517 +0.058

forearm (UD)

Table 1  Physical Parameters of ex-eVP (n=33) compared
to SW (n=33).
Physical parameters  Ex-elite VP SW

Mean + SD Mean + SD
Age (years) 46.7 + 3.2 46.5 + 3.4
Height (cm)® 164.8 £ 7.5 159.3 + 6.2
Body Weight (kg) 67.9 + 8.3 65.2 +9.2
BMI (kg/m?) 25.1 + 3.1 25.8 + 4.0
Arm Span (cm) 163.3 + 8.1 159.6 + 7.2

Arm Span/Ht?

0.991 £ 0.0195

1.0025 £ 0.0271

Arm Span-Ht (cm)? —1.52 + 3.26 0.38 + 4.34
BF%? 36.7 £ 6.2 39.8 £ 5.7

LBM (kg)® 41.59 + 4.96 37.80 + 3.46
FW (kg) 24.59 + 6.06 25.62 + 6.64

a Significant at 0.05 level.
b Significant at 0.01 level.

a Significant at 0.05 level.
b Significant at 0.01 level.

P<0.05) than SW, whereas their arm span-Ht difference
was higher than SW group (difference=—-1.52 4+ 3.26; dif-
ference =0.38 +4.34 respectively). BF% of ex-e VP was also
significantly (36.7 +6.2; 39.8+5.7 P<0.05) lower and LBM
was higher significantly than that of SW (LBM =41.59 +4.96;
37.80+3.46 P<0.01) despite the fact that FW and BW was
not significantly different (FW=24.59 +6.06; 25.62 +6.64
P>0.05 and BW =67.9+ kg respectively) (Table 1).

BMD results of subjects are presented in Table 2. Although
all the Ex-eVP’s BMD values were higher than that of SW,
significant differences exist in Ly, Ly, Ly, Ly.4, legs, trunk,
and ribs (Fig. 2).

There was no significant difference in any of the forearm
and hip BMD values. In addition to that, except for left and
non-dominant forearm value, all the BMD results of the ex-
eVP are higher than that of SW (Table 2).
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Figure 2

Box-plot graphs for bone mineral density of L,—L4 and some major site comparisons by total body scan. Bone mineral

density means and sd of total body; L,—L4; total legs; total trunk; total ribs; total spine respectively. Ex-eVP=1.164 +0.089;
1.247 +0.170**; 1.217 £0.118**; 0.960 & 0.088*; 0.715 £ 0.075*; 1.234 £ 0.162. SW=1.127 +£0.073; 1.140 + 0.132**; 1.144 £ 0.092**;
0.917 £0.072%; 0.680 +0.058*; 1.175+0.136. *Significant at 0.05 level; **significant at 0.01 level.

As can be seen in Fig. 3, ex-eVP’s static back, leg, left
hand grip and right-hand grip strength were (P<0.001) sig-
nificantly higher than the SW.

In Table 3, the results obtained through Pearson product
moment correlations are given for ex-eVP and SW. The signif-
icant positive relationships between the variables for ex-eVP
were as follows; L,.4 — BMI, L., — Mean BMD of hip total,
mean BMD of hip total — BMI, mean BMD of hip total (dom-
inant) — BW, and mean BMD of Hip Total (non-dominant) —
BW. The significant positive relationships between the varia-
bles for SW were as follows; mean BMD of hip total — BMI,
BMD of hip total (dominant) — BW, BMD of hip total (non-
dominant) — BW, and mean BMD of hip total-arm span/Ht.
There is no significant relationship between BMD of L,.4 or
total body and arm span — Ht difference.

In Table 3, there were significant relationships between
Total Body BMD and BC in BMI of FW of SW and BMI of all sub-
jects (r=0.352 and 0.298 P <0.05 respectively). There were
also significant but low relationship between Total Body BMD
with FW of ex-eVP and total subjects (r=0.369 and 0.311
P<0.05 respectively). Another critical BMD point can be
seen there is no significant relationship between BMD of L;.4
and BC except significant low relationship (r=0.348) of BMI
of ex-eVP.

4. Discussion

Mechanical forces (physical activity and weight-bearing
exercise) through gravity or muscle pull are major factors in

bone modeling and remodeling maintaining bone mass and
strength [4,16,17]. Exercise has a beneficial effect on the
growing skeleton by acting to maximise peak bone mass.
Physical training and weight-bearing activity prevent or
reverse the involutional loss of bone with age [16,17]. Most
effective type of exercise, frequency and intensity must
be stated for different population characteristics in order
to use exercise for different purposes of achieving peak
bone mass, prevention and/or treatment for osteoporosis.
Many researchers concluded that intervention studies show
a positive effect of exercise on bone mass [5,18]. However,
conflicting results are also reported [19,20]. Notwithstand-
ing the above reported results, most of the cross sectional
studies show larger positive exercise effects on BMD [20,21].

Physical parameters of ex-eVP and those of SW results
showed that height of the ex-eVP (164.8 +7.5) was sig-
nificantly (P<0.01) higher than SW group (159.3+6.2).
Although, both groups’ BWs did not differ significantly
(P>0.05), ex-eVP (67.9 £+ 8.3) heavier than SW (65.2 +9.2).
Sleivert et al. [22] conducted a study to determine the
neuromuscular differences of volleyball players, middle dis-
tance runners and non-athletes. They found that volleyball
players were taller, and heavier than runners and non-
athletes. Fehling et al. [23] also found similar results for
young university athletes that volleyball players were sig-
nificantly taller and heavier than all gymnasts, swimmers,
and control group. Lee et al. [24] provided some informa-
tion about the physical characteristics of young athletes to
determine volleyball, basketball, soccer and swimming pro-
grams’ association with site-specific differences. In their
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Table 3  Correlation Coefficients between BMD and possible related variables.

Variables EX-EVP SW Zsubjects
(n=33) (n=33) (n=66)
L,.4 — Back strength 0.165 0.204 0.310°
Ly.4 — BMI 0.3482 0.059 0.151
L;-4 — Arm span —0.169 —0.039 —0.027
Ly.4 — Arm span/Ht —0.003 —0.023 —0.093
Ly.4 — Arm span-Ht —0.009 —0.030 —0.091
Total BMD — Arm span-Ht —0.018 0.268 0.065
UD (right) — Arm span-Ht —0.037 0.135 0.053
UD (left) — Arm span-Ht —0.022 0.125 0.065
BMD of leg (total body scan) — Leg strength 0.224 0.241 0.342°
Mean BMD of hip tTotal — Leg strength 0.140 0.208 0.221
Mean BMD of hip total — BMI 0.4392 0.569° 0.465°
Mean BMD of hip total — BW 0.389° 0.482° 0.441°
BMD of hip total (dominant) — BW 0.4102 0.518° 0.468°
BMD of hip total (non-dominant) — BW 0.365° 0.430? 0.406°
Mean BMD of hip total — Arm span/H 0.191 0.481° 0.276
Mean BMD of hip total — Arm span H 0.196 0.476° 0.2752
Total Body BMD — BMI 0.325 0.352° 0.2982
Total Body BMD — FW 0.369° 0.316 0.3112
Total Body BMD — LBM 0.077 0.163 0.189
BMD of Ly.4 — BMI 0.3482 0.059 0.151
BMD of Ly.4 — FW 0.320 0.069 0.162
BMD of Ly.4 — LBM 0.084 0.001 0.184

a Significant at 0.05 level.
b Significant at 0.01 level.

study, the results showed that, active volleyball players
were significantly taller and heavier than sedentaries. Vol-
leyball players were heavier than sedentary or controls in
their young active ages [23—25]. In addition, BMI values of
ex-eVP did not differ significantly from SW. The results of
the present study are in line with the results of Fehling [23]
and Alfredson [25] studies. In the Johnell’s [26] Medos Study,
there is no linear relationship between BMI and risk factor
for fracture, however, in the study, it was stated that BMI
of 26kg/m? or more (or a weight of over 70kg) was not
associated with a further decrease in fracture risk and a
significant threshold was found at a BMI of 26.2 (or weight
of over 70) that for each unit decrease in BMI, the fracture
risk increased. In the present study, the BMI results of ex-
eVP (25.1+3.1) and SW (25.8 +-4.0) did not fall at the risk
group values.

Whether or not, ex-eVP, have not significantly higher
BW, FW and and BMI, LBM of ex-eVP were significantly
higher (41.59 +4.96 kg) than that of SW (37.80=% kg) in their
older ages (Table 1). Similar results were obtained that
active volleyball players were heavier BW and LBM than
non-active female in the study of Alfredson [25] might
affect BMD as an impact loading in their young ages might
be the possible result of higher BMD. The end result sup-
ports that Ex-eVP’ previously achieved bone mass remains
higher BMD. Althougth ex-eVP gave up their active elite
level exercise period, the result of their sedentary life style
after their active intensive training period could make them
gained and age-related bone loss rate higher. They also
would have taken the advantage of high BMD along their
life.

Due to the fact that osteoporosis results in a reduction
of height and arm span remains unchanged, arm span-Ht
difference have been used to predict osteoporosis [27].
One of the findings of the present study was that the
arm span/Ht ratio (P=0.049) was significantly higher for
SW (1.0025 £ 0.0271) than ex-eVP (0.991 + 0.0195). In addi-
tion, their arm span-Ht difference significantly higher for
SW (0.379 +4.339) than that of the ex-eVP (—1.515+3.263
P<0.05). In spite of the findings, BMD of the SW was not
significantly higher in any of the BMD results of ex-eVP. In
contrast, significant difference was found in BMD of ex-eVP
in Ly, Ly, Ly, L4 @as compared to SW favoring the former
group. Therefore, according to the results it could be stated
that arm span/Ht or arm span-Ht difference was not the
marker of BMD. Although arm span was not significantly dif-
ferent in ex-eVP (163.3£8.1) it was still higher than that
of the SW (159.6 +7.2) (P=0.056). The result might be ex-
eVP had taller than SW significantly whereas their arm span
was not. Moreover, there was no significant high relationship
between BMD of total body, L,.4, UD (right and left), mean
hip total and arm span/Ht or arm span-Ht difference for
either group or all subjects. Arm span and Ht relationships
have been studied for vertebral deformities or fracture risks
for the postmenapausal women [28,29] and predict height
for clinical usage [29,30]. To state a relationship between
arm span/Ht rate or arm span-Ht difference and BMD needs
to be further analyzed with a larger group and different
population characteristics.

Despite the fact that BMD values of volleyball players and
sedentary controls at the younger ages are not known, the
results gave chance to compare the effects of the playing
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Figure 3  Static strength of the muscles; a. back and legs,
b. left and right-hand grips. a: means and sd of the back and
leg muscles respectively. Ex-e VP=64.7 +11.7; 107.6 +27.2;
SW=51.8+12.1; 81.44+25.0. b: means and sd of the left
and right-hand grip strength respectively; Ex-eVP =28,0+ 3,4;
29,3 +4,3. SW=24,2+3,6; 25,6 +4,3. *Significant at 0,01 level
**significant at 0.001 level.

volleyball. The findings of the present study showed that
ex-eVP had higher BMD values than SW. All the BMD results
(except non-dominant and left forearm) were higher than
SW provided that only Ly, Ly, L4, L;.4, legs, trunk, and ribs
were statistically significant in favour of the ex-eVP. This
could reflect systemic effects of exercise. Heinonen et al.

[9] and Suominen’s review [16] supported the results of the
present study.

Nichols et al. [31] gave BMD results of the young
volleyball, basketball, tennis players, and non-athletes
in the study. Nichols’ study [31] showed that young
volleyball players BMD values were higher than non-
athletes, other athletic group (except for basketball
players total hip value=1.226 +£0.075 and gymnasts arm
value =0.907 +0.065), ex-eVP and SW group of the present
study. Due to the fact that subjects of the Nichols’ study
[31] were active young volleyball players, whom of the
present study were not. For both studies, comparing the
results of the volleyball group with ex-eVP and sedentary
group with non-athlete groups’ L;.4, neck, total, leg, arm
bone density, not only young the volleyball players but
also the control group were higher in the young group
except arm site. Young volleyball players (1.197 £0.106)
and non-athletes (1.050+0.126) hip neck BMD results are
higher than ex-eVP (right hip neck=0.973 £0.130; left hip
neck=0.986 +0.141) and SW (right hip neck=0.941 +0.102;
left hip neck=0.933+0.106). Young volleyball play-
ers (1.221+0.044) and non-athletes (1.110£0.066)
total hip BMD results are higher than ex-eVP (BMD
of right hip total=1.013+0.153; BMD of left hip
total =1.017 £ 0.157) and SW (right hip total =0.977 +0.128;
left hip total=0.964+0.117). Total leg BMD values are
higher in young volleyball players (1.320+0.067) than SW
(1.144+£0.092) or non-athlete (1.147+0.090) group in
the Nichols study [31] and in the present study, however,
ex-eVP leg BMD value (1.217 £+ 0.118) was higher than young
non-athletes (1.147 £0.090). In addition to that results,
ex-eVP arm value (0.856 +0.085) was lower than Nichols
study’s [31] volleyball players (0.872+0.026), whereas
higher than young non-athlete group (0.807+0.051) of
Nichol’s study [31]. The result showed that the positive
effect of playing volleyball and the reason of the difference
may be the result of the age-related bone loss. In order to
compare the values of both groups in different studies by
giving details older group has age-related bone loss. The
present study showed a considerable result that arm BMD
value show a different result from the other site for the SW
(0.830+0.062), which is higher than young non-athletes
(0.807 £0.051). The reason could be the result of the
sample size or other factors effecting BMD values.

As the results showed the same findings, it could be
claimed that by playing volleyball, as a regular inten-
sive weight-bearing exercise, in adolescence and young
adulthood, one can achieve the higher peak bone mass
[6,7,14,23—25,31,32]. Although BMD of L4, L, L4, and L4 of
ex-eVP were significantly higher than SW, L3 was not signifi-
cantly different. This result was also in line with the Alfred-
son’s [25] study. He found out that, although the BMD of the
volleyball group was higher than that of the sedentary during
their active life, the bone loss also occurred in the volleyball
players group during their sedentary life. On the basis of the
above findings, Risser et al. [32] also found similar results
in that bone densities of lumbar spine (L;.4) were higher in
female volleyball and basketball players than control group;
these sports seem to place stress on the heel. In addition
to this studies Lee et al. [24] also supported the results of
the present study. They found that volleyball and basketball
players had significantly higher total body and lumbar values
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than sedentaries, and volleyball players’ neck of femur had
significantly higher values than sedentaries. There seemed
to be a consensus reached by Suominen [16] and Risser et al.
[32] in that positive relations between weight-bearing exer-
cise and BMD, they also stated in their study that, having
engaged in a continuous physical exercise for many years
reveals the effect of it on the BMD more clearly.

When we compare the BMD results of arms, pelvis, spine
of the two groups, they weren’t significantly different. It
should be noted that, ex-eVP’ total body BMD results were
higher although not statistically significant but still higher
than that of the SW. However, BMD of legs, trunk and ribs of
ex-eVP were significantly higher than that of the SW. Those
results were also supported by Alfredson [25] and Risser
et al. [32] for lumbar, Nichols, [31] for arm and leg; Lee,
[24] for the lumbar, arm, spine, leg, pelvis values, Fehling
[23] for lumbar, arms, legs, and pelvis.

Lee at al. [24] indicated that volleyball and basketball
players had significantly higher BMD of total body measure-
ments than that of sedentary. Lee at al. [24] concluded that
higher intensity activities involving multiple sites of impact
and weight-bearing movements throughout the skeleton
required for volleyball and basketball players may have
greater influence on total body bone density than the cycli-
cal loading of running that is specific to the lower limbs.
Those results were also in line with the findings of present
study. In that, BMD of total body measurements of volleyball
players were to be significantly different from non-athletic
group. In addition, Heinonen et al. [9] and Heinrich [33]
found out that active athletes had higher BMD and bone
mineral content than in control group. Another review con-
ducted by Gutin and Kasper [18] revealed that previously
active older people had higher BMD.

Although in all region analysis (except UD part of non-
dominant forearm and left forearm), BMD results of ex-eVP
were higher than those of the SW. Jacobsons study [34]
analyzed different adult age groups of athletes (20—40;
40—-55; 55—75 yrs old) and controls. The values of the
same age group between 40—55 years with the present
study, dominant arm (UD) of Ex-eVP (0.523 +0.059) and SW
(0.520 +0.058) are higher than that of the Jacobsons’ [34]
control group (0.406 +0.007) and athletes (0.4244-0.008)
in spite of that latter study adult group is active ath-
letes. BMD of lumbar spine of Jacobson study [34] athletes
(1.386 +0.053) and controls (1.252 +-0.021) had higher BMD
values than ex-eVP (1.247 +£0.170) and SW (1.140 +0.132).
Higher lumbar spine results in the active athletes in the
study of Jacobson [34] could be because of maintaining
active regular exercise program although much less rigorous
than that of the intercollegiate athletes.

It could be concluded that female volleyball players
seem to have less age-related bone loss or achieve higher
peak bone mass than that of the sedentaries based on the
results of the present study. However, in order to confirm
this conclusion, a longitudinal study must be conducted
comparing the age-related bone loss of ex-eVP and that
of SW and with different larger samples on a long-term
basis. In the present study, ex-eVP were no longer active,
whereas achieved higher peak bone mass at the younger
ages for the ex-elite volleyball players might behave like
a bank account. Although ex-eVP has age-related bone loss
whatsoever, they have higher BMD at the older ages. While

playing volleyball as a weight-bearing activity, high mechan-
ical loading that stresses the skeleton at the young ages is
the probable result of cause-effect relationship for the older
ages.

Most of the BMD result was significantly higher in ex-
eVP than that of SW. Although having sedentary life after
intensive weight-bearing activity, the result also supports
volleyball playing as an active loading or weight-bearing
physical activity at the young ages helps to reach peak
bone mass and/or less age-related bone loss. Furthermore,
whether or not same age-related bone loss happens, the
result of BMD will remain higher bone mass for volleyball
players. It could be stated that, in spite of age-related bone
loss, ex-eVPs have higher bone density than SW. According
to Wolff’s meta-analysis [5] playing volleyball regarded as a
weight-bearing exercise, has a preventative and reversing
effects on bone density. Furthermore, it might be rec-
ommended that the BMD of volleyball players must be
monitored on a long-term basis and comparative studies
must be conducted in order to see the effect of their sport
specific life for different sport branches.

According to the theoretical hypothesis, if specific mus-
cle group was stronger, it is expected that related bone’s
mineral density would be higher. Heinonen’s [9] conclusion
about the site-specific effect of the training stimulus was
that weight-bearing exercises increase BMD as a site-specific
response. The results of the present study showed that back,
leg, and hand grip static strengths of ex-eVP were signi-
ficantly higher than that of SW (Fig. 3), however, BMD of
Ls;, forearm (right and left) and hip (right and left) of both
groups were not significantly different (Table 2). In addition
to those results, there was no significant high correlation
between static strengths and adjacent bone sites for both
group and total subjects (Table 3). Furthermore, there was
no significant high correlation between leg strength and BMD
of leg (total body scan) values for both groups and total sub-
jects (Table 3). It should be noted that Beverly et al. [35]
found inconsistent results that there would be a close cor-
relation between grip strength and forearm BMC in women.
According to those results it could be generalized that static
grip strength was not a marker for BMD of forearm for both
groups, and also static leg strength was not a marker of hip
(left and right) BMD. Pocock et al. [36] studied 73 females
aged 20—75 and found that muscle strength (biceps, quadri-
ceps, grip) was an independent predictor of bone density
proximal femur, lumbar spine, and forearm. The results of
the present study were also not in line with their study for
forearm relation.

BMD of lumbar spine of ex-eVP results were significan-
tly higher (exceptls;) than SW (Table 2). This could be
attributed to the specific weight-bearing site of volleyball
playing, not due to the reason of statistically higher static
back strength of the volleyball players than that of the SW
(Fig. 3). Those results of the present study might be related
with the site-specific loading or the nature of the volley-
ball sport. Although all the static strength of the ex-eVP
were higher significantly that of the SW (Fig. 3), none of the
hip and forearam (dominant and non-dominant BMD results)
were significantly different from each other (Table 2). In
addition to that ex-eVP were not active at all, however they
have already had significantly higher BMD values and static
strength results. The findings could be concluded that having
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higher BMD in the older ages might be the result of sys-
temic effect of nature of sport due to achieving peak bone
mass in the young ages despite age-related bone loss during
adulthood.

In the study of Bevier et al. [8], grip strength was cor-
related with radial bone density in both sexes, supporting
the hypothesis of a local effect. Contrary to this hypothe-
sis, however, was their finding in women that the relation
of grip strength to spinal bone density reached significance,
while the relation of back strength to spinal bone density
did not. In this study grip strength and spinal bone density
is inconsistent while the correlation between back strength
and spinal bone is consistent with the present study. In the
Beviers [8] and Snow [37] studies found similar results of the
present study. It was stated that there was no significant
relationship between grip strength and radial bone density.
The specific bone density sites were not always related to
the strength of the muscles attached to those bones.

Haapasalo [38] and Kannus [39] control group’s non-
dominant arm BMD value was higher than tennis and squash
players, although the difference was not significant. The
result was also parallel to the present study as considering
BMD values. In addition to that Heinonen [40] found sim-
ilar results that distal radius result showed (except squash
players) sedentary reference had higher BMD value than aer-
obic dancers, speed skaters and physically active reference.
Haapasalo at al. [41] also found no significant difference
BMD values of distal radius in junior tennis players and con-
trols, whereas, distal radius BMD of tennis players’ dominant
arm significantly higher than that of non-dominant arm.
Jacobson [34] summarized that distal radius of dominant
arm of tennis players and swimmers had higher bone den-
sity than controls. Jacobson [34] stated that bone mineral
content of radius in the athletes was accompanied by an
increase in bone width. According to the statement, and the
formula of bone density (g/cm? x 10~3/bone width), bone
width increases results in the decrease of bone density. Ath-
letes radial bone density may not be increased due to the
increase in the denominator of formula.

Most of the researches showed that BC is related with
BMD [7,42—45]. In the present study, there were no signifi-
cant relationship between BMD of L;.4 or total body and body
compartments (Table 3). BW was not significantly different
from each other (Table 1), BMD of L,.4 of ex-eVP was sig-
nificantly higher than that of SW (Table 2). Therefore, BW
couldn’t be a predictor for BMD of the L,.4 and total body.
The present result of the study is in correlation with that of
Reid et al. [43], Slemenda and Johnson [44], and Cummings
et al. [45] supported the results of the present study. In con-
trast to prementioned studies, Welten [7] found that BW is
a significant predictor for BMD.

Significant low relationship was found between BW and
non-dominant hip, and BW and dominant hip for both groups
and all subjects (Table 3). Those results supported by As Reid
et al. [43], Slemenda and Johnson [44], and Cummings et al.
[45]. They stated that mechanical loading of the skeleton
reflects some combination of BW and exercise patterns and
without taking into account this aspect of skeletal develop-
ment and maintenance. On the other hand, in SW weight
alone, which is strongly correlated with fatness, may be pri-
mary in loading the skeleton. However, in active women, it is
more probable both BW and LBM relating with the types and

intensity of the exercise (previous and current) determine
skeletal loading. In addition to that result, there was no high
significant relationship between BMD of total body and L;.4
and other body compartments (Table 3). BW measurements
were not statistically significant for both groups, while LBM
in favouring ex-eVP and BF¥% in favoring SW were significan-
tly higher than the other group. This most basic tie between
skeletal and non-skeletal mass deserves further study and its
implications for the study of other mechanisms is important
as well.

Ex-eVP’s LBM (41.59 £ 4.96) was significantly higher than
that of SW (37.80 + 3.46). It is worth reiterating the fact that
the BMD measures of the ex-eVP were higher than those of
the SW. Having not statistically significant BMI and FW differ-
ence between the groups a few high favoring SW, and having
significantly higher LBM favoring very high Ex-eVP (Table 1),
showed that, BMI shouldn’t be a direct predictor in eval-
uating BMD. Likewise, the strength results of ex-eVP were
higher than the SW. Although there is no certain scientific
evidence to claim that LBM and BMD measures are directly
related, it could still be stated that the higher the LBM the
higher the BMD.

This needs to be further analyzed. In conclusion, although
in all region analysis (except UD part of non-dominant fore-
arm), BMD results of ex-eVP were higher than those of
the SW; BF% (P=0.043) and FW were higher in SW group.
According to the results of higher FW or BF% for both BC mea-
surement methods in SW group, BMD results were higher in
ex-eVP. It could be concluded that fat mass as a mechanical
load is not related to the BMD of the subjects. It is consid-
erable to note that mechanical loading factors are gravity
and muscles pull in bone modelling and remodelling. LBM
might have considerable role to have higher BMD value as
the function of muscle pull. Further longitudinal studies are
needed to determine whether changes in BMD are sensitive
to changes in BC compartments and furthermore, to describe
precisely the mechanism of such an association.

BF% was significantly higher in SW (39.8 £5.7) than
ex-eVP (36.7 £ 6.2) (P<0.05). In addition, the reasons of sig-
nificant difference of present study could be their previous
physical activity status or life style.

In the light of the results of this study, BMD of ex-eVP
were higher than sedentary in spite of other factors. It
could be concluded that playing volleyball have a positive
effect on BMD and beneficial to prevent osteoporosis and/or
reverse bone loss, maximise bone mass early in life as well
as slow the rate of age-related bone loss. This paper also
one of the first to know the difference between after quit-
ting elite level sports participation with being sedentary and
being lifelong sedentary. Further study is needed to answer
the question if the level of higher bone mass in athletes’ due
to the lower age-related bone loss or higher bone loss in the
sedentary. In addition to that longitudinal study is needed
to answer the gained bone mass maintained lifelong or same
rate decrease comparing with the controls after cessation
of the intensive training period. Longitudinal follow up is
needed to determine the rate of decrease in the BMD for
ex-athlete and sedentary adults. To conclude the effect of
exercise or site-specific stimulus on specific bone site should
be studied longitudinally adding high intensity stimulus plus
giving up or tapering effect of the loading to investigate the
effect of strengthening the muscle and bone.
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Not only as a health problem, preventive caution has to
be taken into consideration but also the effect of specific
exercise intensity, frequency, and volume must be exam-
ined.
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