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Abstract 

Objectives: Sport is one of the best ways to prevent osteoporosis; however, not all sports have the 
same impact on bones, for instance, swimming (SW) may have no effect or be harmful. Elite athletes 
are the best choice to detect the effects of any sport. Thus, this study was conducted firstly to compare 
the bone mineral density (BMD) and bone mineral content (BMC) of elite athletes in volleyball (VB), 
basketball (BB), and long-distance running (LR) together, and secondly to compare those 
corresponding values in SW athletes with those of non-athletes (NA). 

Methods: The subjects (n=58) of this cross-sectional study included elite male athletes (members of Iran's national 
teams, with a minimum of 12-15 hours of training per week) and NA (control; C) who were divided into BB, VB, LR, 
SW (n=12 for each), and C (n=10) groups. The DEXA scan measured the amount of BMD and BMC values in the 
lumbar spine (LS; L2-L4) and proximal femur (PF; neck, trochanter, and Ward’s triangle) areas. 

Results: In the LS areas, LR had significantly higher BMD than the BB, VB, SW, and C groups (P<0.001), while for 
BMC, both LR and VB were significantly superior to other groups (P<0.001). Moreover, the BMD and BMC of the 
PF areas of VB and BB were significantly higher than those of the LR, SW, and C groups (P<0.001). Finally, in all 
areas, SW showed significantly higher BMD and BMC, compared to the C group (except for trochanter and femur 
neck BMC) (P<0.05). 

Conclusion: LR athletes showed the most bone acquisition in the LS areas and VB players in the PF areas, while 
BB players ranked third in osteoporosis prevention in the mentioned regions. Unexpectedly, SW athletes also had 
better BMD and BMC than NA; therefore, after weight-bearing sports, this type of sport can be effective in bone 
acquisition. 

        Level of evidence: III 
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Introduction

steoporosis is a destructive disease in the skeletal 
structure. It is considered the fourth enemy of 
humanity after a heart attack, stroke, and cancer, 

especially in old age.1 It is usually silent, which means that 
a person does not notice any symptoms before a bone 
density test or fragility fractures.2,3 The highest rate of 
fractures caused by osteoporosis occurs in the areas of the 
lumbar spine (LS; 42%) and proximal femur (PF; 30%).4 
According to the World Health Organization, the 
population with this deadly disease will increase by 23% 

from 2010 to 2025 (27.5 to 33.9 million).5,6 Preventive 
strategies in adolescence and young age are the key to 
fighting against this disease in old age.7,8 Although genetic 
factors can explain up to 60%-80% of the etiology for bone 
mineral density (BMD) and bone mineral content (BMC) 
ranges, the remaining 20%-40% can be modified by 
environmental factors, such as physical activity.9 According 
to Wolf's law, applying different loads over a long period 
improves and adapts bone tissue.10 Thus, the role of 
varying sports loads in stimulating bone remodeling is 
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irrefutable.11-13 Typically, sports are divided into two 
categories: weight-bearing11 and non-weight bearing,12 
and the former is the best choice for improving bone 
health.11-13, Nevertheless, this category of sports is not 
suitable and favorable for everyone.12 For example, 
athletes at risk for osteoporosis, apart from the risk of 
fracture, are also usually at risk for cardiovascular and 
cerebrovascular diseases. High-intensity sports are also 
harmful to these athletes.12, 14 As a result, swimming as a 
popular sport, in addition to many therapeutic benefits, can 
be the best option and cannot be ignored.12, 15 

Despite extensive studies, there is still equivocal evidence 
as to which weight-bearing sport can best stimulate the two 
critical areas at risk for osteoporotic fractures (LS and PF).16 
Additionally, it is still unclear whether swimming is 
effective or neutral in bone growth.5,12  

Depending on its kinetic and kinematic parameters, each 
sport has different effects on each area of the skeletal 
system.17 Considering that professional athletes are 
engaged in their sports for many hours during adolescence 
and youth, they can be of greater help in identifying the 
bone tissue areas in which each sport has resulted in better 
bone acquisition.5 Therefore, various sports with various 
loads were chosen (odd-impact, high-impact, repetitive 
low-impact, and non-impact exercise loadings). To achieve 
more accurate results, only male athletes were considered 
since the bone acquisition in males and females may be 
different.4, 18 

Since access to elite athletes is very limited and difficult, 
most studies in the literature were conducted either on 
recreational or on semi-professional athletes.19-21 
Furthermore, at the time of writing this manuscript, no 
study has examined elite male athletes in terms of the 
bone status of basketball, volleyball, and running 
together, and swimmers with non-athletes. Hence, 
conducting the present study was necessary to answer 
the following questions: 

Q1. Which of the weight-bearing sports is more effective 
in improving bone mass? 

Q2. Do swimmers have more bone density than non-
athletes? 

Q3. Which of the two high-risk fracture areas (LS and PF) 
can acquire more bone by performing these sports? 

Therefore, the primary aim of this study was to compare 
the bone mineral density (BMD) and bone mineral 
content (BMC) of elite male athletes of basketball, 
volleyball, and long-distance running together. The 
secondary aim was to compare swimmers with non-
athletes in the two areas of the PF and LS. Based on 
previous research, 22 it can be assumed that swimming is 
neutral or ineffective, and basketball causes more bone 
acquisition than other sports.11 

Materials and Methods 
Design 
This cross-sectional study compared the effect of different 

sports on the BMD and BMC values of elite athletes. The 
study protocol was approved by the Ethics Committee of the 
Research Institute of Sports Sciences in Tehran, Iran, based 
on the Declaration of Helsinki 2018.23 

 

Participants 
 The participants (n=58) in this study included 48 elite 

male athletes (who were members of Iranian national 
teams) as the experimental groups and 10 non-athletes (NA) 
as the control (C) group. The athletes enrolled voluntarily for 
the study and were purposefully divided into basketball 
(BB), volleyball (VB), long-distance running (LR), and  

 

swimming (SW) (n=12 for each). In addition, informed 
consent was obtained from all participants. To determine 
the sample size, G Power software (3.1.9.2 Freeware.  

University of Dusseldorf, Dusseldorf, Germany) based on 
repeated measures analysis of variance test with a statistical 
power of 80% and significance level of 0.05 was used.24 

 

Inclusion criteria  
The male athletes were over 19 years of age, with at least 

eight years of practice in their sports specialty, at least three 
years of experience in high-level competition sport, and a 
minimum of 12-15 hours of training per week, as well as 
competing at national or international championships and 
games.5, 25  

 
Exclusion criteria 
   The exclusion criteria were hypo or hyperthyroidism, 

diabetes, kidney failure, liver failure, respiratory or heart 
diseases, as well as smoking or consuming alcohol.5, 26 
Furthermore, the athletes who had any acute 
musculoskeletal injuries were excluded since they quit the 
sport due to their acute injury (for at least six months) and 
took drugs that affect BMD and BMC (e.g., testosterone, 
corticosteroids).25 

 

Instruments 
The height and weight of the subjects were measured by 

a height meter and an analog scale with a sensitivity of 0.1 
kg. Then, their body mass index (BMI) was calculated using 
the mass (kg)/ height (m) 2 formula. In addition, a DEXA 
scan was conducted (Hologic Series Discovery QDR, 
Software Physician’s Viewer, APEX System Software 
Version 3.1.2. Bedford, MA, USA) for measuring the 
subjects’ BMD )g/cm2) and BMC )g) in the areas of LS )L2- 
L4) and PF )femur neck, trochanter and Ward’s triangle) 
[Fig. 1]. DEXA scan is very accurate and the gold standard 
method for bone density measurement.27 Bone density 
refers to the amount of bone material in a square 
centimeter of bone, where the denser tissue allows less 
radiation to pass. In fact, more compressed bone is 
stronger and less prone to fracture.27 

 

Fig1. The measurement of BMD and BMC in Lumbar spine (L2- L4) and 
femur )neck, trochanter and ward’s triangle) areas by DEXA 

Statistical analysis 
The statistical analysis was performed using SPSS 

software (version 19.0, SPSS Inc., Chicago, IL), in which 
the data were checked for normality distribution. One-
way ANOVA was used to detect the differences among 
groups. ANCOVA was applied to compare the amount of 
BMD and BMC, which were adjusted for height, weight,  

 
 
 



(214) 

 

 

 
  

 

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR 
VOLUME 11. NUMBER 3. MARCH 2023  

 

BMD and BMC among Iranian Elite Male Athletes 

body fat percentage (BF%), and age among the five 
groups. Finally, the Bonferroni post-hoc test was used to 
compare the means, and the significance level was set at 
P≤0.05. 

Results 
The demographic characteristics of the subjects are 

shown in Table 1. As displayed, kurtosis and skewness for 
the variables ranged between -1 and +1, which indicated 
the normal distribution of the data. Therefore, parametric 
methods were used for data analysis. Levene’s test was  
performed, and the test assumptions were met. The results 
of one-way ANOVA indicated a significant difference in the 
mean number of groups, while each group was compared 
using Scheffe’s method for the post-hoc test [Table 1].

 
Table 1. Demographic characteristics of the subjects 

Groups N Age (years) Weight (kg) Height (cm) BMI (kg/m2) Body Fat (%) 
Basketball 12 20.08± 0.90 bcde 90.96± 6.23 cde 196.79± 4.11  23.49± 1.62  13.90± 1.79 bcde 

Running 12 22.17± 1.34 e 73.75± 3.17 c 180.58± 3.18 ade 22.63± 1.22 16.06± 1.32 c 
Swimming 12 22.83± 1.34 e 83.17± 8.36 184.50± 5.28 a 24.36± 1.10 18.28± 1.40 d 
Volleyball 12 23.00± 0.74 81.25± 4.75 190.00± 5.20 22.50± 0.93 16.09± 0.97 

Control 10 24.40± 0.97 80.60± 8.87 187.00± 4.94 23.02± 2.13 17.04± 2.45 

BMI: Body Mass Index; Values are mean± SD 

A: P≤0.05 )significant difference among basketball players) 
B: P≤0.05 )significant difference among runners) 
C: P≤0.05 )significant difference among swimmers) 
D: P≤0.05 )significant difference among volleyball players) 
E: P≤0.05 )significant difference among the control group) 

 
Methods were used for data analysis. Levene’s test 

was performed, and the test assumptions were met. 
The results of one-way ANOVA indicated a significant 
difference in the mean number of groups, while each 
group was compared using Scheffe’s method for the 
post-hoc test [Table 1].  

The results of ANCOVA indicated a significant 
difference between the BMD means of LS (F[4, 
49]=18.24, P<0.001), femur neck (F[4, 49]=79.05, 
P<0.001), trochanter (F[4, 49]=42.70, P<0.001) and 
Ward’s triangle )F[4, 49]=79.99, P<0.001), and the BMC 
means of LS (F[4, 49]=31.85, P<0.001), femur neck 
(F[4, 49]=27.08, P<0.001), trochanter (F[4, 49]=14.40, 
P<0.001) and Ward’s triangle )F[4, 49]=426.88, 
P<0.001) [Table 2]. 

As shown in Table 2, the BMD for LS areas was 
significantly higher in the LR group, compared to the 
BB, VB, SW and C groups, in that order (P<0.001). In 
addition, the femur neck BMD in the C group was 
significantly lower than that in all sports groups, and it 
was significantly lower in the LR group than in the BB 
and VB groups, in that order (P<0.05). Furthermore, 
the trochanter BMD in all sports groups was 
significantly higher than that in the C group. At the same  

 
 

 
 

time, it was significantly higher in the BB group than in the 
VB and LR groups in descending order (P<0.001). Regarding 
the results of Ward’s triangle BMD, the C group had a 
significantly lower amount of BMD, compared to the other 
groups, and it was significantly higher in the VB group than 
in the other sports groups (P<0.001). Finally, the BB group 
had a higher BMD mean than the LR group (P<0.001) [Table 
2]. 

Regarding the results of the BMC, the LS areas of the LR and 
VB groups had significantly higher means than the other 
groups, and the BMC was significantly higher in the SW 
group than in the C group (P<0.001). Although the femur 
neck BMC in the VB group was significantly higher than that 
of the other groups (P<0.05), the amount in the LR group 
was significantly higher than that in the SW and C groups 
(P<0.001). In addition, the trochanter BMC of the BB and VB 
groups was significantly higher than those of the LR, while 
LR had a higher amount than the SW and C groups (P<0.05). 
Regarding Ward’s triangle BMC, the BB group showed a 
higher amount than the other groups, and it was significantly 
higher than that of the VB group, compared to the LR, SW, 
and C groups, in that order (P<0.001). Furthermore, LR had 
a significantly higher amount than the SW and C groups. 
Finally, the amount was significantly higher in SW than in the 
C group (P<0.001) [Table 2]. 

 
 

 

    

 

 

 

 

 

 

Table 2. The adjusted BMD and BMC in the groups 
Variables Basketball Volleyball Running Swimming Control 
BMD Lumbar Spine 1.33± 0.04  1.32± 0.03 1.37± 0.03 1.18± 0.03 bd 1.09± 0.03 abd 
BMD Femur Neck 1.47± 0.03  1.45± 0.02 1.35± 0.02 D 1.07± 0.02 abd 0.95± 0.03 abcd 
BMD Trochanter  1.16± 0.05 1.23± 0.03 1.18± 0.03 0.86± 0.03 abd 0.81± 0.04 abd 
BMD Ward’s Triangle 1.24± 0.04 1.36± 0.03 1.17± 0.02 d 0.93± 0.03 abd 0.74± 0.03 abcd 
BMC Lumbar spine 60.62± 2.71 d 75.39± 1.66 74.24± 1.56  60.63± 1.76 abd 57.46± 2.18 bd 
BMC Femur Neck 7.06± 0.39 d 8.84± 0.24 7.69± 0.23 D 5.95± 0.25 bd 6.03± 0.32 bd 
BMC Trochanter 17.85± 0.84 16.42± 0.52 15.70± 0.49 11.30± 0.55 abd 13.50± 0.68 AD 
BMC Ward’s Triangle 3.47± 0.50 1.37± 0.03 a 1.16± 0.03 ad 0.91± 0.03 abd 0.72± 0.04 abcd 
The results of Bonferroni post-hoc test for BMD (Bone Mineral Density) and BMC (Bone Mineral Content). 
a. P≤0.05 (A significant difference with basketball players, respectively) 
b. P≤0.05 (A significant difference with runners, respectively) 
c. P≤0.05 (A significant difference with swimmers, respectively) 
d. P≤0.05 (A significant difference with volleyball players, respectively) 
e. P≤0.05 (A significant difference with controls, respectively) 
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Discussion
This study compared BMD and BMC among elite male 

athletes of BB, VB, and LR, and then SW with NA. It was 
hypothesized that among weight-bearing sports, BB 
causes more bone acquisition than other sports,  11 and 
SW is neutral or ineffective at improving BMD and 
BMC.22 However, the findings of the present study do 
not support the above hypotheses. This study found 
that LR (especially in the LS areas), VB (especially in the 
PF areas), and BB are the first, second, and third 
osteogenic sports, respectively. Additionally, this study 
found that SW athletes had better BMD and BMC than 
NA and were ranked fourth after weight-bearing sports.  

Therefore, all the athletes had a higher BMD and BMC 
in the two most susceptible fracture sites (LS and PF) 
caused by osteoporosis than NA.4 In the following, 
details of the findings are discussed and several new 
aspects are touched on which can add to the literature. 
Additionally, since the majority of the research in this 
field was conducted on non-elite athletes, these studies 
have also been discussed.11 

Contrary to the findings of several researchers and even a 
systematic review,22 in which SW was introduced as an 
ineffective or neutral sport for bone health,20,22,28 the SW 
athletes in this study showed higher BMD and BMC than NA. 
Nonetheless, many details can be effective in improving 
BMD and BMC in this sport, such as movement pattern 
(freestyle, butterfly, etc.), type (speed or endurance), and 
training period length, but the most important possible 
reason for the contradiction of the findings of this study with 
previous findings can be attributed to the inclusion of 
professional SW athletes.15  

Indeed, two recent studies have been conducted with 
similar findings to the present study.5,15 Moreover, a 
recent systematic review and meta-analysis by Su Y et al. 
(2020) reported that SW athletes who have long training 
periods in a week (3 to 6 hours or even longer) have 
better BMD than those who have short periods (less than 
3 hours a week), which can be consistent with our 
findings.12 However, research on professional SW athletes 
is very limited, and decisions cannot be made with 
certainty about this issue.5,12,15  

Regardless of the scientific issue related to the 
investigation of the effectiveness of SW as a non-weight-
bearing sport, this research aimed to compare the effect 
of weight-bearing sports on two key areas (LS and PF), 
which are prone to fractures by osteopenia and 
osteoporosis.2,4 Contrary to several previous studies, the 
BB players in the present research did not rank first in 
gaining bone density among the players of the other 
weight-bearing sports.11,15,29,30 Stojanović et al. )2020), in 
a systematic review and meta-analysis, compared 
football, VB, BB, and SW with NA and stated that BB 
players have higher BMD than other athletes, especially in 
the femur and hip areas due to repeated jumping.11  

Nevertheless, it is noteworthy that in the PF areas, the BB 
players in the present study ranked second with a very 
small average difference, compared to the VB players, and 
even in the femur neck BMD, Ward’s triangle and 
trochanter BMC values, they had more bone acquisition 
than the VB and LR athletes. Therefore, taking these 
findings into account, the results of the present study are 

approximately aligned with the above systematic review.11 
In another study by Zouch et al., the bone mass in the whole 
body, LS, and total hip areas were directly compared 
among VB, BB, and NA. In their investigated areas, apart 
from the fact that VB and BB were introduced as osteogenic 
sports, in general, the VB players had better bone status in 
the PF areas, which is in line with the findings of the current 
study.31 One of the most important reasons for the non-
contradictory results of these researchers can be 
attributed to gender (only male subjects). Due to different 
anatomical structures in males and females, especially in 
the pelvic-femoral areas, the mechanical load and stress 
applied in each area of the skeletal structure can also be 
different.32 

Regarding the LS regions, LR athletes were superior to VB 
and BB players. This finding is consistent with the results 
of a recent study conducted in 2022, which reported that 
long-term applied loads in LR cause an increase in bone 
resorption, which is associated with a corresponding 
increase in bone matrix deposition. This study also stated 
that the most important factor that causes a decrease in 
BMD in these athletes is the lack of proper recovery after 
training.33 

In a contradictory study, gymnastics, crew, softball, 
running, field hockey, cross-country, soccer, and SW 
athletes were compared, and it was found that runners 
(except for average leg score) and SW athletes showed the 
lowest BMD in the pelvic, lumbar, and total body areas.34 

Nevertheless, in addition to the fact that these researchers 
only investigated female athletes, most of their runners 
had menstrual dysfunction (44.0%). Apart from this, the 
lack of uniformity in the type of runners’ training )track 
and cross-country runners by events of 800 m) is also a 
possible influential factor that should be considered.34,35 All 
the above contradictions are gaps that require the 
attention of researchers in the future to provide a more 
definitive answer. 

Nevertheless, there are some important reasons for 
changes in the bone tissue of the LS and PF regions in 
weight-bearing athletes, which are necessary to consider. 
For example, BB and VB athletes mainly perform activities 
on hardwood surfaces, which causes the lower limbs, 
especially the PF areas and the spine, to be under 
tremendous pressure and stress. In addition, the dominant 
and common movements of these athletes include frequent 
jumps and sudden changes of direction, with the difference 
that VB players make longer jumps than BB players.11,36,37 
In contrast, LR athletes, by performing repeated 
movements on almost flexible surfaces without sudden 
changes of direction and jumping, maintain their center of 
gravity towards the front of the body near the lumbopelvic 
region for a long time, which probably leads to more 
pressure and stress tolerance in the LS than PF areas.33,38 

The present study had several strengths, the first of which 
was the selection of elite athletes to diagnose the effects of 
each sport on bone indices more accurately, considering 
that they trained regularly and with high intensity, 
frequency, and volume. The second strength was choosing 
only elite male athletes, which was done for two reasons. 
The first reason for this decision was differences in 
hormonal mechanisms. The second reason was the 
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different anatomical and skeletal structures between male 
and female athletes, which can be effective in bone 
acquisition.4,11,32 The third strong point in this study was 
choosing sports with different loads (high-impact, odd-
impact, repetitive low-impact, and non-impact exercise 
loadings) due to the more comprehensive diagnosis of each 
training style on bone growth. 

The present study also had several limitations. The first 
was access to a small sample size due to the limited number 
of elite athletes. The second limitation was that it had a 
cross-sectional design because it only estimated and 
limited the probability of showing causality without the 
possibility of a follow-up period. Finally, the third 
limitation was in terms of constraints in controlling the 
athletes’ nutritional status and consumption of vitamin 
supplements, such as calcium and vitamin D.39 Thus, it is 
strongly suggested that future researchers evaluate the 
elite athletes of other popular sports, such as football, in 
addition to considering the limitations mentioned above. 

 
Conclusion 

In summary, LR athletes had the highest BMD in the LS 
regions, followed by BB and VB players, while LR and VB 
athletes had almost similar and higher BMC than BB 
players. In the PF areas, VB (especially BMD) and BB 
players (especially BMC) ranked higher than LR athletes in 
bone acquisition. Unexpectedly, SW athletes also showed 
better BMD and BMC in all mentioned areas than NA 
(except for trochanter and femur neck BMC). Therefore, in 
a general ranking, LR, VB, and finally BB ranked first, 
second, and third, respectively, as osteogenic sports. 
Additionally, SW can also be effective in the bone 

acquisition and preventing osteopenia and osteoporosis 
after weight-bearing sports. 
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