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Abstract: Currently, our understanding of how to use exercise effectively in postmenopausal women in
prevention of osteoporosis is incomplete and has prompted our interest to identify the type and intensities of
effective osteogenic exercise. The aim of this study was to compare the changes in bone mineral status
following six months of training between aerobic and resistance exercise in postmenopausal women. Fifty
postmenopausal women participated in this study and were divided into two equal groups; the first group (A)
received resistance exercise training, where the second group (B) received aerobic exercise training. The
program consisted of three sessions per week for six months. Results revealed that: There was a significant
increase in mean values of bone mineral density, serum calcium (Ca) and parathyroid hormone (PTH) in both
groups; likewise changes in group (A) were greater than group (B). However, there were significant differences
between both groups. In conclusion, resistance exercise training induces more effective favourable changes
in bone mineral status as compared to aerobic exercise training in postmenopausal women. 
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INTRODUCTION essential that non-pharmacological strategies to prevent

Osteoporosis (OP) is a serious bone disease, considered to play a crucial role in bone modeling and
affecting approximately 10 million individuals in the remodeling [9]. Physical activity is an important lifestyle
United States over the age of 50 [1]. By the year 2015, the factor that has the potential to modify bone strength in
prevalence and risk for this disease among women =50 postmenopausal women through its effects on bone
years  old  is  estimated  to   increase  to  approximately  35 mineral density and geometry (size and shape parameters
million [2]. However, one of each six women over the age of the bone). In fact, recent studies using peripheral
of 50 years has osteoporosis in Canada and osteoporosis quantitative computed tomography demonstrated that
is the alleged cause of over 24,000 hip fractures each year, participation in physical activity can benefit both
a figure that is expected to double by 2040 [3]. trabecular and cortical components of bone in this

Osteoporosis increases the risk of fractures among population [10]. Cross-sectional studies have also
elderly postmenopausal women. Hip and spine fractures reported the difference between greater cortical area and
are associated with high morbidity and mortality  in  this bending strength at weight-bearing bone sites (tibia,
population [4, 5]. In the United States, the health care femur)  among active postmenopausal women compared
system costs that are associated with osteoporotic to those who are inactive [11, 12]. Furthermore,
fractures exceed $13.8 billion annually [6]. prospective  investigations showed slower rates of

While there are many pharmacological agents cortical and trabecular bone mineral density loss at
available for the prevention of OP, widespread and long weight-bearing  bone sites among postmenopausal
term use of these agents is limited due to side-effects, women participating in activities such as recreational
costs and poor long term compliance [7]. Therefore, it is volleyball and Tai Chi Chuan [10, 13]. 

osteoporosis continue to be evaluated [8]. Exercise is
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According to the American College of Sports This study was approved by the Scientific Research
Medicine, moderate to high intensity weight bearing Ethical Committee, Faculty of Applied Medical Sciences
endurance activities, activities that involve jumping and at King Abdulaziz University. All participants were free to
resistance exercise may help to preserve bone health withdraw from the study at any time. If any adverse
during adulthood [14]. A meta-analysis of the effects of effects had occurred, the experiment will be terminated
walking exercise program on bone mass in and the Human Subjects Review Board will be informed.
postmenopausal women, observed significant effects on However, no adverse effects occurred and so the data of
bone mineral density [15]. Conversely, Palombaro all the participants were available for analysis.
indicated or pointed out that walking training showed a
significant, but small positive effect on lumbar spine bone Methods
mineral density but not on femoral neck [16]. Resistance Evaluated Parameters
exercise has potential to improve bone health through Bone Mineral Density Measurements (BMD): Dual
both, mechanical stresses placed on bone during muscle Energy X-Ray Absorptiometry (DXA) (Hologic Discovet
contractions and by increasing the amount of muscle Diagnostics, Denver, Colorado, USA) was used to assess
mass available to load the bone [17]. However, high the BMD of lumbar spine (L1-L4), the forearm (33%
intensity resistance exercise may be difficult for older radius) and tibia sites assessed at baseline and after eight
women to maintain throughout their lifespan [18]. months training period. Subjects were asked to remove all

The exercise-induced osteogenic effect is site specific metal and plastic before being positioned on the DXA
and dependent on the type of exercise and load applied to table.
the bones [19]. In support of this, resistance exercise has
been recognized to be effective in stimulating an Blood Sampling and Serum Measurements: Blood
osteogenic response and elevating bone mineral density samples were taken during exercise days after at least a
in both young and old adults. However, the isolated 10-hours overnight fast and a small standardized breakfast
effects of aerobic exercise on bone mass in older adults by a clean vein-puncture (20 gauge needle) from an ante-
have been poorly investigated. Evidence regarding the cubital vein under controlled venous stasis (< 30 s) of
effectiveness of this type of exercise in counteracting age- 40 Torr after 30 minutes rest and then immediately after
related declines in bone mineral density has been finishing the exercise program (after 6 months). All vein-
controversial [21]. punctures were taken from the subjects in reclined

Subjects and Methods containing no anticoagulant for the study of Calcium and
Subjects: Fifty postmenopausal women were enrolled in PTH profile.
this study were selected from outpatient clinic at King
Abdulaziz University Hospital, the age ranged from 50 to Biochemical Parameters
58 years. All volunteers were asked to read and sign an Bone Profile: Quantitative determination of Calcium (Ca)
informed consent document prior to participation. Women was measured by using the principle of
who were smokers, having any endocrine, spectrophotometer and detection of each analysis within
musculoskeletal, renal, liver, cardiac disorders, obesity, different wave length. Biochemical parameters were
diabetes, chest diseases, any medication likely to measured at the same time when the medical pre-checkup
influence bone metabolism or other pathologic processes was performed. All of the biochemical assessments were
were excluded. All participants were in menopause since performed using a fully automated analyzer (Dimenition
at least 5 years and were tested for bone mineral density, RxL, Diagnostics, USA) machine at king Abdulaziz
serum calcium (Ca) and parathyroid hormone (PTH) before University Hospital.
the training (treatment) and after 6 months at the end the
study. Following pre-training of testing, a randomized Parathyroid Hormone (PTH): Measurement of PTH was
procedure was used to assign qualified participants into performed using the principle of Electro
2 equal groups; group (A) received resistance exercise chemiluminescence's immunoassay (Modular Analytics
(RE) training and the second group (B) received aerobic E170, Roche, German) at king Abdulaziz University
exercise (AE) training. Hospital, Saudi Arabia.

position. Whole blood was drawn and collected in a tube
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Physical Training Program required activity and age of participants. The exercise
Resistance Exercise (RE): Resistance exercise (RE) training consisted of stretching and warm-up exercises
sessions were performed three times per week, with each (10-15 minutes), dynamic aerobic activities (35-40 minutes)
session lasting approximately 60 minutes over a period of involving stepping and graded walking in addition to
24 weeks. Each training session involved the following: cool-down/relaxation exercises (10 minutes). During the
(1) a standardized warm-up period (8-10 minutes) on a first six weeks, moderate intensity strength exercises were
bicycle ergometer (Bike-Max; Tectrix, Irvine, CA) and/or performed concentrically and eccentrically for
rowing ergometer (Concept II, Morrisville, VR) at low approximately ten minutes for the hip flexors, extensors
intensity and some stretching exercises; (2) specific and abductors; knee flexors and extensors; and ankle
resistance training period (30-40 minutes); and (3) a cool- dorsiflexors and plantar flexors using body weight to
down period (5-10 minutes) that included walking and ensure proper muscular resistance and to sustain the
stretching exercises. The RE protocol aimed at developing increments in training intensity. The initial exercise
the muscle mass and the strength in the following areas: intensity was set at 50% to 60% of the subjects' heart rate
(1) quadriceps (leg press and leg extension), (2) reserve for the first two months; the target heart rate
hamstrings (seated leg curl), (3) gluteal (hip abduction), during exercise was continuously monitored by heart rate
(4) trunk and arms (double chest press, lateral raise and monitors (Polar Vantage XL, Polar Electro Inc., Port
overhead press) and (5) abdominal wall (abdominal Washington, NY). Exercise intensity was gradually
machine). Subjects were exercised on variable resistance increased from 65 to 75% of the heart rate reserve as
machines (Nautilus Sports/Medical Industries, adapted to the individual according to a modified Bruce
Independence, VA). Training intensity was gradually protocol. Training for all participants was performed at the
increased during the first four weeks. The intensity of the Physical Therapy Department at King Abdulaziz
training stimulus was initially set at 50% to 60% of one- University Hospital, Jeddah, Saudi Arabia.
repetition maximum (1RM) with a work range of two sets
of 10 to 15 repetitions. Subjects then progressed from 65 Statistical Analysis: The mean values of bone mineral
to 75% of 1RM at a work range of six to eight repetitions density, serum Calcium (Ca) and parathyroid hormone
(two sets) and remained at this level until the end of the (PTH) were measured and calculated before and after 6
program. Training was continuously monitored by heart months for both groups. Then the data were compared
rate monitors (Polar Vantage XL, Polar Electro Inc., Port using paired “t” test to determine the level of significance.
Washington, NY). 1RM tests were performed every two Comparison between both groups was done by using the
weeks for the first month and then every four weeks until independent “t” test. The significance level was fixed at
the end of the program. Between these tests, the load was P< 0. 05.
increased for those subjects who were able to easily
complete 12 or more repetitions for both sets. RESULTS

Aerobic Exercise (AE): The aerobic exercise group The  two  groups  were  considered  homogeneous
completed a 24-week endurance exercise training program regarding the demographic variables (Table 1 and
consisting of three sessions per week. Each session Figure1).  In   relation  to  the   comparison   between
lasted approximately 60 minutes and all sessions were values BMD, serum calcium (Ca) and parathyroid
accompanied   by    appropriate    music    relevant   to  the hormone (PTH), there was a significant difference (p<0.05)

Table 1: Mean value of demographic data for participants in the two groups

Mean ± SD

----------------------------------------------------------------------------------

Resistance Exercise group Aerobic Exercise group t. value Significance

Age (year) 53.61±4.25 54.12±3.84 1.21 P >0.05

Weight (kg) 72.93±6.42 74.30±7.03 1.35 P >0.05

Height (cm) 169.97±5.01 170.40±6.28 0.98 P >0.05

BMI (kg/m ) 26.34±2.11 25.94±2.14 0.89 P >0.052
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Table 2: Mean value and significance of bone marrow density, serum calcium and parathyroid hormone of group (A) before and after training
Mean ± SD
------------------------------------------------------------------
Before After t. value Significance

BMD of lumber spine (mg/cm ) 125.76± 8.32 160.48± 7.11 6.28 P <0.053

BMD of tibia (mg/cm ) 265.78± 9.84 298.21± 8.77 8.53 P <0.053

BMD of radius (mg/cm ) 271.41± 9.31 315.15± 7.75 8.62 P <0.053

Serum Calcium (mg/dl) 8.76±1.44 10.92± 1.61 5.45 P <0.05
Parathyroid Hormone (pg/ml) 15.62 ±2.53 11.65± 1.92 5.12 P <0.05

Table 3: Mean value and significance of bone marrow density, serum calcium and parathyroid hormone of group (B) before and after training
Mean ± SD
----------------------------------------------------------------
Before After t. value Significance

BMD of lumber spine (mg/cm ) 124.81± 8.75 148.16± 6.62 4.55 P <0.053

BMD of tibia (mg/cm ) 263.56± 9.55 281.28± 8.31 5.04 P <0.053

BMD of radius (mg/cm ) 270.13± 8.12 300.23± 7.02 5.22 P <0.053

Serum Calcium (mg/dl) 8.04±1.29 9.21± 1.18 3.81 P <0.05
Parathyroid Hormone (pg/ml) 14.95 ±2.16 12.65± 1.92 3.32 P <0.05

Table 4: Mean value and significance of bone marrow density, serum calcium and parathyroid hormone in group (A) and group (B) after training
Mean ± SD
-----------------------------------------------------------------
Group (A) Group (B) t. value Significance

BMD of lumber spine (mg/cm ) 160.48± 7.11 148.16± 6.62 3.46 P <0.053

BMD of tibia (mg/cm ) 298.21± 8.77 281.28± 8.31 3.87 P <0.053

BMD of radius (mg/cm ) 315.15± 7.75 300.23± 7.02 4.14 P <0.053

Serum Calcium (mg/dl) 10.92± 1.61 9.21± 1.18 3.21 P <0.05
Parathyroid Hormone (pg/ml) 11.65± 1.92 12.65± 1.92 3.35 P <0.05

Fig. 1: Mean value of demographic data for participants density, serum calcium and parathyroid hormone
in the two groups. of group (B) before and after training.

Fig. 2: Mean value and significance of bone marrow Fig. 4: Mean value and significance of bone marrow
density, serum calcium and parathyroid hormone density, serum calcium and parathyroid hormone
of group (A) before and after training. in group (A) and group (B) after training.

Fig. 3: Mean value and significance of bone marrow
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(Tables 2, 3 and Figures 2, 3) before and after the training A recent consensus statement from the National
program among two groups. Also, there was a significant Institutes of Health Consensus Development Panel on
difference between both groups (p<0.05) (Table 4 and Osteoporosis, Prevention, Diagnosis and Therapy
Figure 4) in values of BMD, serum calcium and concluded that, during the later years of life, exercise in
parathyroid hormone. the presence of adequate calcium and vitamin D intake

DISCUSSION density [26]. Previous meta-analytic research indicated

The prevalence increase in life expectancy disorders exercise improves femur bone mineral density in
among postmenopausal women is becoming more postmenopausal women [27, 28]. 
important. Osteoporosis is a disease characterised by Based on risk estimates of the Nurses’ Health Study,
compromised bone mass and strength, resulting in an about 23% (42%) of the hip fractures in the age group 40-
increase in bone fragility. It is largely diagnosed through 77 years may be prevented by exercising at 9 metabolic
quantitative assessment of bone mineral density, a major equivalent-hour/week [29]. On the other hand, walking
determinant of bone strength [22]. The clinical has already been proven to be a suitable method for
significance and (economic) burden of osteoporosis lowering fracture risk and the rate of bone loss [30, 31].
mainly refer to hip fractures and fractures of the forearm, Thus, fast walking is an adequate tool in osteoporosis
the proximal humerus and vertebrae secondary to low to prevention [32]. 
moderate trauma in postmenopausal women. Worldwide, Furthermore, Postmenopausal women can respond to
approximately 200 million women suffer from osteoporosis exercise training with modest increases in bone mineral
[23]. So, this study aimed at comparing the changes in density through physical activities engaging either joint
bone mineral status after 6 months between aerobic and reaction forces produced by muscle contractions [33],
resistance exercise training in postmenopausal women in ground reaction forces caused by weight-bearing physical
order to find new effective modalities to reverse the activities [34], or a combination of both [35]. 
pathological effects of postmenopausal osteoporosis. Our Mechanical loading is presumed to dominate controls
results indicated that both resistance and aerobic exercise of bone mineral balance. Along with some anabolic
training improve bone mineral status in postmenopausal hormones, mechanical factors probably are crucial in
women; however resistance exercise training induces preventing or reversing postmenopausal bone loss [17].
more effective favourable changes in bone mineral status In animal studies, individual bones displayed an increased
as compared to aerobic exercise training in growth and mineral accretion when they are dynamically
postmenopausal women. These findings are consistent loaded, with sufficient strain magnitude and novel strain
and agree with many previous studies in this area [8-20, distribution, relatively briefly (for up to 36 loading cycles)
23-25, 27-41 and 46-50]. and at intervals of 6 to 8 hour [36]. Physical activity

Mechanical stresses on the bone are an important applies mechanical as well as hormonal influences on
aspect of physical activity that promotes bone bone structure and accumulation of mineral in regions of
preservation and increases in bone mass [24, 25]. The the bone undergoing loading. In addition, it strengthens
mechanical loading of bone through exercise has been muscles and improves balance, thus reducing the overall
investigated thoroughly for its potential to positively alter risk of falls and fractures. Among mechanical influences,
structural variables, including bone mass [19, 24]. This high-amplitude, low-frequency physical activities such as
change in bone as a result of exercise has been attributed weight-bearing activities of rapid locomotion or resistance
to strain (defined as the fractional change in the exercise [37-39]. 
dimension of a bone in response to a changing load) [14], High-intensity exercise could also have stimulated
which represents the key intermediate variable and to its bone mineral density accretion by eliciting secretion of
effect on cells by directly changing their dimensions or pulses of osteogenic hormones, parathyroid hormone [40]
indirectly impacting intralacunar pressure, shear stresses, and growth hormone [41], as their secretion increases in
or charged fluid flow [26]. In addition, accumulating proportion to exercise intensity and intermittent or
evidence suggests that high strain rates and unusual pulsatile increases in their concentration have anabolic
strain distributions are positively related to osteogenic properties [42-44]. It is not clear whether increased
response [19]. secretion of these hormones would have facilitated bone

has a modest effect on slowing the loss of bone mineral

that both aerobic exercise and progressive resistance
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mineral accrual throughout the body, or, as was shown for osteoporosis prevention. In this study, Resistance
parathyroid hormone, enhances it largely at the
mechanically stimulated bone sites [45]. 

Resistance exercise-based intervention significantly
increased bone mineral density at the trochanter and total
hip. Furthermore, no significant changes resulted after
eight months of aerobic exercise and a non-significant
trend towards diminished bone density in the control
group was observed [46]. Together, these observations
suggest that aerobic training protocols, which include
concentric and eccentric muscle actions and loading
impacts although at a lower intensity than with resistance
exercise, produce modest effects on bone mineral density
in older women. In fact, despite being an important
training mode, especially for the induction of
cardiovascular and metabolic changes [47], previous
studies using aerobic training protocols have reported
conflicting results regarding bone mineral density.
Although Silverman et al., found a significant
improvement of 2% at the femoral neck in postmenopausal
women after a 24-week walking program [48], a number of
studies have shown limited bone density improvements
in postmenopausal women after aerobic exercise, one
possible explanation is that aerobic protocols based only
on walking activities, which lack lateral and twisting
movements, do not represent a unique stimulus to bone
[15, 49]. 

Conversely, aerobic protocol included more diverse
activities, such as jogging, skipping, step
climbing/descending, dancing, aerobics and step
choreographies. In fact, the data from Kohrt et al. 1997,
demonstrated that an exercise program including walking,
jogging and stair climbing resulted in significant increases
in bone mineral density of the whole body, lumbar spine,
femoral neck and Ward's triangle [34]. In addition, the
strain levels induced by the aerobic exercise were not
sufficient to improve bone mass [48]. 

Finally regarding the comparison between resistance
and aerobic exercise training, our results on resistance
exercise that induced elevation in bone mineral density are
consistent with a previous study that have similarly
reported the effectiveness of exercise in promoting an
osteogenic response in elderly adults [50].

CONCLUSION

The compliance of patients in addition to economic
status are considered as important factors attributing to
the use of exercise training as a possible effective tool  of

exercise training has shown to induce more effective
favorable changes in bone mineral status as compared to
aerobic exercise training in postmenopausal women.
However, further studies that involve increase in number
of participants and long term exercise duration maybe
required in order to validate the result of this short period
study
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