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ABSTRACT 
 
De Souza RR, Sitta MC, Santarem Sobrinho JM,  Jacob Filho W. 
Long Term Running Exercise vs. Long Term Strength Exercise on 
Femoral Bone Mass Assessed in a Rat Model. JEPonline  
2013;16(2):92-98. This study evaluated the efficacy of long term running 
exercise compared to long term strength training for enhancing bone 
mineral density (BMD) in male rats. Ten Wistar rats aged 3 mth were 
submitted to running exercise (RE group) for 1 hr·d-1, 3 days a week on 
a motor-driven treadmill at 16 m·min-1. Addition 10 male rats (SE group) 
were submitted to strength exercise that was performed 3 d·wk-1 that 
consisted of climbing a 1.1 m vertical (80° incline) ladder with weights 
tied to their tail. In both groups, the training level was maintained for 15 
mth. All rats were sacrificed at 18 mth of age. Sedentary age-matched 
rats served as controls (CO group, n = 10). At death the right femur was 
obtained from each rat and the Bone Mass Density (BMD) of the femur 
was measured using a dual-energy X-ray absorptiometry. The BMD 
measurements revealed a significant training-induced increase in global 
BMD in both the SE and the RE groups with 18 mth of age when 
compared to the CO (P<0.05). Significant difference in BMD was found 
between SE and RE groups (P<0.05). The BMD was higher in the SE 
compared to the RE. In conclusion, the long-term running exercise and 
the long term strength exercise have a positive effect on femoral neck 
bone mass in aging rats. The findings demonstrate the potential 
therapeutic effect of the two types of exercise in protecting against 
osteoporotic fractures later in life. 
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INTRODUCTION 

Osteoporosis is a bone disease characterized by low bone mass and microarchitectural deterioration 
of bone tissue, with a consequent increase in bone fragility and susceptibility to fractures, especially 
occurring in the proximal femur, vertebrae, and wrist (2,14,23,25). Among the health strategies for 
preventing osteoporosis, the impact of both running exercise and strength exercise on bone mass in 
humans and animal models have been amply demonstrated (10,12,18,20,21,26). In these works, the 
exercises were applied for relatively short times (7,16,20,26,33,34). However, to better understand 
the effects of different exercise training on bone mass, it is necessary to compare different protocols 
that have the potential to maximize the osteogenic effects from training (13,24,30). The rat is a widely 
accepted model to study the effects of exercise on bone tissue.  
 
The purpose of this study was to compare the effects of a triweekly (i.e., 3 times·wk-1) resistance 
training with the effects of a running exercise program on a treadmill for 1 hr·d-1, 3 d·wk-1 on bone 
mineral density (BMD) in the femur from Wistar rats. The right femur of exercised-trained male rats 
was examined for evidence of gain of bone mass at 15 mth after exercise training was initiated. Male 
rats were used because they do not suffer from the hormonal changes characteristic of female rats 
that interfere with the animal's bone structure. 
 

METHODS 

Animals 
A total of 30 male Wistar rats were randomly assigned to the strength exercise group (SE group) (n = 
10), the running exercise group (RE group) (n =10), or the sedentary group (control group, CO group) 
(n = 10). During the experiment, food and water were provided ad libitum to all rats. The rats were 
weighed initially and then at death. The rats were sacrificed with an overdose of sodium pentobarbital 
intraperitoneally. They were exposed to a 12:12 hr light-dark cycle, and the exercise program was 
performed during the dark periods. The rats were exercised at the same time each day. The handling 
of the rats was approved by the University Ethics Committee in adherence to the International 
Guiding Principles for Biomedical Research involving Animals. 
 
Procedures 
Running Exercise Protocol 
At 3 months of age, rats from the RE group were subjected to an exercise program of running on a 
motor-driven treadmill for 1 hr·d-1, 3 d·wk-1. The treadmill had an initial speed of 4 m·min-1, gradually 
increasing to 16 m·min-1. Rats from this group  were killed aged 18 mth, after 15 mth of exercise. The 
CO group was also killed aged 18 mth.  
 

Strength Exercise Protocol 
The rats in the SE group were trained to climb a 1.1 m vertical (80° incline) ladder with weights tied to 
their tail (8). They were trained once a day, 3 d·wk-1 for 15 mth. Each training session consisted of 6 
climbs. The weight carried during each session was progressively increased. Over the course of 5 
wk, the maximal amount of weight carried by the rats was 50% of their weight.  
 
The rats in the CO group were placed on the stationary treadmill daily for 10 min.  At death, the right 
hind limb was dissected from the body. After removal of all muscles and other tissues, the femur was 
then prepared for analyses. 
 
 



  
 

94

Determination of BMD by Dual-Energy X-Ray Absorptiometry 
Dual-energy radiograph absorptiometry measurements were made by a scanner (DXA- QDR- 2000 
Plus (Hologic, Whaltman, MA, USA) equipped with Software for small animals (High Resolution Small 
Animals). Its reliability and accuracy are well studied (3,4,6,11,14,15).  
 
Statistical Analysis 
Statistical significance was evaluated by ANOVA and post hoc Newman-Keuls’ test. Statistical 
significance was set at a P value of less than 0.05. 
 

RESULTS 

Effects of Exercise on Body Weight 
Because chronic exercise generally induces a significant reduction in body weight, we compared the 
exercised groups to body weight–matched sedentary controls. However, at time of sacrifice (18 mth), 
the weight of the rats in the exercised groups was not significantly different from the weight of the CO 
group (strength exercise, 380.40 ± 48.31 g; running exercise, 372.40 ± 57.43 g; and the control,  
390.70 ± 40.44 g (Figure 1).  
 
 
 

 

 

 

                   

 

 
 
 
 
 

 
 
 
 
 
 
Figure 1. Effects of strength exercise (SE) and running exercise (RE) on body weight  
of rats after 15 mth of exercise. The data are presented as mean ± SD.  

 

Effects of exercise on BMD  
At the age of 18 mth, the femoral BMD values proved to be significantly higher (P<0.05) in the 
strength exercised group (0.2388 ± 0.0028) compared with the control group (0.2150 ± 0.0113 g·cm-2) 
and with the RE group (0.2267 ± 0.0114) (in both cases, P<0.05). The femoral BMD values (Figure 2) 
were also significantly higher (P<0.05) in the RE group (0.2267 ± 0.0114) compared with the control 
group (0.2150 ± 0.0113 g·cm-2) (P<0.05). 
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Figure 2.  Effects of strength exercise (SE) and running exercise (RE) on BMD measured  
by dual-energy X-ray absorptiometry after 15 mth of exercise. The data are presented as 
mean ± SD. *Significant vs. CO and RE groups (P<0.05); **Significant vs. CO group (P<0.05). 

 

DISCUSSION 

The purpose of this study was to compare the effects of long term running training with the effects of 
strength training in BMD of the femur of rats. The choice of the rat was due to its extensive use as a 
model for studies of aging and osteoporosis (13,17,21). Although several factors may be involved in 
the genesis of osteoporosis, exercise is an important strategy to increase peak bone mass to prevent  
the expected loss by aging (10,13,24,27,29).  
 
There are two major findings in the present study. First, both long term running training and strength 
training showed significant effect on BMD of the femur of rats. Second, BMD of the femur from rats 
submitted to long term strength exercise showed significant difference with RE group. The femur was 
chosen because it has been documented that the weight-bearing bones like the tibia and femur have 
higher sensitivity to treadmill exercise than less weight-bearing bones like the lumbar spine in rats (9). 
There was no significant difference between the body weights of the 3 groups of rats, therefore, it can 
be inferred that the rats constituted a homogeneous group (20). 
 
The present study demonstrated a significant increase in BMD in the rats of the RE group. The 
efficacy of treadmill exercise to increase the bone mass of long bones has been demonstrated in 
male rats by several authors (9,12,16,32). Kannus et al. (12) trained the animals for a short time (8 
wk) on an incline treadmill, but with a progressively increasing load. They observed a significant gain 
in bone mass. Likewise, Mosekild et al. (16) found a progressive increase in bone mass in groups of 
rats that trained on a treadmill for 4 to 10 mth in duration.  
 
On the other hand, it has been demonstrated (1) that strenuous treadmill running (such as 105 min a 
day, with a speed of 30 m·min-1, 10° tilt for 11 wk) is detrimental to the skeletal system. It is possible 
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that these controversial results in the literature are due to the different times of exercise or training 
load that were not enough to stimulate the bone remodeling (22,31).  
 
In the present study, when compared to the sedentary controls, the animals in the SE group exhibited 
a significant enhancement in BMD of the femur. These results are in accordance with Notomi et al. 
(21) who showed that strength exercise significantly increased the parameters of periosteal bone 
formation in the midfemur of rats. However, in a previous study, it was showed that animals receiving 
strength exercise training after 5 mth of exercise did not exhibit a significant enhancement in BMD of 
the femur when compared to the sedentary controls. Thus, it is reasonable to conclude that the 
effects of strength exercise on bone formation are time dependent. 
 
The results cited in the present work were obtained when the BMD was measured by the dual-energy 
X-ray absorptiometry. Several studies (5,19,32) determined that it is a precise tool for measuring 
BMD of rat hindlimbs and for aged. Although the largest amount of knowledge to date on bone 
development and exercise has been acquired using this technique, it should be kept in mind the 
limitations with DXA and interpret the results accordingly (28). 

 

CONCLUSION 

The findings of this study indicate that both long term running and long term strength exercises have 
a positive effect on femoral neck bone mass in rats. 
 
Address for correspondence: De Souza, RR, PhD, Department of Physical Education, São Judas 
Tadeu University, São Paulo, SP, Brazil, Phone +55 11 38899633; mail to: souzarrd@uol.com.br 
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