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Abstract

Since participating in sports training is one of the best modalities to strengthen the bones and
plays an important role in preventing bone injuries, the purpose of this study was to investigate
the effect of an eight-week endurance training of running on positive and negative inclination
on the biomechanical parameters of tibia bone in male Wistar rats. Fifteen Wistar rats with an
approximate age of eight weeks and with a weight range of 180-200 grams were divided into
3 groups with an 8-week training protocol including: Control group (no activity), endurance
training group in positive slope, and endurance training group in negative slope. Three-point
bending test was used to measure biomechanical parameters. The results showed a significant
improvement in maximum mechanical resistance (F max), bone deformation and maximum
energy absorbed to the maximum point of tibia bone strength in the endurance training group
of running on a positive slope compared to the negative slope group and the control group.
Moreover, it was observed that endurance training in positive and negative slopes had no
significant effect on bone stiffness. In addition, this type of endurance training in the negative
slope caused a decrease in the mechanical parameters discussed in the study. Findings indicated
the role of negative slope as a factor in reducing the quality of the biomechanical characteristics
of bones in endurance training. It seems that endurance training of running in a positive slope
can help improve bone indices. However, more considerations are needed in this area.
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Extended Abstract

Background and Purpose

The skeletal system has an important functional and structural role in human
movement and protecting internal organs (1,2). Physical training enhances bone
health and is the first modality for non-pharmacological strategies to prevent the
complications of many chronic diseases. Training or mechanical stimulation is
one of the main factors affecting bone mass (3). It has been widely accepted that
the mechanical load caused by exercise increases muscle mass, causing
mechanical stress in the skeleton (4). The precise effect of endurance training on
bone tissue is not clear due to the contradictory findings of past studies. Therfore,
the definitive role of endurance running exercises on bone health is controversial.
The purpose of the present study was to investigate the effect of an eight-week
endurance training period on positive and negative slope on the biomechanical
parameters of Tibia bone in the Wistar male rats.

Materials and Methods

The research sample includes 15 male rats with an approximate age of eight
weeks, weighing between 180-220 grams. The subjects were randomly divided
into 3 groups (5 rats in each group), including the control group, the healthy group
- running on a positive slope, and the healthy group - running on a negative slope.
The training groups performed endurance training program with positive and
negative slope 5 times a week for 8 weeks, according to the table 1.

For a week, the rats in the exercise group were familiarized with how to run on a
rat-specific electronic treadmill on both positive and negative slopes. In the first
week of the exercises, the rats of both groups, running on positive and negative
slopes, were warmed up by walking slowly for five min at a speed of 0.03 m/s
(1.8 m/min), and then the speed increased every three minutes until the rats were
unable to walk and started running. The intensity of endurance training started
from 45% of peak aerobic power with a speed of 10 m/min in the first week and
continued with a speed of 17 m/min and 75% of peak aerobic power (all steps
were applied in the table of ET on positive and negative slopes). The number of
repetitions in training on positive and negative slopes in the first week was five,
including four repetitions of 45% intensity (10 m/min) and one recovery repetition
of 25% intensity (5 m/min). The total time of one session started from 25 minutes
and continued up to the eighth week with nine repetitions, including six repetitions
with an intensity of 75% of peak aerobic power at a speed of 17 m/min and three
repetitions with an intensity of 50% of peak aerobic power and 7 m/min and a
total session time of 60 minutes. It should be noted that the time, speed, slope, and
intensity of the shock were determined quite digitally when running on the Animal
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treadmill (Model: Mahour, 5 lines, +15-degree slope). The details of the ET
program are presented in Table 1.

Table 1. Endurance training on positive and negative slopes

Activity Intensit Intensit Total
Week repetition Speed of y of y Speed of exercise
and (m/min) - recovery(m/min) time
activity recovery -

recovery (min)
1 4.1 10 45% 25% 5 25
2 4.1 11 50% 30% 5 30
3 5.2 12 55% 30% 6 35
4 5.2 13 60% 35% 6 40
5 5.2 14 65% 40% 6 45
6 6.3 15 70% 45% 7 50
7 6.3 16 75% 50% 7 55
8 6.3 17 75% 50% 7 60

In order to measure the mechanical strength of the bone, the three-point bending
test and force -time curve was used to identify stiffness (N/mm), maximum
mechanical resistance (F max) (N) and absorbed energy to the point of maximum
strength (N/mm).

Normality of data distribution and homogeneity of variance were tested using the
Shapiro-Wilk and Leven tests, respectively. Then, using independent t-test,
healthy control groups and running in positive and negative slopes were
compared. The obtained results were analyzed using one-way analysis of variance
(p < 0.05).

Findings

The results of the Shapiro-Wilk test showed that the data distribution is normal.
Leven's test also showed the homogeneity of variances. Running in a positive
slope had a significant effect on the amount of Fmax of the tibia bone (p=0.001).
Running on a negative slope caused a significant decrease in Fmnax compared to the
group running on a positive slope (p=0.001) and the control group (p=0.07).
Running in a negative slope compared to a positive slope caused a significant
decrease in tibia bone stiffness (p=0.02). The amount of tibia bone deformation in
the positive slope group was significantly higher than the negative slope group
(p=0.008) and the control group (p=0.029). The amount of energy absorption of
the tibia due to running on a negative slope reduced significantly (p=0.05)
compared to the group of running on a positive slope (p=0.014).
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Conclusion

Based on the results of the subjects in the endurance training group of running on
a rodent treadmill in a positive slope at the end of 8 weeks of training, there was
a significant difference in the discussed biomechanical parameters, including
maximum bone resistance, bone deformation, and maximum absorbed energy,
compared to the control group and negative slope group (6,7).

Endurance training in the positive slope improved the maximum mechanical
resistance in tibia probably according to the increasing effect on the organic and
mineral content of bone. However, according to the reduction of this parameter in
endurance training in the negative slope in the subjects, it can be stated that the
training in the negative slope may have adverse effects on the bones, which may
change the direction of the force components on the body.

Keywords: Endurance Training (ET), Biomechanics, Tibia Bone, Three-Point
Bending Test, Animal Model

Relevancy

In total, the present study was able to show that endurance training in positive
slope improved the biomechanical parameters of the tibia bone in rats. In contrast,
performing endurance training in a negative slope showed a reducing effect on
bone biomechanical parameters. It seems that by carefully examining the studies,
the reason for the difference in the study’s findings can be found in factors such
as differences in the type of exercise, age range, race, and duration of the course.
However, more studies are needed in this area for a clearer evaluation of the
intervention process of sports training on bones.Therefore, more research in this
field is recommended using different types of physical exercises with different
intensity and volume.
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