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Introduction and Purpose: The effect of concurrent training on the quadriceps and
hamstring muscles, particularly through aerobic activities such as walking and running
backward, has been less studied. This study aimed to examine the impact of concurrent
training on the thickness, strength, and strength ratio of the quadriceps and hamstring
muscles in middle-aged men.

Materials and Methods: This semi-experimental study included 48 men aged 50 to
65 years, who were randomly divided into four training groups: (1) strength-aerobic
with forward walking, (2) strength-aerobic with backward walking, (3) resistance, and
(4) control. The training was performed over eight weeks, with three sessions per week.
Assessments of body composition, balance, thickness, strength, and the quadriceps-to-
hamstring strength ratio were conducted before and after the training period. The data
were analyzed using repeated-measures ANOVA, with a significance level set at
P<0.05.

Results: No significant differences were observed between the exercise groups in
weight, body mass index, quadriceps thickness, hamstring strength, and balance
(p>0.05). Fat-free mass and hamstring muscle thickness increased significantly in the
exercise groups compared to the control group (p<0.05). The increase in quadriceps
strength was significant only in the resistance training group (p<0.05). The ratio of
quadriceps strength to hamstring strength decreased significantly in the strength—
aerobic training groups and increased significantly in the resistance training group
(p<0.05).

Conclusion: Concurrent training, with an emphasis on aerobic activities (walking and
running backward), improves body composition, increases hamstring thickness,
corrects the quadriceps-to-hamstring strength ratio, enhances muscular balance and
motor performance, and reduces the risk of injury in middle-aged men.

Key words: Concurrent Training, Muscle strength and thickness, Walking-running
backward, Middle-aged men
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Extended Abstract

1. Introduction and Purpose

Middle age refers to the period of life between young
adulthood and old age, typically defined as the age
range of 40 or 45 to 65 years. During this stage of life,
physical functional limitations increase with age,
leading to a gradual decline in aerobic fitness,
strength, and muscle mass. The most recognized age-
related change in skeletal muscle is the reduction of
muscle mass, which is attributed to physical inactivity,
a halt in the ability to synthesize new protein, and a
decrease in the number and size of skeletal muscle
fibers. Concurrently, changes in the biomechanical
capacities of individuals during aging can lead to
injuries and gait disturbances, increasing the
prevalence and severity of postural and gait disorders.
As timely interventions through evidence-based
training methods may play a vital role in preventing
physical disabilities in later years, a combination of
strength and aerobic training (concurrent training)
appears to be the most effective strategy for improving
neuromuscular and cardiorespiratory functions in
older adults, particularly when backward walking-
running is incorporated into the aerobic training
component. Previous studies have inadequately
investigated the effect of concurrent training, with an
emphasis on aerobic activities (specifically backward
walking-running), on the quadriceps and hamstring
muscles. Therefore, this study aimed to investigate the
effect of concurrent training on the thickness, strength,
and quadriceps-to-hamstring (Q:H) strength ratio in
middle-aged men.

2. Materials and Methods

This quasi-experimental study with a pre-test/post-test
design was conducted on middle-aged men aged 50 to
65. Subjects were randomly assigned to one of four
groups of 12: 1) Strength & Forward Aerobic
Training, 2) Strength & Backward Aerobic Training,
3) Resistance Training, and 4) Control. Muscle
thickness and volume were measured using
ultrasonography, quadriceps and hamstring strength
with a dynamometer, static balance with the Berg
Balance Scale (BBS) system, and body composition
using a body composition analyzer. Height and weight
were measured at the beginning and end of the study.
The eight-week training program consisted of three
sessions per week, with each session lasting between
60 to 90 minutes, including a 15-minute warm-up and
a 10-minute cool-down. Resistance training was
performed using machines and free weights. Exercises
were conducted in three sets of 10 to 12 repetitions,

with a 30-second rest between sets and a 60-second
rest between exercises.

In the first phase, the aerobic training for both
concurrent training groups included treadmill walking
(approx. 10 minutes) and stationary cycling (approx. 5
minutes). In the second phase, the Strength & Forward
Aerobic group performed forward walking-running on
the treadmill, while the Strength & Backward Aerobic
group performed backward walking-running on the
treadmill. The intensity and duration of aerobic
training increased from 70-75% of maximum heart
rate for 20 minutes in the initial weeks to
approximately 80-85% for 30-35 minutes in the final
weeks. Intensity was monitored using a heart rate
monitor and by checking the radial pulse.

To analyze the data, the homogeneity of variances was
assessed using Levene's test, and the normality of data
distribution was checked using the Shapiro-Wilk and
Kolmogorov-Smirnov  tests.  Assuming  these
preconditions were met, a repeated-measures ANOVA
was performed, followed by a Bonferroni post-hoc test
if significance was found. Analyses were conducted
using SPSS version 21, with the significance level set
at P<0.05.

3. Results

Based on the results, a significant time-by-group
interaction effect was observed for lean body mass,
hamstring muscle thickness, quadriceps strength, and
the quadriceps-to-hamstring strength ratio.

The Bonferroni post-hoc test showed that lean body
mass significantly increased in all three experimental
groups (from pre- to post-test) compared to the control
group (Group 1: P=0.001, Group 2: P=0.03, Group 3:
P=0.007). However, there was no significant
difference among the three experimental groups
(P>0.05). Hamstring muscle thickness also
significantly increased in all three experimental
groups compared to the control group (Group 1:
P=0.0001, Group 2: P=0.001, Group 3: P=0.002), with
no significant difference observed among them
(P>0.05).

Quadriceps strength significantly increased only in
Group 3 (resistance training) from pre- to post-test
(P=0.005). However, no significant difference was
found among the three experimental groups (P>0.05).
The quadriceps-to-hamstring strength ratio showed
significant changes in all three experimental groups
compared to the control group. Groups 1 and 2
exhibited a significant decrease (P=0.001), while
Group 3 showed a significant increase (P=0.001).
Furthermore, significant differences were found
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between the experimental groups (except between
Groups 1 and 2).

Regarding weight, body mass index, quadriceps
muscle thickness, hamstring strength, and balance, the
time-by-group interaction effect was not significant
(P>0.05).

4. Discussion and Conclusion

The results of this study indicate that concurrent
training with an emphasis on backward walking-
running activities has a considerable impact on the
physical performance indices of middle-aged men,
leading to improvements in body composition and
significant changes in the quadriceps-to-hamstring
strength ratio. However, for greater efficacy, it appears
that the training period should be extended to at least
12 weeks with four sessions per week, and balance
exercises should be incorporated. Therefore, given the
differences in training methodologies and the limited
existing evidence, further research is necessary to
investigate  various components of physical
performance.
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