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Students may suffer from less activity due to their studies and research work, resulting in musculoskeletal
disorders (MSDs), poor physical fitness, and a variety of non-transmissible diseases, particularly at early entrance to the
university. Therefore, this study aimed to compare the effectiveness of NASM-based combined training exercise on
MSDs and physical fitness parameters (PFPs) of male students. In this semi-experimental study, 40 male students aged
18-20 years from Isfahan University of Technology were selected as subjects and randomly divided into experimental
and control groups. The experimental group participated in the NASM training sessions for 8 weeks, three sessions per
week and 1 hour per session. Before and after the intervention, levels of MSDs were assessed through New York test
(to achieve a total score) and physical fitness of subjects by measuring muscle strength, flexibility, cardiovascular
capacity, and agility. Data were analyzed by the repeated measures analyses of variance (ANOVA) using SPSS V. 24
software. Results indicated significant MSDs (p=0.001) and PFPs such as weight (p=0.018), flexibility (p=0.001),
agility (p=0.001), strength (P=0.005), and maximum oxygen consumption (p=0.005). There were significant differences
in all PFPs and MSDs in pretest compared to posttest (p>0.05). No significant difference was observed in the group
interaction with the weight measurement step (p=0.159). The results showed that some PFPs, such as flexibility,
strength, and cardiovascular endurance, reduce in individuals with MSDs. By performing NASM-based combined
training exercises, MSDs can be reduced to a great extent, thereby, improving the PFPs. Musculoskeletal abnormalities,
combined exercises (NASM), physical fitness.
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Introduction shoulders, lower extremities, forearms, and hands [1,
2, and3]. Repetitive movements or continuous
postures can result in modulations in muscle length,
strength, and stiffness; thus, such adaptations may
cause motor disorders [2]. In other words, MSDs

Physical health and having a desirable
physical condition are very important in human
life and its positive and negative changes can affect

other aspects of life. Musculoskeletal disorders can cause motor disorders in various organs of the

(MSDs) occur in “individuals - posing long-term body [4] imposing considerable treatment costs
inappropriate conditions while working and in [5].

daily activities. This will lead to negative effects
on the muscles, tendons, ligaments, joints, peripheral
nerves, and blood vessel support involving various
areas of the body including the lower back, neck,

Desirable physical fitness plays an important
role in the health of the community as physical
and psychological illnesses and discomforts result
from inactivity, mechanized life, and low physical
fitness in majority of cases [6 and 7].The
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on the physical, psychological, economic, and
social dimensions [8]. According to numerous
studies that have examined the role of physical
activity as a physical fitness intervention on the
improvement of MSDs, the main cause of MSDs
can be attributed to low physical fitness parameters
(PFPs), such as muscular strength and endurance,
cardiovascular capacity, balance, and flexibility [9
and 10].

In order to improve PFPs and MSDs, a variety
of training protocols have been presented by
researchers. Recently, the USA National Academy
of Sports Medicine (NASM) presented a new
corrective protocol comprising four stages of
inhibition, stretching, activation, and integration
techniques [11]. The protocol recommends that,
instead of simply stretching the shortened or stiff
muscle, it is advisable to first apply inhibition
exercises and then stretching exercises on the
muscle. In the self-myo-facial release technique,
the receptors are stimulated to provide an
inhibitory response in the muscle spindle and to
reduce the gamma activity by continuous pressure
with a certain intensity, amount, and duration. This
concept was supported by a controlled experiment
by Ho et al.,, who reported that pressure could
significantly increase the range of motion through
a high-intensity object (maximum pain tolerance)
for a short time of 30 seconds, or low intensity
(minimum pain tolerance) for a longer time of 90
seconds [12]. Also, rather than merely strengthening
weakened muscles, it is better to use the integration
exercises in the end [11].

Because MSDs come with lots of complexities,
it seems necessary to utilize updated exercise
protocols to correct and rehabilitate these disorders.
However, exercises should be considered that, in
addition to focusing on the level of abnormality,
can improve PFPs as the main preventative factors
in the occurrence of MSDs. In addition, no
research has been found to examine the effect of
NASM on the PFPs and MSDs. Therefore, this
study aimed to compare the effectiveness of
combined training exercises with NASM approach
on MSDs and PFPs of male students.

Materials and methods

The present study was quasi-experimental with
pretest-posttest design conducted on non-athlete
male students at Isfahan University of Technology
in 2018. Of this population, 40 individuals were
selected as the subjects with purposive convenience
sampling method, and randomly divided into
experimental and control groups. Before
participating in the research, all subjects completed
consent forms and were then evaluated for MSDs
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and PFPs before and after the intervention. The
present study was started after the project
approval and receiving the Code of Ethics from
Isfahan University of Technology. The inclusion
criteria were no history of regular physical
activity, physical illness, mental illness, upper and
lower spinal surgery, and no use of specific
medications. Exclusion criteria included a history
of physical activity, mental illness, spinal surgery,
and those with lower back pain during the
research, whom were excluded because this pain
was likely to affect their posture type.

MSDs were assessed by the New York self-
evaluation-based questionnaire, chessboard, and
mirror box. PFPs were evaluated by an electronic
dynamometer to determine the strength of the leg
and back muscles, and Queens step test to
measure cardiovascular fitness. The subjects’
flexibility was determined with sit-and-reach test.

New York test: This was used as an observational
and self-evaluation-based test through a chessbhoard
to measure MSDs in individuals. Studies have
reported levels of reliability and validity for such
observational and self-evaluation-based methods as
the chessboard [13]. In a domestic investigation,
Ganji showed the reliability of the New York test
at 95% confidence in spinal measurement examined
by two testers [14]. Scores in this test were recorded
while subjects were positioned from the side and
posterior aspects with minimal clothing standing
on bare feet in front of a chesshoard. The evaluator
began to evaluate 11 types of MSDs from 3-4 m,
and then recorded the evaluation data in a form
prepared according to the Likert scale (normal,
mild, and severe). The severity of disorders for
each section and a total score were recorded as
physical abnormalities of the subjects.

Foot and trunk muscle strength test: This test was
used to measure the leg and trunk muscle strength
of the subjects by an electronic dynamometer
device. A very high (97%) reliability has been
reported for the dynamometer [15]. The subject
stood up on the board with bent knees while
grasping the dynamometer knob and pulled it
upward with full power using the strength of leg
and back muscles. The number on the device
displayed the muscle strength level of the subject.

Queens step test: This test is used to measure
maximum oxygen consumption of individuals or,
in other words, the cardiovascular capacity. In a
study on the Queens test, Hessam et al. reported a
reliability of 88% indicating a good reliability for
this test [16]. The subjects started walking up and
down on a step (40 cm height) with a steady
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rhythm for 3 minutes. Then, subjects’ heart rates
were measured and introduced to a digital set of
Queens test to calculate and record the
cardiovascular capacity of the subjects.

4%x9 m shuttle-run (agility) test: This type of
running measures agility. The subject was placed
behind the starter line, started running after
hearing “go”, and traveled 9 m speedily. After
reaching the end line, the subject traveled back the
route to the start line and ran the 9-meter shuttle
route once more. On the return, the subject passed
over the start line and the chronometer time was
recorded for the subject [17].

Sit-and-reach test (flexibility): This test has been
designed and implemented to measure the overall
body's flexibility. This test is taken by a graduated
box to measure the flexibility of hamstring muscles.
To this end, the subject was sat on the ground while
the knee joint was wide open and placing the sole
on the general surface of test box. The subject
then put his hands on one another while the palms
were downward and took forward the knees as far
as possible while knees were straight and kept
them on the horizontal and graduated test surface
for 2 seconds. The test was repeated 3 times and
the highest score was considered as the subject's
score. This test has been taken from the series of
AAHPERD tests. This test was measured by a box
equipped with an electronic flexibility measuring
device [18].

Instructions for combined exercises with NASM
approach: The subjects were asked to practice
NASM for 8 weeks in three sessions each for one
hour. Initially, the warming up program was
performed for 10 minutes, then the 40-minute
training session, including NASM's deep-sensory
strength training, was completed and finally, 10
min was devoted to cooling. The training protocol
included four stages of inhibition, stretching,
activation, and integration [11]. In the inhibition
technique, the release of tension was done using a
roller foam (hard type), which increases pressure
on soft tissue structures and access to deep fascia
layers. In this exercise, the subject moved the
roller foam onto the intended area for 30 seconds
[11]. Stretching technique was used to increase
elasticity, length, and range of bodily soft tissues.
Each stretch was maintained for 30 seconds. The
activation technique was used to retrain or increase
the activity of tissues with low activity. These
exercises were performed with 10-15 repetitions.
The integration technique was used to retrain and
coordinate the nerve and muscle functions through
progressive functional motions, which included
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the use of entire dynamic body exercises based on
the motor and enduring muscles of the body.

Data were organized by descriptive statistics in
Excel 2016 software and then analyzed by the
combined repeated measures analysis of variance
(ANOVA) using SPSS V. 24 software.

Results

As indicated in Figure 1, the control and
experimental subjects were examined for age,
weight, and height in terms of homogenization.
There were 20 subjects in each experimental and
control group, with mean ages of 18.8 and 18.7
years in the former and the latter, respectively.
Mean weight was 74.3 kg in the experimental
subjects and 715 kg in the control. The
experimental and control subjects had mean heights
of 176.6 and 177.1 cm, respectively

Figurel. Demographics of the subjects
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As shown in Table 1, the NASM approach, in
addition to a significant improvement in MSDs (p
=0.001), could improve PFPs such as weight (p =
0.018), flexibility (p = 0.001), agility (p = 0.001),
strength (p = 0.005), and maximum oxygen
consumption (p = 0.005).

Table 1. Paired comparison of the research variables before and
after the intervention in the experimental and control groups

Variables t Sig.
Weight Cor]trol 0-476 0-639
Experimental 2-585 0-018*

Flexibility Control -0-462 0-649
Experimental -6:866 0-001*

Agility Control 1-065 0-301
Experimental 5-105 0-001*

Strength Control 1-125 0275
Experimental -3-167 0-005"

Control 0-645 0-527

Maximum oxygen consumption

Experimental -3-208 0-005*
Total disorder score Control -0-809 0-428
Experimental -10-758 0-001~

* Indicates significance level.
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As shown in Table 2, the values of combined
repeated measures ANOVA indicate that the intra-
group effects related to the measurement stage, and
the group interaction x the measurement step are
statistically significant as indicated with asterisks
(*) in the table (P < 0.05). In fact, significance of
the interaction means that the research groups
behaved differently at different measurement
times. The significance of the group effect means
the overall difference between the mean scores
related to some physical fitness subscales and MSDs
among the experimental and control groups. There
were significant differences in all PFPs and MSDs
in pretest compared to posttest (P < 0.05). No
significant difference was observed only in the
interaction of the group with the weight
measurement step (p = 0.159).

Table 2. Combined repeated measure ANOVA related to intra-
group effects

Variables t Sig.
Weight Control 0-476 0-639
Experimental 2-585 0-018*
Flexibility Control -0-462 0-649
Experimental -6:866 0-001~
Agility Control 1-065 0-301
Experimental 5-105 0-001*
Strength Control 1-125 0-275
Experimental -3-167 0-005*
Maximum oxygen Control 0-645 0-527
consumption
Experimental -3-208 0-005*
Total disorder score Control -0-809 0-428
Experimental -10-758 0-001*

* Indicates significance level.

Discussion

The aim of this study was to compare the
effectiveness of combined training exercises with
the NASM approach on MSDs and PFPs of male
students. The findings of the study showed
significant improvements in the status of MSDs
and some of PFPs such as muscle strength,
flexibility, maximum oxygen consumption, and
agility of the combined exercise group after 8
weeks of training. Several factors contribute to the
development of MSDs, which can be corrected by
adopting a regular corrective program. Some PFPs
may be affected after MSDs ultimately leading to
weakness. Since the PFPs are interdependent,
deficits in one may dramatically influence another
one, and any weakness in the PFPs caused by
MSDs needs correction and rehabilitation [10].
The results of this study showed that combined
training with NASM approach could improve
MSDs and subsequently some of the PFPs.
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A study by Hunton et al. (2000), who used two
self-myofascial release and stretching techniques, is
similar to the current research [19]. Hyndel et al.
(2012) examined the mechanism and effect of
neuromuscular stretching exercises on the muscle
range of motion and function and concluded that
neuromuscular stretching improved muscle strength
and range of motion [20]. Donald et al. (2013) used
the inhibition technique and showed that the two-
minute  self-myofascial ~ release  technique
significantly increased the motion range of
quadriceps muscle with no definite effects on the
force production and development [21]. Lennigan
and Harrison (2012) showed that the self-myo-
phasic release technigque on the sole had a positive
effect on the reactive strength profile and vertical
jump in the one-leg jump-hop test [22]. Biret
(2004) applied an isometric activation technique
and stretching exercises to increase the strength of
erector spine muscles in people with kyphosis,
and eventually found that increased muscle
strength played an important role in maintaining
posture and improved kyphosis abnormality [23].
The positive results of these exercises are
consistent with those of this study.

The strength and endurance of abdominal
muscles are one of the important factors in the
prevention of low back pain and various MSDs.
People with muscular weakness often suffer from
muscle soreness and are easily susceptible to
multiple damage [24]. The strength and endurance
of abdominal muscles are considered as one of the
most important factors in health-related physical
fitness [24]. An increase in lumbar lordosis is
probably due to weakened abdominal muscles,
particularly the rectus abdominis muscle. Hence,
supportive programs are prescribed for the muscle
correction and treatment, and abdominal
strengthening exercises should be performed to
prevent anterior pelvic tilt and lumbar lordosis
rise.

The subjects were evaluated for lumbar
flexibility as one of the health-related fitness
parameters [25]. The relaxing lower back muscles
have a direct effect on the lumbar lordosis due to
the reduced posterior distance between the
vertebrae and attachment to the lumbar structure;
the shortness of these muscles causes anterior
pelvic orientation maintaining lumbar lordosis.
Apart from the body posture, when these muscles
shorten, the waist poses in some degrees of
extension, the level of which is equal to the
shortness of the above muscles [26]. Therefore,
decreased flexibility of the above muscles is a risk
factor for increasing lumbar lordosis. The results
of this study indicate that the posttest levels of
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flexibility were significantly different between the
experimental and control groups, which is in line
with those of Kaykhaye Hosseinpour et al. [27]
and Ghorbani et al. [28].

Kyphosis is associated with such fallouts as
impaired physical and motor functions, as well as
problems with pulmonary function and increased
probability of vertebral fractures. In addition,
patients with kyphosis suffer from limited
movement in the upper extremity, along with
decreased chest expandability. In this regard,
research evidence suggests that levels of
respiratory indices in the group with kyphosis are
significantly lower than those of normal groups.
Exercise increases the amount of metabolic
activities and, to respond to it, the pulmonary
ventilation and cardiac system should act
simultaneously to increase the amount of minute
ventilation and cardiac output. The function of
cardiovascular muscles improves as a result of
exercise, which can improve cardiovascular
parameters such as cardiovascular capacity, tidal
volume, end-inspiratory and expiratory volumes,
inspiratory and expiratory flow rates, and so on.
[29]. According to our observations, corrective
exercises with NASM approach can improve
kyphosis and subsequently promote cardiovascular
parameters, especially cardiovascular capacity,
which is in agreement with Alizadeh et al. [2011;
30], Cado et al. [2005; 31], Harrison et al. [2007;
32], and Hong et al. [2005; 33].

There is a direct correlation between PFPs
and agility with MSDs. Since agility is the outcome
of all PFPs, an improvement in this factor can be
indicative of improvements in MSDs, as
demonstrated in this research and also by those of
Nikroo et al. [2014; 34] Jafari et al., [2014; 35],
Arazi [2015; 36], and Taheri et al. [2017; 37].

Conclusion

Due to the nature of their work and spending
part of times for studying, students suffer from
impaired mobility. In addition, maintaining
improper physical postures (study position, working
on computers, sitting, standing, and so on.) for long
times have led to a variety of MSDs among students.
Our findings showed that some of PFPs such as
flexibility, —muscular strength, cardiovascular
endurance, and agility decrease in students with
MSDs. Providing corrective exercises, especially
combined exercises with the NASM approach, can
improve MSDs in addition to improving PFPs. It is,
therefore, recommended that therapists, reflexology
practitioners, and instructors to use these types of
exercises to reduce MSDs and improve PFPs..
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