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ABSTRACT

Introduction: Relief work is inherently associated with various stress-inducing factors due to the nature
of the profession. Among relief-related professions, firefighters, due to the responsibilities related to
firefighting and safety services, are exposed to various physical and chemical hazards. Therefore, the
primary aim of this research was to compare the effect and practice retention, central and operational and
skill-based stability over the balance of the firefighters with and without firefighting and rescue clothing
and Hazardous Materials.

Material and Methods: The statistical population consisted of 5500 firefighters from the city of Tehran.
As for the intervention, in the first group, central stability exercises, and in the second group, operational
and skill-based exercises were performed by the firefighters during their shift days for a period of 6 weeks.
The balance of the firefighters in both groups was measured at three stages: at the beginning of the
intervention, immediately after the 6-week training period, and one month after the end of the training.
The “Y Balance” board was used to assess the firefighters’ balance. Data analysis was performed using
repeated measures analysis of variance and the Bonferroni post hoc test at a 5% significance level, using
version 26 of the SPSS software.

Results: According to the results of this study, the balance of firefighters in both the right and left legs
was significantly greater in the operational and skill-based training group compared to the central
stability training group, both immediately after training and one month later (p < 0.05). With performing
operational and skill-based training, right leg balance in the rescue suit was significantly higher than in
the fire protection and hazmat suits (p < 0.05), while there was no significant difference between the fire
protection and hazmat suits (p > 0.05). Left leg balance in the rescue suit was significantly higher than in
both the fire protection and hazmat suits, and balance in the fire protection suit was significantly higher
than in the hazmat suit (p < 0.05). Additionally, firefighters’ balance significantly improved after balance
training (p < 0.05), and there was no significant difference between the balance measured one month
after training and immediately after training (p > 0.05).

Conclusion: In addition to the fact that core stability exercises particularly task specific functional training
are effective in improving balance and preventing injuries, the retention of these effects over time should
be taken into account.
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1. INTRODUCTION

Relief work is one of the professions that is
accompanied by stressful factors due to its nature.
Among relief-related professions, firefighters, due
to the responsibilities related to firefighting and
safety services, are exposed to various physical and
chemical hazards including high temperatures,
chemicals, noise, etc. To protect their lives and
ensure their safety, the firefighters are required to
wear personal protective clothing and equipment
which sometimes weigh over 22 kilograms.
Furthermore, the unpredictable environment and
insufficient visibility, along with fatigue caused by
prolonged operations, are factors that negatively
affect firefighters> balance and performance during
operations. Maintaining balance during activity
requires to generate sufficient force through the
muscles and apply it to the bodyss levers, which
necessitate the complex interaction between
the musculoskeletal and nervous systems. Thus,
balance can be defined as a complex motor skill
that describes the bodys dynamic posture in
preventing falls. Maintaining balance creates a
complex interaction between internal factors
(proprioception, hearing, and vision) and muscular
system. Therefore, the primary aim of this research
was to compare the effect and practice retention,
central and operational and skill-based stability
over the balance of the firefighters with and without
firefighting and rescue clothing and Hazardous
Materials.

2. MATERIAL AND METHODS

The statistical population consisted of 5500
firefighters from the city of Tehran. The sample size
was determined using G\Power statistical software,
based on a repeated measures ANOVA test. For
performing the test in significance level of 5% (a
= 0.05), a test power of 90% ( = 0.10), a medium
effect size (d = 0.25), and number of repetition of 8,
was obtained equal to 20 individuals (2 groups of
10). The Sampling was performed using the random
cluster sampling method. The inclusion criteria for
the study were male gender, a minimum of 5 years
of operational shift experience, a medical check-up
within the last 6 months by a physician approved
by the Tehran Municipality, an age range of 25 to 35
years, and the exclusion criteria included a history of
lower limb fractures in the past 6 months, a history
of balance disorders or dizziness, use of sedative
or any medication affecting balance or cognitive
function, or participation in training outside of
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the study protocol. Prior to the commencement of
the study, the firefighters were informed about the
research procedures. At the beginning, a consent
form was provided to the participants to sign if
they agreed to take part in the study and assist
the researchers. Then, personnel were selected
according to the inclusion and exclusion criteria.
In the second stage, data related to demographic
information and study variables were collected
from each firefighter. In this study, the “Y Balance”
board was used to assess the firefighters” balance. In
the first group, central stability exercises, and in the
second group, operational and skill-based exercises
were performed by the firefighters during their
shift days for a period of 6 weeks. At the beginning
of the study, the balance of the firefighters in both
groups was measured at three stages after the
6-week training period, and one month after the
end of the training, across three types of personal
protective clothing (firefighting, rescue, and Level
A hazmat suits). Data analysis was performed using
repeated measures analysis of variance and the
Bonferroni post hoc test at a 5% significance level,
using version 26 of the SPSS software.

3. RESULTS AND DISCUSSION

According to the results of this study, the
balance of firefighters in both the right and left
legs was significantly greater in the operational
and skill-based training group compared to the
central stability training group, both immediately
after training and one month later (p < 0.05). With
performing operational and skill-based training,
right leg balance in the rescue suit was significantly
higher than in the fire protection and hazmat suits
(p < 0.05), while there was no significant difference
between the fire protection and hazmat suits (p
> 0.05). Left leg balance in the rescue suit was
significantly higher than in both the fire protection
and hazmat suits, and balance in the fire protection
suit was significantly higher than in the hazmat
suit (p < 0.05). Additionally, firefighters’ balance
significantly improved after balance training (p
< 0.05), and there was no significant difference
between the balance measured one month after
training and immediately after training (p > 0.05).

4. CONCLUSIONS

Given that various types of personal protective
clothing—with or without equipment and respiratory
devices—can lead to balance impairments in
firefighters, it is recommended that central stability
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exercises and especially operational and skill-based
exercises be implemented to improve balance and
preventinjuries. Inaddition to their role in enhancing
balance and injury prevention, these exercises have
also shown lasting effects over time. Ultimately,
impaired balance increases the risk of injury. The
results indicated that operational and skill-based
exercises compared to central stability exercises,
had a significantly greater impact on balance and its
retention among firefighters across all three types
of personal protective clothing (firefighting, rescue,
and Level A hazmat suits). Regarding the three types
of personal protective clothing, the Level A hazmat
suit had the lowest balance scores, followed by the
firefighting suit, and finally the rescue suit with the
highest scores. Similarly, in terms of mobility and
balance with equipment (rescue) and respiratory
devices, the Level A hazmat suit scored the lowest,
followed by the firefighting suit, and the rescue suit
scored the highest.

Finally, it can be stated that wearing equipment
and respiratory devices, compared to not wearing
them, leads to greater imbalance and limited
accessibility for firefighters during incidents.
Considering that imbalance is observed among
firefighters and is closely related to occupational
injuries, it is therefore recommended to perform
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central stability, and operational and skill-based
exercises to enhance physical fitness, operational
readiness, balance, and its retention in order to
prevent work-related injuries; one major finding
of the present study was the higher effectiveness
of operational and skill-based exercises compared
to central stability exercises. In conclusion, it is
recommended that future studies be conducted
among firefighters of other genders and using
alternative balance assessment tools. Strengths of
the present study include improved performance
and reduced risk factors for firefighter injuries,
while a weaknesses were the small number of
participants.
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