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Abstract The aim of this study was to evaluate the fit-
ness level of Italian male recruits with (volunteers) and
without (novices) previous fire-fighting experience.
Strength (handgrip; 1RM bench-press), power (counter
movement jump (CMJ)), velocity (20 m) and endurance
(with and without self-contained breathing apparatus 
(SCBA)) performances of 29 volunteer (age: 22±3 years;
BMI: 23±2) and 51 novice (age 30±5 years; BMI 25±2)
fire-fighting recruits were compared (p<0.05). Volun -
teers showed better performances (p<0.01) for 1RM
(80.5±16.5 kg), CMJ (31.4±4.8 cm) and 20 m (3.1±0.2 s)
than novices (1RM=68.3±10.5 kg; CMJ=28.0±4.5 cm; 
20 m=3.2±0.2 s). No difference emerged for handgrip
(481.7±71.4 N) and VO2max with (42.9±5.2 ml/kg/min)
and without (54.7±6.2 ml/kg/min) SCBA. Wearing the
SCBA, 3% of volunteers and 16% of novices failed to

complete the endurance test. Considering that fire fight-
ers perform their job wearing SCBA, it could be advis-
able to test the fitness level of recruits in this condition.

Key words  Aerobic power · Strength · Vertical jump ·
Self-contained breathing apparatus

Index Medicus The evaluation of fitness level is neces-
sary to recruit fire fighters and to develop conditioning
programmes for fire fighters to prevent the decline of
physiological function and to avoid the risks of job-re-
lated injuries, ensuring that physically capable personnel
perform this crucial public safety occupation.

Introduction

There is considerable data to substantiate that fire fight-
ing is one of the most physically demanding and haz-
ardous of all civilian occupations [1–4], implying vari-
able working conditions and unpredictable and heavy
physical demands [5]. For a three-year period, the Italian
Fire Fighting Corp [6] reported 685,387 interventions
(1% rescues, 6% structural collapses, 7% car accidents,
7% water accidents, 26% fire accidents, 46% miscella-
neous and 7% unnecessary) performed under high time
pressure (mean delay from alarm=11 min; mean duration
of the intervention=45 min) and emotional stress related
to both the victims (safe=20,661; injured=10,081;
deaths=4453) and the fire fighter’s personal safety
 (injuries=261; deaths=24). To reduce the risk of injuries,
fire fighters wear protective clothing and self-contained
breathing apparatus (SCBA), which is heavy, thick, mul-
ti-layered and bulky (i.e., 23 kg), and exacerbates the
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challenge of thermoregulation due to limited water vapour
permeability across the clothing layers [7–11]. In fact,
protective garments have been proven to determine a
20–25% increase in energy expenditure [12–16] and 22%
and 75% reductions of tolerance time running at low and
high working intensity, respectively [17].

However, the physical demands and the actual workload
of fire fighting are difficult to quantify. High heart rates
and core temperatures in trainee undertaking simulated
fire-fighting drills have been shown. High levels of mus-
cle strength, power and cardiovascular endurance are rec-
ommended to perform fire-fighting activities safely and ef-
fectively [18]. While in 1975 a VO2max>33 ml/kg/min was
recommended for fire fighters [1], more recent research
[4, 19, 20] suggested higher values of aerobic power
(VO2max>45 ml/kg/min) to successfully complete fire-
fighting interventions [21]. On the other hand, few indi-
cations are available regarding the standards needed for
strength to safely meet the demand of the most strenuous
fire-fighting tasks such as a lifting, pulling, working and
carrying objects [4, 22, 23].

Independent from the specialisation required for ap-
plicants (i.e., drivers, carpenters, electricians, etc.), the
Italian Fire Fighting Corp selects recruits according to
questionnaires, interviews and fitness tests. Actually, two
distinct fitness test procedures are applied to individuals
who periodically serve as volunteers in Italian fire-fight-
ing departments and to novice aspirants. In particular, vol-
unteers have to perform at least: (1) 4 pull-ups in 1 min;
(2) 18 bench-presses in 1 min; (3) a timed (i.e., 120 s
maximum) course consisting of 2-m long jump, 5-m rope
climb, bypass over and under a 50-cm hurdle, walk on a
120↔10↔500 cm balance beam, bypass 2-m wall, a 5-
m hand-walk of a suspended horizontal ladder, four 20-
m shuttle runs and carry a 40-kg mannequin for 20 m;
(4) a timed (i.e., 35 s maximum) 10-m underwater swim
followed by a 25-m freestyle swim. Instead, novice re-
cruits have to perform only a timed course consisting of
a long jump, 5-m rope climb, two forward rolls, a verti-
cal jump with 180° turn, a backward roll, walk on a
120↔10↔500 cm balance beam, bypass a 2-m wall, a
5-m hand-walk of a suspended horizontal ladder and 30-
m sprints. Performances are scored using the time re-
quired to complete the course and penalties are assigned
according to subjective evaluation of a fire-fighters’ com-
mittee. However, at present no information is available
on whether the Italian fire-fighting recruits meet the fit-
ness requirements indicated in the literature [20]. Thus,
the purpose of this study was twofold: (1) to evaluate the
fitness status (i.e., aerobic power and muscle strength,
power and endurance) of novice and volunteer Italian
fire-fighter recruits and (2) to evaluate the effects of
wearing fire garments on their endurance performances.
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Methods

Approach to the problem

The local Institutional Review Board approved the study
designed to investigate the differences of fitness level in
novice and volunteer fire-fighting recruits. Aerobic,
strength and anaerobic evaluations were administered
during a single experimental session organised within
the first two weeks of the residential Italian Fire Fighter
Corp training course. It was hypothesised that the younger
age and the previous experience of volunteers might re-
sult in higher fitness performances. Furthermore, con-
sidering that the protective clothing defends fire fighters
from exceptional environmental heat [24] but limits heat
dissipation [7, 8, 25], it was hypothesised that wearing
SCBA, recruits with a low fitness level might not be able
to accomplish aerobic tasks. Prior to the evaluation, each
individual provided an informed consent and answered
the AAHPERD exercise/medical history questionnaire to
ascertain his activity level, educational background, di-
etary habits, tobacco smoking and alcohol consumption,
medication use and history of physical activity. The body
mass index (BMI) was used to assess weight relative to
height and was calculated by dividing body weight in
kilograms by height in meters squared.

Participants

Eighty male Italian fire-fighter recruits engaged in the
residential Italian Fire Fighter Corp training course pro-
vided their written informed consent to participate in this
study. Twenty-nine participants (21.7±3.9 years) had pre-
viously served as volunteer fire fighters, while 51 were
novice recruits (30.0±4.5 years), having no experience
with fire-fighting activities. Volunteers had at least one
year (8 h/day, 5 days/week) of fire-fighting education and
training which included basic-level theoretical fire fight-
ing, practical skills development including emergency
medical procedures, fire apparatus operations, fire pre-
vention and communication practices.

Physical fitness testing

Strength evaluations

Strength evaluations included handgrip and bench-press
tests. Maximal peak grip strength (N) was measured us-
ing a digital hand dynamometer with a load-cell sensor
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(Lode, Groningen, the Netherlands). The grip width was
individually adjusted to achieve a 90° angle with the
proximal-middle phalanges. Each participant stood up-
right with his arm vertical and the dynamometer close to
his body. The participants were asked to make the
strongest grip possible and verbal encouragement was
given each time to obtain their maximal score. Three tri-
als, with a 1-min pause in between, were allowed for each
hand and the highest value was used for further analysis.

The bench-press test was performed on a standard
bench press station using a York Olympic standard bar-
bell and free weights. Before the test, recruits underwent
a warm-up consisting of stretching of the upper limb and
chest muscles and two lifts (50 and 70% of the estimat-
ed individual’s maximum load) with an 80-cm grip width
until their arms were fully extended. Then, recruits were
free to choose the weight to perform a maximum of ten
lifts at a 30 beat/min cadence dictated by a metronome.
The subject’s 1 repetition maximum (1RM) was estimat-
ed using the formula [26]:

m1RM=mn/(0.985–0.025n) for 2≤n≤10

where m1RM is the 1RM-mass and mn is the maximum
mass that can be lifted n times.

Anaerobic evaluations

Measurements of anaerobic performance included
counter movement jump (CMJ) and 20-m sprint (20m)
tests. The CMJ performances were evaluated using an op-
tical acquisition system (Optojump, Microgate, Udine,
Italy) developed to measure with 10–3 s precision all fly-
ing and ground contact times. The Optojump photocells
are placed 6 mm from the ground and are triggered by
the feet of the subject at the instance of taking-off and at
contact upon landing. Then, calculations of the height of
the jump are made [27]. From the standing position the
recruits were required to bend their knees to a freely cho-
sen angle and perform a maximal vertical thrust with
hands on their hips. They were instructed to keep their
body vertical throughout the jump, and to land with knees
fully extended. Any jump that was perceived to deviate
from the required instructions was repeated. A dual in-
frared reflex photoelectric cell system (Polifemo,
Microgate, Udine, Italy) positioned 20 m apart with the
first timing gate at 0.5 m from the starting was used to
evaluate 20m performances. Since active warm-up has the
potential to improve short-term performance, prior to
testing players underwent a 15-min standardised warm-
up period, which consisted of jogging, strolling locomo-
tion and stretching (40–60% of maximal heart rate). Each
test recruit was allowed three trials with a 5-min recov-

ery period between trials and received verbal encourage-
ment. Thus, their best performance was used for statisti-
cal analysis.

Aerobic evaluation

Maximal aerobic power (VO2max) of fire fighters was
evaluated by the Queen’s College test [28], consisting in
stepping up and down a 40-cm step with a frequency of
24 steps/min for a total of 3 min. After the end of the test,
heart rate (HR) was counted for 15 s from 5 to 20 s of
recovery. To estimate VO2max, the following formula was
used: VO2max=111.30–(0.42↔HR), where HR is the heart
rate after exercise. Maximum aerobic capacity was cal-
culated with and without the protective equipment.

Statistical analyses

Descriptive statistics (means, standard deviations and
ranges) were calculated to provide the physical fitness
profile for each measured parameter. A 0.05 level of con-
fidence was selected throughout the study. To assess dif-
ferences between groups (novice vs. volunteer), an analy-
sis of variance (ANOVA) was applied to jump (cm),
bench-press (kg), 20-m sprint (s) and handgrip (N) per-
formances. A 2 (group: novice vs. volunteer)↔2 (con-
dition: with vs. without SCBA) ANOVA for repeated
measures was applied to the Queen’s (ml/kg/min) per-
formed with and without protective garments. When a
significant effect was found, post hoc Fisher protected
least significant difference comparisons with Bonferroni
corrections were used. Cohen’s effect sizes (ES) were
calculated to provide meaningful analysis for compar-
isons between groups. Values ES≤0.2, from 0.3 to 0.6,
<1.2 and >1.2 were considered trivial, small, moderate
and large, respectively.

Results

Descriptive data and fitness performances are presented
in Table 1. Anthropometric values showed differences
between groups for Age (F(1,78)=74.8; p<0.0001; ES=0.7)
and BMI (F(1,78)=4.1; p=0.04; ES=0.2), with novice fire
fighters being older and having a higher BMI than vol-
unteers. Differences between groups for anaerobic per-
formances emerged for CMJ (F(1,78)=10.4; p=0.002;
ES=0.3), 1RM (F(1,78)=16.5; p=0.0001; ES=0.4) and 20-
m sprint (F(1,78)=12.8; p=0.0006; ES=0.4) performances,
with volunteers always showing better values that novice
fire fighters.
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Wearing the SCBA, 3% of volunteers and 16% of
novices failed to complete the step test. For aerobic pow-
er a major effect (F(1,69)=212.9; p<0.0001; ES=0.7)
emerged only for condition with better values registered
when the test was performed without (54.2±6.4
ml/kg/min) rather than with SCBA; performances were
best in novice (43.0±5.2 ml/kg/min).

Discussion

Fire fighting is an occupation with a high variability and
unpredictability of the working demands [5, 29] and suc-
cess in job performance depends on the fire fighter’s
ability to perform strenuous physical activity [21, 30]. It
is conceivable that fire fighters with a decreased work-
ing capacity are not able to effectively perform their du-
ties and pose a risk of injury and premature death to them-
selves and the public [31, 32]. In particular, Kales et al.
[33] claimed that increasing age, low spirometric func-
tion, low predicted VO2max, and high cholesterol and BMI
increase the mortality risks among fire fighters. Because
of the strenuous nature of this occupation, specific guide-
lines for physical conditioning and physical performance
assessment have been developed [34]. In Italy, two dif-
ferent fire-fighting recruitment procedures are adopted
for individuals who have served as volunteers in fire-
fighting departments and novice aspirants. Although
novices are usually older than volunteers, the assessment
of their fitness level is less demanding. In light of these
differences, a unique chance of cooperation with the
Italian Fire Fighter Corp gave us the opportunity to de-
termine differences in the physical fitness level of fire-
fighter cadets.

30

Investigating the aerobic power of American volunteer
fire fighters, Swank et al. [35] reported values lower than
those published for their professional counterparts. On the
contrary, in this study volunteer recruits were younger
(around 9 years) and had a lower (around 1%) BMI than
that registered for novice aspirants, while no difference
emerged for aerobic power and handgrip performances.
Despite the expected 20% reduction in the SCBA condi-
tion, the recruits were still within the suggested range of
35–42 ml/kg/min for maximal aerobic power to perform
fire-fighting task for an extended period of time [4, 18,
30]. Nonetheless, it is alarming that 3% of volunteers and
16% of novices failed to complete the step test when
wearing their protective garments. Considering that fire
fighters perform many tasks wearing the SCBA, the pre-
sent results imply that personal and public safety could be
compromised. Therefore, fire-fighting departments should
be strongly recommended to assess the aerobic power of
recruits while wearing protective clothing. Since an age-
related decline could be expected during the occupation-
al period of fire fighters [20], it seems appropriate that
fire-fighting departments regularly evaluate their fire
fighters and adopt specific fitness programmes [35].

Rhea et al. [36] claimed that traditional on-the-job
fire-fighter exercise programmes focus mainly on aero-
bic conditioning while there is a need to include other
components of fitness training, such as muscle strength
and muscle endurance. Generally, grip strength is con-
sidered a fast and simple test for muscular function. In
this study, recruits showed handgrip values higher than
that reported for young athletes [37] and within the 75th
percentile of co-aged healthy adults [38, 39].

Actually, more than static strength, fire fighters might
need dynamic strength to perform tasks such as pulling
fire hoses, hoisting equipment and carrying victims to
safety. The gold standard of dynamic strength is the high-
est weight that can be lifted (1-RM) and bench-press per-
formances have proved to be significantly correlated to
specific fire-fighting performances [36]. In this study on-
ly volunteers showed 1RM values comparable to army re-
cruits [40], being slightly above average (around the 60th
percentile) for age and gender [41]. On the other hand,
the significantly lower values of the novice recruits (be-
tween the 40th and 50th percentiles) indicate that they
need further training to improve their upper limb strength.

Although fire-fighting tasks might also require all-out
and fast performances at sporadic intervals, limited data
is currently available on the anaerobic capacity of fire
fighters. In fact, muscles in the hips, calves and thighs
propel the body upward, allowing the fire fighter to sup-
port the overload tax from the SCBA and to complete in
a safe and time-efficient manner performances such as
lifting, pulling, working and carrying objects. Thus, the
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Table 1 Means±standard deviations of anthropometric and fitness data

Anthropometric data Novice cadets Volunteer cadets
(n=51) (n=29)

Age (years) 30.0±4.6 21.7±3.1*
Weight (kg) 76.7±8.7 73.6±8.5
Height (cm) 177±6 177±6
BMI 24.6±2.3 23.6±2.3*
Fitness test
Vertical jump (cm) 28.0±4.5 31.4±4.8*
Bench-press (kg) 68.3±10.5 80.5±16.5*
20-m sprint (s) 3.2±0.2 3.1±0.2*
Handgrip (N) 489.2±78.5 491.6±56.8
Queen’s (ml/kg/min) 54.4±6.2 55.0±6.4
Queen’s with SCBA (ml/kg/min) 43.4±5.7a 42.2±4.4b

a8 subjects did not complete the test
b1 subject did not complete the test
*Differences (p<0.05) between groups
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present results represent new information on this issue.
In this study, volunteers showed better values than novices
for the CMJ and the 20-m sprint tests, which are consid-
ered measures of functional power of the lower limbs
[42–44] and sprint effort [45], respectively. However, re-
cruits showed lower CMJ values than those reported for
co-aged Italian sedentary adults [46]. These results are
even more startling considering that in the present study
sprint and power performances were evaluated when the
recruits were not wearing the bulky and heavy SCBA,
which might decrease their ability to perform these tasks.
At present it is difficult to substantiate this speculation
because the fire-fighter department organises physical
training programmes and physical tests that do not require
the use of SCBA, which entails costs for transport, stor-
age, securing and accounting. Thus, further research is
needed to ascertain the influence of power and speed on
the performance and safety of fire fighters to determine
the necessity of including such aspects in future physical
fitness testing and the development of specific fire-fight-
ing conditioning programmes.

The results from anthropometric, aerobic, strength and
anaerobic testing could provide useful information for the
development of minimal entry requirements for fire-fight-
ing recruits. These results may also represent the basis for
physical trainers to develop appropriate conditioning pro-
grammes aimed at improving the fitness level of Italian
fire-fighter recruits. Furthermore, a periodic physical fit-
ness evaluation is necessary to ensure that physically ca-
pable personnel perform this important public safety oc-
cupation.
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