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Abstract: Fire academy training classes may have trainees with a range of different fitness capabilities.
Documentation of trainee fitness could indicate the need for flexibility in physical training emphases.
Therefore, data from six academy classes (males = 274; females = 31) were analyzed, including: Illinois
agility test (IAT), push-ups, pull-ups, leg tucks, multistage fitness test, backwards overhead 4.54 kg
medicine ball throw (BOMBT), 10-repetition maximum deadlift, and 18 kg kettlebell farmers carry.
A one-way ANOVA, with the Bonferroni post hoc test, calculated between-class fitness differences.
Normative fitness test data were produced via percentile ranks. Classes 5 and 6 had the most
females (n = 15). Class 1 completed the IAT faster than all classes (p < 0.009). Classes 1 and 4 had a
further BOMBT distance than Classes 5 and 6, and Class 3 outperformed Class 6 (p < 0.044). Class 4
completed more leg tucks than Class 5 (p = 0.047). Class 1 had a greater deadlift than Classes 3, 4,
and 6, and Class 2 outperformed Classes 3-6 (p < 0.036). Class 3 was slower in the farmers carry
compared to all classes (p < 0.002). Percentile rankings showed that most females (48-100%) were in
the 0-29% rank. Staff should implement individualized programs where appropriate for trainees
as cohort fitness differences exist. Female trainees may need targeted maximal strength and power
development.

Keywords: aerobic capacity; deadlift; first responder; Illinois agility test; backwards overhead
medicine ball throw; leg tuck; push-ups; pull-ups; sex differences; tactical

1. Introduction

The tasks required during firefighting can be very physically demanding. Some of the
critical job tasks that need to be completed by firefighters include driving vehicles, carrying
equipment, raising ladders, climbing stairs, operating hose lines, forcible entries, crawling
and searching, and victim drags [1-6]. What will exacerbate the demands of these tasks for
the firefighter is the environment that they are often performed in. Austere environments
(relative to factors such as temperatures over 570 °C and toxic smoke) and the requirement
to wear and carry heavy and restrictive personal protective equipment and self-contained
breathing apparatus (which can be upwards of 20 kg) makes typical firefighting tasks even
more difficult [7-9]. As a result, it is essential for firefighters to have the physical capacity
and skills necessary to perform their job tasks effectively in the field to ensure their safety,
the safety of their colleagues, and the general population.

Trainees will typically complete fire academy training so they can learn the skills and
procedures required for the profession [10,11]. Before being accepted to a fire academy,
trainees must complete the Candidate Physical Ability Test (CPAT). The CPAT is a nationally
recognized test in the USA that simulates firefighting job tasks (stair climb, hose drag,
equipment carry, ladder raise and extension, forcible entry, search, rescue drag, and ceiling
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breach and pull) and measures a candidate’s ability to perform the demanding tasks of the
profession [12]. The tasks are completed in succession about a course, and the candidate
must finish within 10 min and 20 s. Due to the need to complete the CPAT prior to academy
enrollment, most trainees should have some level of physical fitness. This is because
qualities such as anaerobic capacity [3], maximal strength [2,9], and aerobic capacity [1,3]
all contribute to successful completion of the CPAT. Accordingly, an important component
of fire academies is physical training. The general goal of physical training is to develop
the underlying fitness qualities that could ultimately benefit job task performance [11].
Additionally, improvements in fitness could also reduce the risk of injury for firefighter
trainees [13,14]. The challenge for practitioners is designing appropriate fitness training
programs that enhance the fitness of most trainees within a class, especially considering
the likelihood of physical diversity within a cohort.

Indeed, even though trainees must complete the CPAT prior to being hired and trained
by a fire department, they are still being recruited from the general population. Fitness
can vary greatly for both men and women in the general population [15,16], and this is
also likely true within specific populations such as firefighter trainees. To provide some
examples, previous research in law enforcement has shown that there can be a wide
range of fitness capabilities among recruit classes [17,18]. Specifically, Lockie et al. [17]
compared 11 recruit classes from 1 law enforcement agency. One training class completed
significantly fewer sit-ups than six of the other classes (p < 0.033) and were slower in
the 201 m and 2.4 km runs than five of the other classes (p < 0.005). In custody assistant

recruits, estimated maximal aerobic capacity (VOsmax) derived from the 2.4 km run across
three classes ranged from 15.84 milliliters per kg body mass per minute (mL-kg~!-min~1)
to 55.81 mL-kg~!-min~! [18]. Relative to general population norms [15], the estimated
maximal aerobic capacity for the custody assistant recruits ranged from very poor to
good/excellent. It should be noted that firefighter and law enforcement populations
may demonstrate significant differences in body composition (e.g., male police officers
having greater body fat than male firefighters) and fitness (e.g., female firefighters having
greater upper-body strength than female police officers) [19]. Accordingly, firefighter
trainees should be specifically analyzed. However, no known research details the potential
differences in fitness across different fire academy classes within a given department.
These potential differences are important information to document, as they may reveal
the need for flexibility in physical training emphasis among different fire academy classes.
The results of this work may also inform those trained professionals (e.g., strength and
conditioning coaches) who work with firefighter trainees and develop programs for their
challenging environments (i.e., large classes with trainees with different abilities).

What could also aid in the design of firefighter physical training programs is the
provision of established standards for high- and low-performers [17]. Established stan-
dards would provide context for establishing strengths and areas for improvement in
firefighter trainees, and this information could be used in building physical training pro-
grams. Percentile ranking data for different fitness measures (e.g., push-ups, sit-ups,
mountain climbers, pull-ups, 201 m run, and 2.4 km run) have been provided for law
enforcement recruits [17], in addition to incumbent law enforcement officers [20,21]. How-
ever, normative percentile ranking data have not been presented for firefighter trainees
at the start of academy. This type of information could be especially useful for trainees
that may be lacking in certain fitness qualities (e.g., females tend to have lesser strength
and power compared to males) [3], and the degree of improvement that should be targeted
for a trainee. In addition, this information allows for a comparison between normative
population values, other tactical (e.g., law enforcement) populations, and future firefighter
populations. This has implications for the sustainable health, fitness, and performance
of firefighters.

Therefore, the first objective of this study was to document the differences in physical
fitness between distinct academy training cohorts from one fire department. This objective
is important as it will document how fitness could vary between different academy classes,
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and what fitness qualities may need to be developed by fire academy training staff. The
second objective of this study was to establish normative data via percentile rankings
for firefighter trainees relative to the fitness tests used in this study. This objective is
important as it will provide comparative fitness data for firefighter trainees from different
academies and departments. This study was modeled off previous work by Lockie et al. [17]
conducted on law enforcement recruits. The current research will provide specific analysis
on firefighter trainees which was not provided by Lockie et al. [17], and this is needed
due to the potential differences with law enforcement recruits [19]. Given the need for
firefighters to demonstrate an array of different physical abilities when in the field [1-6],
the fitness testing battery featured a range of assessments that were administered by the
fire department training staff. The fire department analyzed in this study is large (more
than 4500 personnel) and responsible for protecting the lives and property of 4.1 million
residents living in 1.25 million housing units in 59 cities and the unincorporated areas of
the county [22]. Accordingly, the firefighter trainee data should be a good representation
of the population. The hypotheses for the study were obtained following considerations
detailed by Lockie et al. [17]. Previous research has shown high variability between
fitness assessment results in tactical personnel [17,23,24], with a greater tendency for
female personnel to be in the lower fitness test percentiles [17,18,20,25]. Accordingly, the
hypothesis in this study was modeled to reflect an a priori approach [17,26]. The first
hypothesis for this study was that there would be significant differences in the fitness
tests between the classes (e.g., there would be some classes that had superior muscular

endurance measured by push-ups/some classes would have better estimated VOpp,x)-
With regards to the percentile rank data, it was further hypothesized that female trainees
would be in the lower percentile ranks.

2. Materials and Methods
2.1. Subjects

De-identified data from six academy classes from one fire department were released
to the researchers for this retrospective study. This was a sample of convenience that
included 305 trainees, incorporating 274 males and 31 females. Although the female
sample size in this study was small, both sexes were identified as many fire departments
in the USA are attempting to recruit and retain more women [27]. Thus, it is important
to provide details about women who are training to become firefighters. Demographic
information (age, height, and body mass) was not provided by the fire department to the
researchers, which has occurred in previous research analyzing first responders [21,28-30].
Nevertheless, all trainees were above 18 years of age, and had completed a pre-placement
medical evaluation [31]. Additionally, it could be expected that the trainees in this study
would be similar to those from other US-based fire departments previously detailed in
the literature [10,32,33]. All training cohorts started and finished their academy during
2020 in southern California, and all data were collected during this year. All available
data were included in the study. Similar to previous research analyzing retrospective
data, the exclusion criterion was datasets with clearly incorrectly entered data [21]. As
secondary data were utilized in this study, G*Power software (v3.1.9.2, Universitét Kiel,
Germany) was used to confirm post hoc that the sample size of 305 (with groups of 31 and
29 participants) was sufficient for a one-way analysis of variance (ANOVA) with six groups
such that data could be interpreted with a small effect level of 0.24 [34], and a power level
of 0.91 when significance was set at 0.05 [35]. Based on the archival nature of this study, the
institutional ethics committee approved the use of pre-existing data (HSR-17-18-401). The
study conformed to the recommendations of the Declaration of Helsinki [36].

2.2. Procedures

A retrospective analysis of archived data for trainees belonging to six academy classes
from one fire department was conducted. The first part of the analysis involved investi-
gating the different cohorts of trainees, with a one-way ANOVA used to compare each
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class [17]. The second part of the analysis involved calculating firefighter trainee-specific
normative data via percentile rankings for the fitness tests conducted by the training
staff [17,20,25]. Data were pooled across the academy classes to produce the percentile
ranks, and the number of male and female trainees within each percentile rank was detailed.
The dependent variables for this study were: Illinois agility test (LAT) time, metronome

push-up repetitions, leg-tuck repetitions, estimated VOypax from the 20 m multistage fitness
test (MSFT), backwards overhead medicine ball throw (BOMBT) distance, 10-repetition
maximum (10RM) deadlift, and farmers carry time with 18 kg kettlebells over a 91.44 m
(100 yards) course.

The fitness tests were completed by trainees as part of their employment requirements
and were conducted within one 90-min physical training session for all academy classes.
Testing was conducted at the start of the 16-week academy period at the training center
located within the fire department’s headquarters. The session was overseen by a certified
strength and conditioning specialist. The researchers did not have input into the fitness tests
that were used as the study used archival data. Nonetheless, the fitness test battery was
designed to encompass a range of assessments for different fitness qualities. In line with this,
department training staff typically used the data to identify areas in need of improvement
within the trainees. This approach of using fitness test data to inform fitness programming
is recommended within the practice of strength and conditioning [37]. Further, this helps to
illustrate why the general fitness tests were utilized within this fire department. The tests
were completed in the order presented, which was standard practice for the department.
Enough time was provided between test attempts to ensure adequate recovery. Testing
occurred outdoors at the fire department’s training facility in the early morning (~6:00 a.m.).
Internally, the fire department assigned scores relative to the performance in each of the
fitness tests (60-100 points for each test). However, these scores were not included in
this study.

2.3. Illinois Agility Test (IAT)

The IAT was used to measure change-of-direction speed [38—40] and has been adopted
previously by tactical populations [41,42]. This test has been shown to have good reliability
(intra-class correlation coefficient (ICC) = 0.80-0.84) [39,40]. The measurements and route
direction for the IAT are shown in Figure 1. The IAT involved four markers being placed to
indicate an area that was 10 m-long and 5 m-wide. In the center of the grid, four markers
were placed 3.3 m apart. Trainees began in the prone position behind the start point,
outside the first cone. The tester gave a preparatory command of “Ready”, before the
command “Go”. The trainee then jumped to their feet and ran the course to the finish as
quickly as possible. Trainees were instructed not to cut over or contact the markers but
run around them and were to follow the prescribed route throughout the trial. If a trainee
failed to follow these protocols, or they slipped during the trial, the trial was stopped and
re-attempted. Time was recorded in seconds (s) via a stopwatch, from the initiation of
movement until the trainee crossed the finish line. Testers trained in the use of stopwatch
timing procedures can record reliable data [43,44]. Depending on time constraints, 1-2 trials
were completed by trainees, with the fastest trial used.



Sustainability 2022, 14, 6548

50f17

T o
‘v
w

— Running Direction

10m 10m

i

Figure 1. Measurements and running direction for the Illinois agility test. Distances are measured in

A

meters (m).

2.4. Metronome Push-Ups

Maximal push-ups can provide a measure of upper-body muscular endurance [17,18],
and have high trial-to-trial reliability (ICC = 0.95) [45]. For this department, push-ups were
performed in time with a metronome at a cadence of 80 beats per minute. An audio file for
the metronome was played during the test. Standard procedures were used for this test
within the fire department. On the “Get ready” command, trainees assumed the kneeling
push-up position with the arms extended. On the “Get Set” command, trainees adopted
the standard “up” position (body taut and straight, hands positioned shoulder-width apart,
fingers pointed forwards) [46]. On the “Go” command and the initiation of the metronome,
the trainee lowered themselves towards the ground by flexing the elbows until the upper
arm was parallel to the ground. On the next metronome sound, the trainee immediately
returned to the up position. On the next metronome sound, the trainee returned to the
bottom position, and so on. The test was terminated when the trainee could no longer
complete repetitions in time with the cadence. If the trainee maintained the cadence, but
did not meet other standards (i.e., they did not fully extend the elbows, the upper arms
were not parallel to the ground in the bottom position, or there was a pelvis/trunk sag), the
grader repeated the number of the last correct repetition and told the trainee to make the
appropriate correction. The number of correct repetitions performed was the score used for
analysis. The maximum number of repetitions set for the push-up test was 100, so trainees
did not have to complete more repetitions beyond this number.

2.5. Pull-Ups

The pull-up test provided a measure of upper-body pulling strength [47], and this
test has been used previously in first responder populations [48-50]. Maximal pull-up
tests have been found to demonstrate high reliability (ICC = 0.99) [51]. On the “Get ready”
command, trainees positioned themselves in a free-hang position on the pull-up bar. Their
hands were placed shoulder-width apart with a pronated grip, thumbs wrapped around
the bar, and elbows extended. On the “Go” command, the trainee pulled their body upward
with a vertical body alignment until the chin was above the bar to complete one repetition.
The trainee then descended back to the start position with the arms fully extended and
completed repetitions with this technique until they could no longer raise their chin above
the bar. If the trainee kicked their way up, the pull-up involved was not counted. The score
used for analysis was the number of correct repetitions performed.
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2.6. Leg Tucks

The leg tuck provides a measure of grip, arm, shoulder, and trunk muscle strength and
endurance [52], and this test has been found to have high reliability in tactical populations
(ICC =0.998-0.999) [53]. On the “Get ready” command, the trainee moved to a free-hang
position, with their hands positioned with an alternated grip on the bar. The trainee’s
body was extended and faced the length of the bar. On the “Go” command, the trainee
lifted their lower body up so that their elbow flexed to an approximate 90° angle while
simultaneously bringing their knees to contact their elbows (the leg tuck). The knees had
to contact the elbows for a successful repetition. The trainee then returned to the hang
position and repeated this movement as many times as possible. The trainee’s body was to
be extended in the free-hang position between each repetition, and they could not rest the
legs on the bar or swing past the starting position when they lowered themselves from the
leg tuck. The analyzed score was the number of correct repetitions performed.

2.7. Estimated Maximal Aerobic Capacity ( VOQWX)

Estimated VOopmax was derived from the MSFT, which was conducted according
to established procedures [46,54]. The MSFT has very high reliability (ICC = 0.96) [55].
Trainees ran back and forth between two lines spaced 20 m apart, indicated by markers.
The speed of running for the MSFT was standardized by pre-recorded auditory cues (i.e.,
beeps) played from an audio file. The test was terminated when the trainee was unable to
reach the lines twice in a row in accordance with the auditory cues. This test was scored

according to the final stage the trainee was able to achieve. From this, estimated VOzmax
(mL-kg~!-min~1!) for each trainee was derived from the table documented by Ramsbottom
etal. [56].

2.8. Backwards Overhead Medicine Ball Throw (BOMBT)

The BOMBT with a 4.54 kg (10 Ibs) medicine ball was used to assess combined upper-
and lower-body power and coordination [57-60], and this test has been found to have
reliability (ICC = 0.996) [60]. The procedures for this test have been described by Lockie
et al. [59]. The trainee stood with their back to the throwing area, feet shoulder-width
apart and heels on the start line. The medicine ball was held in front of the body, with the
arms extended at shoulder height. In one continuous movement, the trainee flexed at the
hips, knees, and trunk, and lowered the ball below the waist. The trainee then extended
their legs and thrust the hips forwards, while flexing the shoulders and elevating the ball
above shoulder height as they threw it back over their head as far as possible. Following
the throw, the feet could leave the ground; however, the trainee’s body could not go past
the start line. The horizontal distance was measured via a tape measure (in feet) from the
start line to the point where the ball first contacted the ground. The score was converted to
meters for this study.

2.9. 10-Repetition Maximum (10RM) Deadlift

The 10RM deadlift was used to measure lower-body strength [61-64]. Bilateral strength
exercises have been found to have high reliability (ICC = 0.92) [65]. The movement was
performed as described in the literature [61], although firefighter trainees self-selected their
stance foot position and grip on the bar. Trainees performed warm-up sets as required
with different loads (52 kg (115 Ibs), 74 kg (175 Ibs), 84 kg (185 lbs), 102 kg (225 lbs)).
After the warm-up sets, the weight was progressively increased, and trainees completed
10 repetitions (counted by a staff member). A successful repetition was achieved when the
trainee was standing erect via knee and hip extension, with their shoulders retracted and
positioned behind the vertical orientation of the bar [61]. A pause of approximately 2 s
was allowed at the top of the lift between repetitions. The trainee then lowered the weight
with control to the ground. No rest was allowed between repetitions while the weight
was grounded. The test was terminated if the trainee did not attain the correct upright
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position, they exceeded the approximate 2 s time limit at the top or bottom of a repetition,
they dropped the weight, or they failed to keep the bar moving up during a repetition.
Approximately 2-3 min was provided between attempts. The load for the last successful
10RM attempt was recorded in lbs, before being converted to kg.

2.10. Farmers Carry

As firefighters perform loaded carries as part of their job [1], the fire department staff
included a farmers carry with kettlebells in their test battery. This action has been analyzed
due to its application to strength-related activities such as strongman training [66—68].
Reliability data were not available for this test, but the farmer’s walk was an established
assessment in the battery utilized by training staff for this fire department. The farmers
carry was designed to assess a trainee’s ability to carry 36 kg (80 lbs) for 91.44 m (100 yards).
To complete the test, trainees held an 18 kg (40 lbs) kettlebell in each hand and traversed
four times up-and-back over a 22.86 m (25 yards) distance. The trainees were instructed to
complete the four shuttles with the kettlebells as quickly as possible by walking, jogging,
or running. To begin, the trainee stood at the start line with the kettlebells positioned on
the ground on each side of the trainee. On the “Go” command, the trainee squatted down
and lifted the two kettlebells and proceed to cover the 4 x 22.86 m course as quickly as
possible. If a trainee dropped a kettlebell at any point, they could pick the kettlebell up and
continue. Time was recorded in seconds via stopwatch from the initiation of movement
until the trainee finished the course.

2.11. Statistical Analysis

Statistical analyses were processed using the Statistics Package for Social Sciences
(SPSS), Version 28.0 (IBM Corporation, New York, NY, USA), and Microsoft Excel (Microsoft
CorporationTM, Redmond, WA, USA). Descriptive statistics (mean =+ standard deviation
(SD); 95% confidence intervals (95% CI)) were calculated for each variable. Normality
of the data was evaluated by visual analysis of Q-Q plots [69,70]. Within the datasets
provided to the researchers, some tests did not have scores for all trainees. Nonetheless,
all available data were used in this study. A one-way analysis of variance (ANOVA), with
Bonferroni post hoc adjustment for multiple pairwise comparisons, was used to calculate
any differences between the classes. This statistical analysis was used due to the sample
size, and the robustness of the one-way ANOVA [17,71]. The sexes were combined if
needed within each class as the fire department did not use any corrections for sex when
awarding points for their fitness test battery. Nonetheless, the number of male and female
trainees within a class was noted. Statistical significance was set a priori at p < 0.05.

For the second part of the analysis, Microsoft Excel was used to calculate the percentile
ranks for each fitness assessment [17,21]. Bands of 10 percentile ranks (i.e., 0-9%, 10-19%,
20-29%, etc.) were used where possible. The number of male and female recruits within
each percentile rank was documented.

3. Results

The data for each class are shown on Table 1. The number of trainees in each class
with data who completed each test (e.g., sit-ups) varied for reasons not disclosed to the re-
searchers. The n range across the tests is presented for each class. Classes 1-3 only had male
trainees. There was one female trainee in Class 4, while Classes 5 and 6 each had 15 female
trainees. The one-way ANOVA results indicated that there were significant interactions for
the IAT (F5 = 8.736, p < 0.001), BOMBT (F5 = 7.097, p < 0.001), leg tuck (Fs5 = 2.667, p = 0.022),
deadlift (F5 = 16.695, p < 0.001), and farmers carry (Fs5 = 9.276, p < 0.001). Class 1 completed
the IAT significantly faster than all the other classes (p < 0.009). Classes 1 (p < 0.011) and
4 (p < 0.004) had a significantly further BOMBT distance compared to Classes 5 and 6.
Class 3 had a further BOMBT distance compared to Class 6 (p = 0.044). Class 4 completed
significantly more leg-tuck repetitions than Class 5 (p = 0.047). With regards to the deadlift,
Class 1 had a significantly greater 10RM compared to Classes 3, 4, and 6 (p < 0.006). Class
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2 had a greater 10 RM compared to Classes 3-6 (p < 0.036). Class 4 had a lower 10 RM
deadlift compared to Classes 5 and 6 (p < 0.008). Class 3 completed the farmers carry
significantly slower than all other classes (p < 0.002). There were no significant interactions

for push-ups, pull-ups, and estimated VOzmax-

Table 1. Fitness test data (mean & SD; 95% CI) and between-class comparisons for six trainee academy
classes from one fire department. IAT: Illinois agility test; BOMBT: 4.54 kg backwards overhead

medicine ball toss; Estimated VOyp,,«: maximal aerobic capacity estimated from the 20 m multistage
fitness test. Significance was set a priori at p < 0.05.

Class 1 (n = 29-36;

Class 2 (n = 50-51;

Class 3 (n = 56;

Class 4 (n = 53;

Class 5 (n = 54-55;

Class 6 (n = 54;

36 Males, 51 Males, 56 Males, 52 Males, 40 Males, 39 Males,
0 Females) 0 Females) 0 Females) 1 Female) 15 Females) 15 Females)
IAT (s) 1713 +0.872 18.29 +2.17 18.80 £+ 1.00 18.72 +1.13 18.19 + 1.04 18.91 +1.27
(16.79-17.46) (17.67-18.91) (18.53-19.07) (18.41-19.03) (17.91-18.47) (18.56-19.26)
Push-ups (No.) 58.57 + 26.50 56.22 + 22.64 65.34 + 21.87 60.51 +22.61 62.00 + 24.18 66.91 + 20.97
p ’ (49.47-67.68) (49.79-62.65) (59.48-71.20) (54.28-66.74) (55.46-68.54) (61.18-72.63)
Pull-ups (No.) 11.97 +£ 6.53 11.08 + 6.77 12.88 + 6.13 12.66 + 5.75 11.36 + 6.60 10.28 + 6.50
P ’ (9.76-14.18) (9.17-12.98) (11.23-14.52) (11.08-14.25) (9.58-13.15) (8.50-12.05)
BOMBT (m) 1033 +1.58° 9.48 +1.16 9.66 + 1.54 ¢ 10.24 +1.26° 9.07 + 1.80 8.72 +2.17
(9.75-10.90) (9.16-9.81) (9.24-10.07) (9.89-10.59) (8.58-9.56) (8.13-9.32)
Leg Tuck (No.) 10.61 + 5.55 11.52 + 4.85 12.46 + 5.11 14.26 +5.84 4 10.98 + 6.80 11.44 +5.90
& : (8.73-12.49) (10.14-12.90) (11.09-13.83) (12.65-15.87) (9.14-12.82) (9.83-13.05)
Estimated VOpqax 45.77 £+ 5.90 46.98 + 5.45 4713 +4.22 4612 + 6.22 4587 +7.03 44.08 + 5.95
(mL-kg~1-min~1) (43.77-47.76) (45.43-48.53) (46.00-48.26) (44.40-47.83) (43.97-47.77) (42.46-45.70)
10RM Deadlift 153.50 4 9.34 € 153.36 = 10.95 f 138.02 4+ 7.12 133.47 +12.03P 145.26 + 18.89 142.59 + 17.06
(kg) (150.08-156.93) (150.25-156.47) (136.11-139.93) (130.15-136.78) (140.10-150.42) (137.93-147.24)
27.65 £+ 2.01 28.97 + 4.45 31.89 +2.948 28.77 + 4.40 27.88 + 4.05 27.59 +4.26

Farmers Carry (s)

(26.91-28.38)

(27.71-30.22)

(31.11-32.68)

(27.56-29.99)

(26.79-28.98)

(26.43-29.37)

2 Significantly different from Classes 2-6; ° Significantly different from Classes 5-6; ¢ Significantly different from
Class 6; 4 Significantly different from Class 5; ¢ Significantly different from Classes 3, 4, and 6; f Significantly
different from Classes 3-6; & Significantly different from Classes 1, 2, and 4-6.

The percentile rank data are shown in Tables 2-9. Where possible, data were presented
in bands of 10 percentile ranks. However, the spread of scores for each fitness test influenced
the percentile ranks. This was notable for metronome push-ups (where the maximal
number of repetitions was capped at 100; Table 3) and the deadlift (61 trainees lifted a
load of 156.49 kg; Table 8). The number of males and females within each percentile band
is recorded in each table. Depending on the test, the largest number of female trainees
tended to be in the lower bands (0-19%). For the IAT (Table 2), the fastest time recorded
by a trainee was 16 s, and the slowest time was 32 s. As stated, the highest number
of repetitions for the metronome push-up test was 100, and the lowest was 0 (Table 3).
The lowest number of repetitions for the pull-up test was also 0, and the highest was
28 repetitions (Table 4). The furthest BOMBT distance was 13.84 m, while the lowest was
4.02 m (Table 5). The best trainees in the leg-tuck test completed 30 repetitions, while the

poorest completed no repetitions (Table 6). The highest estimated VOypax recorded by

these firefighter trainees was 61.2 mL~kg’1 -min~!, and the lowest estimated VOspax Was
20.2 mL-kg’l-min’l (Table 7). One trainee lifted 185.97 kg for their 10RM deadlift, while
the lowest 10RM deadlift load was 90.72 kg (Table 8). The fastest farmers carry time was
21 s, while the slowest time was 49 s (Table 9).
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Table 2. Percentile rankings for the Illinois agility test based on six firefighter trainee academy classes
from one fire department.

Percentile Rank Range (s) Males (n = 237) Females (n = 31)

91-100 16.0-17.1 29 0
82-89 17.2-17.6 25 1
71-79 17.7-18.0 40 1
61-64 18.1-18.2 18 3
50-56 18.3-18.5 25 0
41-47 18.6-18.8 24 1
31-37 18.9-19.1 22 3
20-28 19.2-19.5 25 6
10-16 19.6-20.2 15 7

0-8 20.3-32.0 14 9

Table 3. Percentile rankings for the metronome push-up test based on six firefighter trainee academy
classes from one fire department.

Percentile Rank Range (Repetitions) Males (n = 238) Females (n = 31)

81-85 86-100 * 51 2
72-79 75-85 20 3
60-69 67-74 28 3
50-59 60-66 24 4
41-49 53-58 23 2
30-38 49-52 27 2
22-29 43-48 19 2
10-19 3342 30 3

0-8 0-32 16 10

* 100 repetition ceiling.

Table 4. Percentile rankings for the pull-up test based on six firefighter trainee academy classes from
one fire department.

Percentile Rank Range (Repetitions) Males (n = 238) Females (n = 31)

90-100 21-28 27 0
81-87 18-20 25 0
74-78 16-17 18 0
62-68 14-15 30 3

57 13 12 0
44-49 11-12 34 3
34-38 9-10 25 1
23-29 7-8 25 4
11-18 4-6 26 6

0-7 0-3 16 14

Table 5. Percentile rankings for the 4.54 kg backwards overhead medicine ball toss (BOMBT) based
on six firefighter trainee academy classes from one fire department.

Percentile Rank Range (m) Males (n = 238) Females (n = 31)

90-100 11.34-13.84 29 0
80-89 10.79-11.31 26 0
70-77 10.36-10.67 27 0
60-69 9.91-10.30 26 0
50-59 9.57-9.88 27 0
42-49 9.17-9.48 20 0
30-39 8.81-9.14 34 0
20-29 8.20-8.69 23 3
10-19 7.10-8.14 19 8

0-9 4.02-7.07 7 20
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Table 6. Percentile rankings for estimated maximal aerobic capacity from the 20 m multistage fitness
test based on six firefighter trainee academy classes from one fire department.

Range (mL-kg™1

Percentile Rank .1 Males (n = 231) Females (n = 29)
-min—1)

90-100 53.8-61.2 29 0
80-89 50.8-53.5 25 0
70-78 49.2-50.6 27 1
60-69 48.0-48.9 24 1
52-58 46.2-47.7 19 2
41-49 44.9-45.9 18 3
32-39 44.0-44.6 20 4
21-29 41.9-43.7 25 4
10-19 38.5-41.5 25 5

0-9 20.2-38.1 19 9

Table 7. Percentile rankings for the leg-tuck test based on six firefighter trainee academy classes from
one fire department.

Percentile Rank Range (Repetitions) Males (n = 238) Females (n = 31)
93-100 21-30 20 0
80-87 17-20 34 1

77 16 7 0
63-67 14-15 37 2
57 13 14 1
4349 11-12 35 1
35 10 22 1
20-29 89 36 3
10-14 67 20 7
0-8 0-5 13 15

Table 8. Percentile rankings for the 10-repetition maximum deadlift based on six firefighter trainee
academy classes from one fire department.

Percentile Rank Range (kg) Males (n = 237) Females (n = 30)
95-100 158.76-185.97 13 1
72 156.49 60 1
60-65 147.42-154.22 29 4
59 145.15 0 1
33-34 140.61-142.88 71 0
10-18 122.47-133.81 53 8
0-9 90.72-120.20 11 15

Table 9. Percentile rankings for the farmers carry test with 18 kg kettlebells over a 91.44 m course
based on six firefighter trainee academy classes from one fire department.

Percentile Rank Range (s) Males (n = 238) Females (n = 31)
92-100 21.0-24.0 33 0
80-87 24.5-25.2 22 0
75-79 25.3-26.0 32 0
65-68 26.2-27.0 25 0
50-58 27.5-28.6 23 2
43-49 28.7-30.0 26 6
33-37 30.1-31.0 20 6
20-27 31.2-33.0 24 4
12-17 33.2-35.0 15 6

0-9 35.1-49.0 18 7
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4. Discussion

This study analyzed the fitness characteristics of six firefighter trainee academy classes
to determine whether there were differences between the classes, and defined percentile
ranks for the different fitness tests. Although the data were specific to one department,
this fire department has a high number of employees and covers a large county [22].
Accordingly, the data presented should provide a good representation of firefighter trainees.
The results indicated that there were some between-class differences in the fitness tests,
which supports the findings from Lockie et al. [17] regarding law enforcement recruit
academy classes. Additionally, the percentile rank data could be used to indicate high- and
low-performers in each test within the department, and provide a point of comparison for
other departments, tactical occupations, and against normative population data. What was
also highlighted by the between-class analysis and percentile ranks were the challenges
for female trainees, especially in tasks requiring high force output (i.e., IAT, BOMBT, and
the deadlift). These results underscore the importance of designing physical training
programs that are targeted towards the strengths and limitations of individual firefighter
trainees. This research has pertinent applications for fire department training staff, and the
sustainable health, fitness, and performance of firefighters.

The fire department in this study used the fitness test data to assist with their program
design, which is common practice in strength and conditioning [37]. The results of this
study emphasized the importance of this practice. For example, Class 1 outperformed all the
other classes in the IAT, which evaluates multidirectional movement capabilities [38,39,41].
Classes 5 and 6 tended to perform the poorest in the BOMBT, which measures total-body
power [57-60], and in the deadlift. The deadlift assessed lower-body strength [61-64], as the
ability to lift a heavy load from the ground contributes to job-specific tasks such as body or
victim drags [72]. Although the fitness tests by themselves may not represent the job tasks
completed by firefighters, the qualities they measure (i.e., lower-body strength, anaerobic
and aerobic capacity) are important contributors to occupational performance [1-3,6,9].
These data stress the need for fire department training staff to adjust the physical training
programs to the needs of the trainees within each class. Although certain fire departments
may have templates for their physical training which can be applied across multiple
academy classes, it is important to adjust these relative to the needs of each cohort. Future
research should analyze the effects that individualized physical training programs have
upon the fitness of firefighter trainees, as this should confirm the effectiveness of this
approach. Fire departments should ideally have personnel that can design programs in this
manner. Indeed, practitioners who have attained strength and conditioning certifications
must follow established guidelines in their practice to design safe, effective, and specific
training programs for the individual [73]. This is essential for developing (and hopefully
sustaining) the fitness and physical performance of firefighter trainees.

What should also be discussed is that Classes 5 and 6, who tended to have lesser
performance in the IAT, BOMBT, and deadlift, had the greatest number of female trainees.
Both classes had 15 female trainees in their cohort. The IAT, BOMBT, and deadlift all
require the generation of high external force, whether initiating a change of direction [74],
projecting a medicine ball [75], or picking up a heavy resistance [76]. When compared
to male firefighters, females tend to demonstrate lesser anaerobic power and maximal
strength [3]. It is possible the results from Classes 5 and 6 were influenced by the number of
females in their cohort. It should be noted that all the female trainees successfully completed
the CPAT, and therefore have the potential to be successful firefighters. However, these
results also emphasize that female trainees may need to place a focus on developing their
maximal strength and power. This should benefit job tasks that require manipulating
an external resistance, such as victim drags [72] or raising a ladder [77], and as such are
absolute task requirements extant of the firefighter’s sex [78]. Forthcoming studies should
investigate the best approaches to physically prepare female firefighter trainees for the
demands of the training academy and future occupation.
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There were certain fitness variables that did not significantly differ between classes,

including push-ups, pull-ups, and estimated VOy,pax. Push-ups and pull-ups often feature
in firefighter testing and training programs [10,29,32], so it is plausible that the trainees
spent some time physically preparing for these exercises in the lead-up to academy. The
importance of aerobic conditioning is stressed for firefighters, especially considering the
challenging environments (i.e., heat, fire, smoke, and physical and mental stress) in which
firefighters work. This is in part because superior aerobic fitness not only helps with job
task performance [1,3,6], but can also reduce the risk of cardiovascular disease [79]. Gledhill

and Jamnik [80] recommended a minimum VOZmaX of 45 mL~kg’1 -min~! for applicants
to a firefighting academy. All classes, except for Class 6 (44.08 & 5.95 mL-kg~!-min~1),

had a mean estimated VOyn,x at or above this level. These data may indicate that most
trainees, regardless of cohort, put some emphasis on ensuring that they had enough aerobic
conditioning to complete the CPAT and prepare for academy.

Percentile ranking data are important to derive for a fire department, as this informa-
tion can be used in the design of physical training programs [17]. Strengths and limitations
of trainees can be underlined with this type of normative data. As previously noted, a min-

imum VOZmaX of 45 mL-kg~!-min~! has been recommended for applicants to a firefighting

academy [80]. A trainee with this VOomax would be placed in the 41-49% rank in this
department (Table 6), which would mean that more than half of the trainees are superior
to this recommended standard. Although the push-up test conducted by this department
was completed in time with a metronome and capped at 100 repetitions, the trainees were
still far superior to normative data for maximal push-ups from the general population [15].
Indeed, even the highest-ranking performance documented by Riebe et al. [15] for men
(=36 repetitions) and women (>36 repetitions) aged 20-29 years would be placed within
the 0-19% ranks from this department (Table 3). The pull-up ranks (Table 4) were similar to
those presented by Lockie et al. [17] for law enforcement recruits. There were some novel
fitness tests used relative to firefighter trainees by this department (IAT, BOMBT, leg tuck,
deadlift, and farmers carry). The data presented in this study provide an initial profile, in
addition to some context, for other departments who may use these tests.

What was also notable from the normative data was where the female trainees were
positioned in the percentile ranks. Depending on the test, between 55% and 81% of all
females were positioned in the bottom three percentile ranks (0-29%). This was true for all
tests except the BOMBT, where 100% of the female trainees were in the 0-29% rank. These
results are not unexpected, as females will generally have a physical disadvantage relative to
males, as they tend to be smaller in body size and have less body and muscle mass compared
to men [81,82]. Nevertheless, these data also support the findings from the between-class
comparisons. Female trainees may require specific programs to optimize their physical
capacity to prepare for a firefighting career. These results should not discourage women
from becoming firefighters. Rather, they reinforce the need for specific training programs
designed by appropriately trained personnel to improve the physical capacity of female
trainees. Focusing on this physical development during fire academy training should also
hopefully benefit the longer-term career of female firefighters. As noted, this requires
further investigation. Research could entail the analysis of pre-academy strength and
conditioning programs and the effects on fitness of the female firefighter trainee, as well
as documentation of fitness changes during the academy period that occur with specific,
individualized physical training.

There are study limitations that should be noted. This study only analyzed one fire
department, although it was a large department within a major county [22]. The job
demands within this county, and the subsequent focus of academy training, could vary
from other parts of the country, and this could have impacted the fitness data detailed in
the current research. Age, height, and body mass data were not provided to the researchers,
so specific descriptive data of the participants could not be provided. Nonetheless, and
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as noted, it could be expected that the trainees would be similar in age, height, and body
mass to those previously detailed in the literature [10,32,33]. There was a smaller pool of
female firefighter trainees (1 = 31) compared to male firefighter trainees (1 = 274), although
this is common in physically demanding first responder occupations [17-21,46,54,83,84].
However, and as stated, many fire departments are trying to recruit and retain more
females [27]. As a result, it is essential that details for any female firefighter trainees are
presented. Testing and environmental conditions may have varied across cohorts. However,
similar to law enforcement research [17], this limitation is unavoidable given the need for
this department to run academy classes year-round. The fitness tests were used as a general
measure of physical capacity within this fire department. Future research could investigate
relationships between these tests with job performance, in addition to factors such as
academy graduation rates. As previously stated, within this department, scores were
assigned relative to performance in each of the fitness tests. These scores were not included
in this study as the researchers focused on the absolute test performance. However, the
existence of the scoring system could have influenced the study results. For example, the
metronome push-up test was capped at 100 repetitions, and 20% of trainees attained this
maximum. A trainee achieved maximum points for the deadlift with a load of 170.10 kg,
so they did not have to lift a greater 10RM beyond this if they did not want to. As such,
ceiling effects may have impacted the mean results. Height and body mass data were not
included in the datasets provided to the researchers. It is possible that tasks involving
strength could be performed better by trainees with larger stature [6,85], although this
cannot be confirmed with the current data. Similar to previous tactical research [54,85], is
expected that any training recommendations applied to females with strength limitations
could also be applied to males who have a smaller stature.

5. Conclusions

The results from this study indicated that performance in certain fitness tests (IAT,
BOMBT, leg tuck, deadlift, and farmers carry) were significantly different between fire
academy classes. These data demonstrated that within some classes, there may be trainees
lacking in a certain fitness quality that requires specific attention from the training staff.
With regards to the normative percentile rankings, the data documented a wide variance in
fitness qualities between trainees, with female trainees tending to be positioned towards
the bottom of the ranks. Although the female trainees had successfully completed the CPAT
to enter the fire training academy, they may still be lacking in certain fitness qualities (e.g.,
running speed, maximal power, maximal strength) that could make the training academy
process and firefighting occupation challenging. The results reinforced the need to use
fitness testing data for program design to target and develop any weakness in trainees [17].
These data also support the need for trained strength and conditioning professionals to
work with firefighter trainees. Fire departments should ensure they hire staff with the skills
and knowledge to ensure their trainees receive the best possible training programs. This
is especially important for female trainees, who may have some shortcomings in tasks
requiring maximal force output. It is also recommended that fire departments develop their
own normative data with their personnel. This will account for any specifics associated
with the firefighting tasks completed within a certain city or county.
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