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Abstract

Purpose. Low back pain is a leading cause of disability in firefighters and is related to poor
muscular endurance. This study examined the impact of supervised worksite exercise on back
and core muscular endurance in firefighters.

Design. A cluster randomized controlled trial was used for this study
Setting. The study occurred in fire stations of a municipal fire department (Tampa,

Florida).
Subjects. Subjects were 96 full-duty career firefighters who were randomly assigned by fire

station to exercise (n ¼ 54) or control (n ¼ 42) groups.
Intervention. Exercise group participants completed a supervised exercise targeting the back

and core muscles while on duty, two times per week for 24 weeks, in addition to their usual
fitness regimen. Control group participants continued their usual fitness regimen.

Measures. Back and core muscular endurance was assessed with the Biering-Sorensen test
and plank test, respectively.

Analysis. Changes in back and core muscular endurance from baseline to 24 weeks were
compared between groups using analysis of covariance and linear mixed effects models.

Results. After 24 weeks, the exercise group had 12% greater (p ¼ .021) back muscular
endurance and 21% greater (p¼ .0006) core muscular endurance than did the control group.
The exercise intervention did not disrupt operations or job performance.

Conclusion. A supervised worksite exercise program was safe and effective in improving back
and core muscular endurance in firefighters, which could protect against future low back pain.
(Am J Health Promot 2015;29[3]:165–172.)
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intervention testing/program evaluation; Study design: randomized trial; Outcome
measure: biometric; Setting: workplace; Health focus: fitness/physical activity;
Strategy: skill building/behavior change; Target population age: youth, adults;
Target population circumstances: geographic location

PURPOSE

Firefighting is one of the most
hazardous, physically demanding, and
psychologically stressful occupations.1

As a consequence, firefighters are at
high risk of musculoskeletal injuries,
particularly of the low back, and low
back injury is the most common injury
leading to early retirement for fire-
fighters.1,2 Firefighters perform nu-
merous occupational activities that
expose them to physical overexertion,
which increases the possibility of back
injury.3 These activities require ade-
quate levels of back and core muscular
support in order to stabilize the spine
and counteract the physical demands
placed on them.

Deconditioned back and core mus-
cles have been associated with low back
pain in firefighters and the general
population. A preliminary study ob-
served that firefighters with a history of
low back pain have lower levels of back
muscular endurance compared with
those without a history of low back
pain.4 In the general population, re-
duced strength and endurance, atro-
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phy, fatty infiltration, and abnormal
myoelectrical activity in the back and
core muscles have been reported in
individuals with low back pain.5–7

Moreover, decreased back muscular
endurance has been associated with an
increased risk of future low back pain
and is predictive of an increased
incidence of work disability.6,8

Given the importance of the back
and core muscles, the Fire Service Joint
Labor Management Wellness Fitness
Initiative recommends that all fire-
fighters undergo physical fitness test-
ing and exercise training for these
muscles.1 However, this initiative does
not offer specific suggestions about
strategies to improve and maintain the
functional capacity of the back and
core muscles, making it unclear how
these recommendations could be im-
plemented within the fire service.

While no known randomized con-
trolled studies have assessed the effec-
tiveness of exercise interventions on
improving muscular endurance and
reducing back injuries in firefighters,
several previous studies provide pre-
liminary insight about the relationship
of physical fitness and worksite inter-
ventions on back injuries in firefight-
ers. For example, in a cross-sectional
study, Cady et al.9 demonstrated that a
significant relationship existed be-
tween physical fitness parameters, such
as back strength, and subsequent risk
of back injury in firefighters. In a one-
arm cohort study, Peate et al.10 report-
ed that a core exercise program for
firefighters resulted in a reduction of
lost work time related to back injuries.
In a one-arm cohort study, Kim et al.11

found that a back education program
resulted in reduction of lost work time
and costs related to low back injuries.
In a two-arm cluster randomized trial,
Hilyer et al.12 reported that a general
flexibility exercise program resulted in
a reduction of loss time costs related to
unspecified musculoskeletal injuries in
firefighters.

In non-firefighters, back muscular
endurance gains have been observed
following a supervised exercise train-
ing program using specific progressive
resistance exercise protocols,13 but the
efficacy of this program has not been
studied in firefighters. Although high-
intensity, general physical fitness pro-
grams such as cross training have

gained support among various fire
service organizations,14,15 such pro-
grams are time-consuming, physically
intense, and difficult to implement,
which may negatively affect compli-
ance and short-term job performance
in firefighters.14,15 Moreover, general
physical exercise programs may result
in substantial proportion of worksite
injuries in firefighters.16

Given the unclear effectiveness of
general physical fitness programs to
improve the functional capacity of the
back and core muscles and the impor-
tance of these muscles to low back
injuries in firefighters, exercises fo-
cused on improving the endurance of
back and core muscles seem warrant-
ed. Such targeted exercise programs
appear to be a more efficient and
direct approach to reduce the burden
of low back injuries among firefighters
and could be more widely implement-
ed if deemed successful. However, the
effectiveness and safety of these pro-
grams have not been assessed in
firefighters through a randomized
controlled trial. The primary objective
of this study was to assess the effec-
tiveness of a supervised worksite exer-
cise program targeting the back and
core muscles on the development of
back and core muscular endurance in
firefighters. A secondary objective was
to assess the safety of this program by
examining the harms reported by study
participants.

METHODS

Design
This study was a two-arm, cluster

randomized controlled trial in which
the unit of randomization was the
worksite (i.e., fire station). Participants
were randomized to one of two groups
for a period of 24 weeks: (1) exercise
(supervised exercise training targeting
the back and core muscles, plus usual
physical fitness program) or (2) con-
trol (usual physical fitness program
alone). Primary outcome measures
were collected at a university-based
human functional performance labo-
ratory, and exercise training sessions
were carried out at the fire station.

Sample
Participants (n ¼ 96; 9 female, 87

male) (Table 1) were career firefight-

ers taken from regular service fire-
fighters (n ¼ 573) at Tampa Fire
Rescue (Tampa, Florida) who were
recruited through presentations, e-
mail notices, flyers, and word-of-
mouth. To determine eligibility, candi-
dates underwent a telephone and on-
site screening with self-reported health
questionnaires, urine pregnancy test-
ing for females, and a physical exam-
ination by a medical physician. The
university’s institutional review board
approved the experimental protocol,
and all participants provided informed
consent prior to screening.

Inclusion criteria for participation
were that subjects be (1) 18 years of
age or older and (2) a full-duty, career
firefighter of Tampa Fire Rescue. Ex-
clusion criteria were as follows: (1)
cardiovascular or orthopedic contra-
indications to resistance exercise17 as
identified by history and physical ex-
amination; (2) history of systemic
inflammatory disease or spinal surgery;
(3) clinically significant current low
back pain or disability;18,19 (4) cur-
rently diagnosed with or receiving
treatment for a psychological or psy-
chiatric disorder; (5) currently per-
forming progressive resistance back
extension exercises using a variable
angle Roman chair or weight machine-
based protocols; (6) active workers’
compensation or personal injury case;
(7) pregnant; (8) drug or alcohol
abuse within the past year.

Measures
Safety. Adverse event data, including
specific symptoms, as well as their
severity, duration, and health care
utilization, were gathered by study
personnel at each study visit and
exercise training session, and they
could be reported by participants at
any time. Data were tabulated and
categorized by the investigators ac-
cording to severity, type, and related-
ness to the study procedures.

Isometric Back and Core Muscular En-
durance. The primary outcomes for this
study were isometric back muscular
endurance time and isometric core
muscular endurance time, which were
assessed at baseline and after 12 weeks
and 24 weeks of the intervention. A
modified version of the Biering-Soren-
sen test was used to assess isometric
back muscular endurance20 because of
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its ability to activate the low back
muscles,6 its relationship with future
incidence of low back pain,6 and its
reliability as a measure of isometric
back extension muscular endurance.20

For the test, the participant was posi-
tioned on a variable angle Roman chair
with the anterior superior iliac spines
aligned to the superior edge of the
pelvic restraint pad of the machine.
The hands were placed behind the
head, the ankles were positioned un-
der the ankle pad, and the legs were
held as straight as possible. The par-
ticipant was instructed to elevate the
torso to a horizontal position and was
verbally encouraged by the examiner
to hold the position as long as possible.
If the participant was unable to main-
tain the test position (e.g., if the torso
dropped 108 below the horizontal
position) after two warnings, the ex-
aminer stopped the test, and time was
recorded in seconds.

Following the Biering-Sorensen test
and a 4-minute rest, the plank test was
performed to assess isometric core
muscular endurance1 because of its
ability to activate the core muscles,21 its
inclusion in the Fire Service Joint
Labor Management Wellness Fitness
Initiative as a recommended fitness test
for firefighters,1 and its reliability as a

measure of isometric core muscular
endurance.22 For the test, the partici-
pant assumed the following position
while prone on a floor mat: upper
body, hips, and legs evaluated off the
floor so the neck, trunk, and lower
extremities aligned in the sagittal
plane; body supported on forearms
and toes; elbows directly under the
shoulders; ankles maintained at 908;
scapulae stabilized with elbows at 908;
and spine in a neutral position. The
participant was verbally encouraged by
the examiner to hold this position as
long as possible. If the participant was
unable to maintain this position after
two warnings, the examiner stopped
the test, and time was recorded in
seconds.

Sample Size Calculation. The unit of
randomization was the fire station to
which participants were normally as-
signed. We assumed that the intra-
cluster correlation coefficient (ICC)
for the primary outcome measures
would be .1, with an average of five
participants per fire station. Based on a
previous exercise training study in
healthy non-firefighter adults,13 we
hypothesized that participants in the
exercise group would increase isomet-
ric back muscular endurance by 40%
compared with controls at 24-week

follow-up. Along with the mean 6

standard deviation (SD) of 111 6 47
seconds reported for isometric back
muscular endurance times in un-
trained firefighters,4 we estimated that
60 participants in two groups of 30
would be adequate to establish statisti-
cal significance with a two-tailed test at
the .05 alpha level and a power of .80.

Randomization. Participants were ran-
domized by cluster (fire station) in-
stead of by individual to protect against
the potential of exposure bias and
contamination. Firefighters within the
same station live in the same facility,
eat together, train and practice to-
gether, and are otherwise in each
other’s company for 24 hours during
each shift. If randomization were car-
ried out by individual, firefighters
within a station would have many
opportunities to discuss the study with
firefighters from the other study group
and would observe the other group’s
intervention, thereby increasing the
risk of exposure bias and contamina-
tion.

Prior to enrollment, the statistician
(who was blinded to group assignment
and did not determine eligibility)
stratified the 21 fire stations of Tampa
Fire Rescue by pertinent characteris-
tics—size (i.e., number of firefighters),

Table 1

Baseline Characteristics of Participants*

Exercise (n ¼ 54) Control (n ¼ 42) Total (n ¼ 96) Exercise (n ¼ 54) Control (n ¼ 42) Total (n ¼ 96)

Mean 6 SD Mean 6 SD Mean 6 SD No. (%) No. (%) No. (%)

Continuous variable

Age (y) 37.6 6 9.8 31.3 6 8.0 34.8 6 9.5

Career as firefighter (y) 11.3 6 9.3 5.7 6 7.1 8.9 6 8.8

Height (cm) 177.3 6 7.5 176.7 6 9.0 177.1 6 8.2

Weight (kg) 88.7 6 12.8 85.6 6 18.7 87.3 6 15.7

Body fat (%) 23.4 6 8.9 21.3 6 7.0 22.5 6 8.1

Physical activity (d/wk) 3.2 6 1.2 3.3 6 1.4 3.2 6 1.3

Categorical variable

Sex

Female 7 (16.7) 2 (3.7) 9 (9.4)

Male 35 (82.3) 52 (96.3) 87 (90.6)

History of low back pain

No 29 (53.7) 38 (90.5) 67 (69.8)

Yes 23 (46.3) 4 (9.5) 29 (30.2)

BMI classification (kg/m2)

Normal (18.5–24.9) 11 (21.6) 13 (31.7) 24 (26.1)

Overweight (25.0–29.9) 24 (47.1) 20 (48.8) 44 (47.8)

Obese (�30) 16 (31.4) 8 (19.5) 24 (26.1)

*BMI indicates body mass index; and SD, standard deviation.

American Journal of Health Promotion January/February 2015, Vol. 29, No. 3 167

For individual use only.
Duplication or distribution prohibited by law.



age of firefighters, and number of
emergency responses. Each fire station
was paired with another station with
similar characteristics. The statistician
generated the randomization sequence
for each pair of fire stations using SAS
(Statistical Analysis System, version 9.2,
Cary, North Carolina), assigning one
station to the exercise group and the
other station to the control group. Of
the 21 fire stations, 11 were random-
ized to the exercise training group and
10 were randomized to the control
group. Participants were informed of
their group assignment by phone. The
study statistician, physician, and exam-
iner for the back and core endurance
tests were blinded to group assign-
ment. The study participants were
blinded to group assignment during
baseline assessments.

Intervention
Exercise. Participants in the exercise
group completed a supervised exercise
training program while on duty at the
fire stations, two times per week for 24
weeks. Each exercise session consisted
of one set of five exercises (four core
exercises on a floor mat and one back
extension exercise on a variable angle
Roman chair), which took approxi-
mately 10 minutes to complete. This
exercise protocol was based on prior
literature suggesting its effectiveness in
activating the back and core muscles
and improving back and core muscle
endurance.13,23,24

Each exercise session was supervised
by a certified exercise trainer who was
either an exercise specialist from the
research team or a peer fitness trainer1

from the fire department. The exercise
trainer traveled to each fire station
assigned to the exercise group at least
one time per day, 7 days per week to
administer exercises for the partici-
pants. Given the shift schedule of the
firefighter participants (1 day on duty
followed by 2 days off duty, with an
extra ‘‘R’’ day off every 3 weeks), the
participants had a maximum opportu-
nity to exercise 2 days per week. The
participants were not relieved of their
usual fire service activities (e.g., emer-
gency responses) in order to perform
the exercises, which were therefore
occasionally interrupted.

To begin each exercise session, the
participant completed four mat-based
core exercises (cat camel, birddog,

curl-up, and side bridge) (Figure 1).24

The core exercises were performed in
an isometric manner, with the isomet-
ric contraction lasting 6 to 8 seconds.
One set of five repetitions was com-
pleted for each exercise, with no rest
between exercises. The core exercises
were performed in the same manner at
each session, with the volume and
intensity remaining constant through-
out the training period.

Following the core exercises, the
participant completed one set of dy-
namic progressive resistance exercise
for back extension on a variable angle
Roman chair (Conner Athletic Prod-
ucts, Jefferson, Iowa) using an exercise
training protocol that was adapted
from a protocol previously assessed in
healthy non-firefighter adults.13 The
participant started each repetition of
exercise in the terminal extension
position and was instructed to lower
the torso in a smooth, controlled
fashion, completing the eccentric
phase at terminal flexion in 4 seconds.
Next, the participant raised the torso
during the concentric phase of exer-
cise, ending at terminal extension in 4
seconds. The participant held the
terminal extension position for 4 sec-
onds prior to the start of the eccentric
phase of the next repetition. This set of
exercise was performed until volitional
fatigue or 30 repetitions was attained.
The exercise resistance level was pro-
gressed at subsequent exercise sessions
by altering the variable angle Roman
chair angle setting (six settings) and
manipulating the participant’s hand
positions (three hand positions) using

a standardized progression protocol
(Figure 2).23,25

Control. Participants in the control
group did not receive the supervised
back and core exercise intervention.
Participants in both groups were in-
structed to continue performing their
usual physical fitness routines
throughout the 24-week study period
and to not start any new exercises for
the back and core muscles other than
those administered as part of the study.
Compliance to these instructions was
monitored by general questioning at
the follow-up study visits. The usual
physical fitness routine of firefighters
of the target population varies widely
and was not monitored in this study.

Analysis
Analysis of covariance (ANCOVA),

which controlled for baseline muscular
endurance time,26 was used to deter-
mine if a difference in back and core
muscular endurance existed between
the exercise and control groups at the
24-week time point. A linear mixed
effects model was used to assess the
effect of group on change in muscular
endurance over the 24 weeks of the
study. A linear mixed effects model was
selected because the sphericity as-
sumption required for a repeated
measures analysis of variance was vio-
lated, data were missing from the
follow-up time points, and it accounted
for the hierarchical structure and
correlated measurements.27

For the linear mixed effects model,
the fixed factors were group (exercise,

Figure 1

Core Exercises (A) Cat camel, (B) Birddog, (C) Curl-up, and (D) Side bridge
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control), time point (baseline, 12
weeks, 24 weeks), interaction between
group and time, age of participant
(years), body mass index (BMI) (kg/
m2), and physical activity level (d/wk).
The random factor was the individual
within the fire station. The ICC was
estimated to measure the clustering
effect and the proportion of variance
owing to clustering. Factors related to
improvements in muscular endurance
were assessed for the exercise group
participants by calculating Spearman
rank and Pearson product moment
correlation coefficients. Spearman
rank correlation coefficients were used
to assess the relationship between the
number of exercise sessions completed
over 24 weeks and the improvement in
muscular endurance observed at 24
weeks. Pearson product moment cor-
relation coefficients were used to assess
the relationship between baseline
muscular endurance and the improve-
ment in muscular endurance observed
at 24 weeks. Intention to treat analyses
were used, and statistical significance
was accepted with alpha set at .05. Data
are reported as mean 6 SD unless
otherwise noted. All analyses were
conducted using SAS version 9.2 and

SPSS version 20 (IBM, Armonk, New
York).

Results
Disposition of Participants Through Study.
(See Figure 3.) Of the 153 firefighters
assessed for eligibility, 96 were deemed
eligible to participate and were ran-
domized (exercise n ¼ 54, control n ¼
42). Reasons for ineligibility were that
they (1) did not meet inclusion/
exclusion criteria at phone screen (n¼
18); (2) were unable or unwilling to
participate at phone screen (n¼6); (3)
were eligible at phone screen but did
not attend screening visit (n¼ 23); and
(4) did not meet inclusion/exclusion
criteria at screening visit (n¼ 10). Of
the 96 participants who were random-
ized, 86 completed the end-of-trial (24-
week) assessments. Reasons for missed
end-of-trial assessments were (1) vol-
untary withdrawal (n ¼ 4); (2) not
meeting inclusion/exclusion criteria
required to continue participation (n¼
3); and (3) not showing up for end-of-
trial assessment (n ¼ 3). Baseline
physical activity level, weight, BMI,
body fat percentage, back muscular
endurance, and core muscular endur-
ance were not significantly different

between randomized participants who
completed the end-of-trial assessments
and those who did not complete the
end-of-trial assessments.

Exercise Training Characteristics. Exer-
cise interventions were completed for
all participants over a 228-day period,
requiring 218 days of supervised exer-
cise training, 1105 visits to the fire
stations, and 1745 individual super-
vised exercise sessions administered by
the exercise trainers. The mean 6 SD
number of exercise training sessions
completed over the 24-week training
period by each participant in the
exercise group was 32.3 6 10.1, which
was approximately 67% of the target of
48 exercise sessions.

There were no reports from study
staff, peer fitness trainers, fire depart-
ment administrators, or study partici-
pants that participants assigned to the
control group completed the back and
core muscle exercises assigned to the
exercise group, indicating that con-
tamination was not a major issue. None
of the study participants in either
group reported that they started any
new exercises for the back and core
muscles other than those administered
as part of the study during these 24
weeks.

Safety. A total of 22 adverse events that
were related or possibly related to the
exercise tests and interventions were
reported throughout the study, all of
which occurred in the exercise training
group (Table 2). When expressed
relative to the total number of 1893
exposures (i.e., sum of the 1745
individual exercise sessions and 148
individual testing sessions for the
exercise training group), the incidence
of related or possibly related adverse
events was 1.2 adverse events per 100
exposures. None of the related or
possibly related adverse events affected
work status, and all participants con-
tinued to work as full active-duty
firefighters. The vast majority of relat-
ed or possibly related adverse events
were minor, temporary, self-limiting,
and consistent with responses to pro-
gressive resistance exercise (e.g., mus-
cle soreness). There were no reports
that the exercise intervention nega-
tively affected job performance or fire
service operations.

Figure 2

Progressive Resistance Exercise Protocol Used for Back Extension

Exercise Training
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Back and Core Muscular Endurance. Raw
isometric back and core muscular
endurance times at baseline, 12 weeks,
and 24 weeks are found in Table 3. The
ICC values for back and core muscular
endurance were .062 and .068, respec-
tively. Based on the ANCOVA results,
the adjusted isometric back muscular
endurance time (mean 6 standard
error [SE]) at 24 weeks was 12%
greater for the exercise group com-
pared with the control group (exercise:
99.7 6 3.3 seconds; control: 89.0 6 3.0
seconds; p ¼ .021). Linear mixed
effects model results found a signifi-
cant group by time interaction (p ¼
.0089), indicating that on average,
isometric back muscular endurance
time increased by 1.1 seconds per
month in the exercise group and
decreased by 1.1 seconds per month in
the control group. No significant asso-
ciation was found between the im-
provement in back muscular

endurance at 24 weeks and baseline
value or number of exercise sessions
completed over 24 weeks.

Based on the ANCOVA results, the
adjusted isometric core muscular en-
durance time (mean 6 SE) at 24 weeks
was 21% greater for the exercise group
compared with the control group
(exercise: 145.9 6 4.7 seconds; con-
trol: 120.6 6 5.3 seconds; p ¼ .0006).
Linear mixed effects model results
found a significant group by time
interaction (p¼ .0166), indicating that
on average, isometric core muscular
endurance time increased by .9 sec-
onds per month in the exercise group
and decreased by 2.5 seconds per
month in the control group. A signif-
icant association was found between
the improvement in core muscular
endurance at 24 weeks with baseline
value (Pearson coefficient¼�0.484; p¼
.0005) and number of exercise sessions
completed over 24 weeks (Spearman
coefficient ¼ 0.39; p ¼ .006).

DISCUSSION

The main finding of this study was
that a two-time per week, 24-week
supervised exercise program targeting
the back and core muscles was safe and
effective. When compared to usual
physical fitness programs performed by
firefighters in the control group, the
supervised exercise program resulted
in 12% and 21% greater gains in back
and core muscular endurance, respec-
tively.

Although the impact of increased
muscular endurance on preventing
back injuries in firefighters is currently
unclear, previous studies provide some
insight regarding the clinical signifi-
cance of the observed gains. For
example, higher levels of endurance
from various muscle groups, including
the lower trunk, have been shown to be
positively related to better perfor-
mance on simulated firefighting
tasks,28,29 which suggests that improve-
ments in back and core muscular
endurance may coincide with im-
provements in job performance. In
addition, a higher level of back mus-
cular endurance has been shown to be
related to improved movement quality
and functional movement.30

Previous studies have also reported
that relatively small differences in back
muscular endurance were useful to
identify subgroups of participants with
previous, current, or future low back
pain. Only 5.0 seconds separated those
who reported low back pain less than a
week ago from those who had low back
pain more than a week ago, whereas
11.8 seconds separated those with
current versus previous low back pain;
16.0 seconds distinguished those with
intermittent low back pain versus no
low back pain; and 17.3 seconds
divided those who would experience
their first episode of low back pain in
the next 12 months from those who
would remain symptom free.31–33

Viewed in this context, the observed
improvement of 10.7 seconds in back
muscular endurance may be clinically
meaningful, although the long-term
impact of increased back muscle en-
durance on low back pain and work
injuries remains unknown and requires
future research.

The observation that back muscular
endurance time declined in the con-
trol group at follow-up is difficult to
explain. Because back muscular en-

Figure 3

Flow Diagram of Participants Through the Phases of the Study
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durance was assessed with a standard-
ized physical fitness test requiring
maximum voluntary effort, declines
over time could be related to numer-
ous factors, for example, loss of inter-
est in repeating the study
measurements for those in the control
group, natural fluctuations in these
measures over time, or actual decre-
ments in physical performance and
functional capacity related to natural
history or other factors. In a recent
study,34 a similar reduction in back
muscular endurance time was observed
in healthy soldiers following 12 weeks
of either core-specific or traditional
trunk exercise programs.

Some potential limitations to this
study must be acknowledged when

interpreting its findings. All study
participants were without current low
back pain, without significant history
of low back disorders, and from the
same medium-sized municipal fire de-
partment in central Florida, which may
limit its generalizability to firefighters
with other health characteristics out-
side of this setting. The strict inclusion
and exclusion criteria used to deter-
mine eligibility for participation in this
initial study may have limited enroll-
ment, thereby limited the generaliz-
ability of the study’s findings. Also,
potential differences were noted be-
tween groups at baseline regarding
back muscular endurance, BMI, and
history of low back pain, which may
have complicated interpreting and

comparing results. To minimize these
potential confounders, we accounted
for baseline scores and BMI in the
statistical models. Another potential
limitation of the study was that BMI
and body fat percentage were not
assessed at the midtrial and end-of-trial
testing sessions. Since significant rela-
tionships between anthropometric
measurements and back muscular en-
durance have been reported,35 chang-
es in anthropometric measurements
may confound changes observed in
muscular endurance over the course of
an exercise program. Although statis-
tically significant gains in muscular
endurance were observed in this initial
study, the impact of increased muscu-
lar endurance on preventing back
injuries in firefighters is currently
unclear. Many researchers and clini-
cians believe that improving muscular
endurance through exercise is benefi-
cial. However, the supporting evidence
regarding specific details of the rela-
tionship between improving muscular
endurance and reducing back injuries
is unavailable. For example, no vali-
dated thresholds have been established
to determine the acceptable or mini-
mal level of endurance required to
protect against back injuries in fire-
fighters or other high-risk workers.

These findings suggest that addi-
tional randomized controlled trials
with longer follow-up periods and
additional outcomes are needed to
determine if back and core exercise
training can improve job performance
and reduce the disability burden im-
posed by low back pain in firefighters.
Such studies could also compare the
effectiveness, cost effectiveness, and
ease of implementation for supervised
and unsupervised exercise programs,
determine the clinical meaning of
observed gains in back and core
muscular endurance, and determine
the long-term impact of this exercise
program on firefighter health, disabil-
ity, injuries, and absenteeism, which
together influence preparedness and
fitness for duty. Given that the exercise
regimen was deemed to be safe and did
not negatively impact job performance
in the current study, future studies
could use less-restrictive eligibility cri-
teria to ensure that results are more
easily generalized to the intended
study populations.

The exercise program studied is of
substantial practical value for health
promotion professionals who design

Table 2

Adverse Events Reported by the Participants That Were Definitely or Possibly

Related to the Exercise Intervention

Category and Severity

Definitely Related,

No. (%)

Possibly Related,

No. (%)

Total,

No. (%)

Pain/soreness—low back

Mild 5 (22.7) 6 (27.3) 11 (50.0)

Mild–Moderate 1 (4.5) 2 (9.1) 3 (13.6)

Unknown 1 (4.5) 2 (9.1) 3 (13.6)

Pain/soreness—rib

Unknown 0 (0.0) 1 (4.5) 1 (4.5)

Pain/soreness—general

Mild 0 (0.0) 1 (4.5) 1 (4.5)

Pain/soreness and stiffness—neck

Mild 0 (0.0) 1 (4.5) 1 (4.5)

Stiffness—neck

Mild 0 (0.0) 1 (4.5) 1 (4.5)

Stiffness—low back

Mild 0 (0.0) 1 (4.5) 1 (4.5)

Table 3

Unadjusted Back Muscular Endurance (Modified Biering-Sorensen Test) and Core Muscular

Endurance (Plank Test) Scores at Baseline, Midtrial (12 Weeks), and End of Trial (24 Weeks)*

Variable

Exercise Control

No. Mean 6 SD No. Mean 6 SD

Back muscular endurance (s)

Baseline 54 86.7 6 27.0 42 99.6 6 26.8

Midtrial (12 weeks) 46 88.0 6 29.9 40 94.2 6 22.8

End of trial (24 weeks) 48 95.7 6 31.6 38 94.1 6 20.6

Core muscular endurance (s)

Baseline 54 138.4 6 58.0 42 135.6 6 51.8

Midtrial (12 weeks) 46 134.7 6 53.6 40 121.9 6 54.0

End of trial (24 weeks) 48 147.3 6 52.3 38 118.7 6 49.7

*SD indicates standard deviation.
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and implement physical fitness pro-
grams for high-risk workers in physi-
cally demanding occupations,
including firefighters. Current findings
indicate that this exercise program is
safe, effective, and practical, requiring
relatively minimal time from its partic-
ipants while on duty, minimal equip-
ment and space, and minimal staff and
firefighter training.
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SO WHAT? Implications for
Health Promotion Practitioners
and Researchers
What is already known on this topic?

Firefighters are at high risk for low
back pain and disability owing to
their physically demanding work
environment. Worksite exercise
training for the back and core
muscles is a potentially useful coun-
termeasure to reduce risk of low back
pain in firefighters.
What does this article add?

This study found that a supervised
worksite exercise program targeting
the back and core is safe and
effective for improving back and core
muscular endurance in firefighters,
and it does not disrupt job perfor-
mance or operations of the fire
department. To our knowledge, no
other published controlled study has
demonstrated these effects.
What are the implications for health
promotion practice or research?

The present study’s findings support
fire services’ implementation of exer-
cise programs designed to improve the
functional capacity of the back and
core muscles in firefighters. Research-
ers can build upon this study’s findings
to further assess the effectiveness of
exercise programs to reduce the risk of
low back pain and disability, reduce
absenteeism, and enhance fitness for
duty in firefighters.
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