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Abstract.
BACKGROUND: Firefighting is a dangerous occupation with a high incidence of low back pain and injury. Abnormal back
muscle function and morphology has been linked to low back pain and poor physical performance. The effect of exercise training
on back muscle size and symmetry has not been investigated in firefighters.
OBJECTIVE: The purpose of this study was to assess the effect of worksite exercise training for eliciting lumbar multifidus
muscle hypertrophy in firefighters.
METHODS: A cluster randomized controlled trial was conducted with healthy, career firefighters (n = 64) from a medium-sized
fire department. Participants were randomized by fire station to exercise training (n = 36) (supervised back and core exercise
performed on duty, 2X/week, 24 weeks) or control (n = 28). The cross-sectional area (CSA) of the L4 and L5 lumbar multifidus
muscle was assessed with ultrasonography at baseline and following the intervention.
RESULTS: At 24 weeks, no significant differences were noted between the groups in the adjusted (by baseline scores and body
mass) L4 and L5 lumbar multifidus muscle CSA and asymmetry values.
CONCLUSIONS: A worksite exercise training program targeting the back and core is not effective for eliciting hypertrophy of
the lumbar multifidus muscle in healthy firefighters.
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1. Introduction

Firefighting is a dangerous occupation with a high
incidence of low back pain and injury [1]. In a re-
cent report, 86% of career firefighters reported a his-
tory of low back pain, while 55% reported current low
back pain [1]. Back injury is also the leading cause of
early retirement in firefighters [1]. While the causes of
low back pain and injury in firefighters remain unclear,
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multiple factors likely contribute to the high incidence
of low back pain and injury in firefighters. Preliminary
studies suggest that various physical firefighting activ-
ities (e.g., operating charged hoses, climbing ladders,
breaking windows, looking for hidden fires, and lift-
ing objects � 18 kg) and awkward lifting postures are
linked with low back injury [2,3]. Furthermore, aber-
rant musculoskeletal movement patterns have been as-
sociated with musculoskeletal injuries in firefighters at
the training academy [4].

In non-firefighter populations, atrophy of the lum-
bar multifidus has also been associated with low back
pain [5–7]. For example, Hides et al. [6] found lumbar
multifidus cross-sectional areas (CSA) at the L4 and
L5 levels to be significantly smaller in individuals with
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low back pain compared to asymptomatic individuals.
Consequently, many investigations have sought to de-
termine if exercise interventions are effective for elic-
iting multifidus hypertrophy [8–14]. In non-firefighters
with low back pain [8,10,11,13] and in post-operative
patients [9], various rehabilitative exercise interven-
tions have been demonstrated to be effective at eliciting
multifidus hypertrophy. However, less research has as-
sessed the effectiveness of preventative exercise inter-
ventions for eliciting multifidus hypertrophy in healthy
individuals [12,14], and no data are available in fire-
fighters.

Due to the high incidence of low back pain and in-
jury in firefighters, and the association between low
back pain and multifidus atrophy, identifying exercise
interventions that elicit multifidus hypertrophy in fire-
fighters appears warranted and potentially valuable to
the fire service and other high-risk occupations. Thus,
the purpose of this study was to assess the effect of a
worksite exercise training program for eliciting lumbar
multifidus muscle hypertrophy in firefighters.

2. Methods

2.1. Study design

This study was a two-arm, cluster randomized con-
trolled trial. Participants were randomized by fire sta-
tion into either an exercise training group (24 weeks
of supervised exercise training at the fire station) or a
control group. The outcome measures (multifidus CSA
and asymmetry) were collected at a university labo-
ratory at baseline and after 24 weeks. Data were col-
lected from February 2011 through November 2011.

2.2. Participants

Participants (n = 64, 6 female, 58 male) were ca-
reer firefighters who were recruited from the entire
population of firefighters of Tampa Fire Rescue (n =
573) (Tampa, FL, USA). Methods of recruitment in-
cluded email notifications, presentations and posted
flyers at the fire stations, and word-of-mouth. Eligibil-
ity of study candidates was assessed with a brief tele-
phone screen, which included questions about work
status and health history. Eligible candidates were then
invited to the university’s laboratory for additional on-
site screening, which included various self-reported
health questionnaires, urine pregnancy test for females,
and a physical examination by a medical physician. In-

formed consent was obtained from all study candidates
prior to participation in the on-site screening proce-
dures. The study protocol was approved by the univer-
sity’s institutional review board.

To be included in the study, participants had to be �
18 years of age and an active, full-duty firefighters of
Tampa Fire Rescue without work restrictions. Exclu-
sion criteria for the study were as follows: cardiovascu-
lar or orthopaedic contraindications to resistance exer-
cise [15]; history of systemic inflammatory disease or
spinal surgery; clinically significant self-reported cur-
rent low back pain or disability [16,17]; level of readi-
ness for physical activity at screening deemed by the
study physician to preclude participation [18]; pres-
ence of a red flag for potentially serious condition re-
lated to low back pain [19]; resting blood pressure or
heart rate outside of normal limits at screen (normal
limits: blood pressure systolic 90–139 mm Hg, dias-
tolic 60–89 mm Hg; heart rate 60–100 beats per minute
for sedentary individuals); currently receiving care for
or disabled due to spinal pain disorder or injury; cur-
rently diagnosed with or receiving treatment for a psy-
chological or psychiatric disorder; currently perform-
ing progressive resistance exercises for the low back
or core muscles; active workers’ compensation or per-
sonal injury case; unable or unwilling to complete the
study procedures; research team member (e.g. peer fit-
ness trainer); pregnant; simultaneously enrolled in an-
other biomedical clinical trial; drug or alcohol abuse
within the past year; or any other condition, which in
the opinion of the principal investigator or study physi-
cian, would put the candidate at increased safety risk or
otherwise make the candidate unsuitable for this study.

2.3. Randomization

The unit of randomization for this study was fire sta-
tion. The purpose of randomizing by cluster (fire sta-
tion) rather than individual was to help minimize the
potential of exposure bias and contamination. Since
firefighters at a given fire station are in each other’s
company for 24 hours at a time, randomizing by indi-
vidual would likely have created opportunities for fire-
fighters in one study group to discuss the study with
firefighters in the other study group and to observe the
other group’s exercise training.

Prior to enrollment, the statistician stratified the fire
stations of Tampa Fire Rescue by certain characteris-
tics (number of firefighters, age of firefighters, num-
ber of emergency responses), and fire stations with
similar characteristics were paired. Using a statisti-
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cal software program (Statistical Analysis System, ver-
sion 9.2, Cary, NC, USA), the statistician generated a
randomization sequence for each pair of fire stations.
Based on the randomization scheme, each fire station
had an equal chance of being assigned to either the
exercise or control group. Group assignment was re-
vealed to the investigators and study participants after
all baseline assessments were completed in a pair of
stations. The statistician, study physician, and radiolo-
gist who conducted the image analysis were blinded to
group assignment throughout the study.

2.4. Intervention

2.4.1. Exercise
Within approximately one week after randomiza-

tion, individuals in the exercise training group initi-
ated participation in the supervised exercise program
at the fire stations. The participants completed the ex-
ercise program everyday while on duty over the course
of 24 weeks (approximately two times per week based
on the normal shift schedule for firefighters at Tampa
Fire Rescue: 24 hours on duty, followed by 48 hours
off duty, with an extra day off every three weeks (“R”
day)). For each exercise session, five exercises were
completed: four core exercises on an exercise mat and
one back extension exercise on a variable angle Ro-
man chair. The total time to complete the five exer-
cises was approximately 10 to 15 minutes. The exer-
cises and progression protocol used in the current study
have been found to activate the back and core muscles,
and improve back and core muscle endurance in non-
firefighters [20–22].

2.4.2. Core exercises
To begin each exercise session, the following core

exercises were completed: Cat Camel, Birddog, Curl-
up, and Side Bridge [21]. The Cat Camel involved the
following techniques: quadruped start position; cycling
through full spinal flexion and extension; maintaining
isometric contractions of six to eight seconds at the
maximum spinal flexion and extension positions. The
Birddog involved the following techniques: quadruped
start position; simultaneous lifting of the contralateral
upper and lower limbs to be parallel with the floor;
maintaining an isometric contraction of six to eight
seconds at the parallel position. The Curl-up involved
the following techniques: supine position start posi-
tion, with one knee flexed, hands placed under the low
back, and elbows in contact with the mat; lifting the
head and shoulders up toward the ceiling as high as

possible; maintaining an isometric contraction of six
to eight seconds at this position. The Side Bridge in-
volved the following techniques: side-lying start posi-
tion, with knees bent at 90◦ and one elbow bent at 90◦

and positioned under the shoulder; lifting the pelvis to
a position of 0◦ hip flexion, with only the knees and el-
bows in contact with the mat; maintaining an isometric
contraction of six to eight seconds at this position.

One set of five repetitions was completed for each
core exercise. For the Birddog, five repetitions were
performed with the right leg and left arm, and five rep-
etitions were performed with the left leg and right arm.
For the Side Bridge, five repetitions were performed on
the right side, followed by five repetitions on the left
side. No rest was provided between the four core ex-
ercises. The volume and intensity of the core exercises
remained constant throughout the 24-week training pe-
riod.

2.4.3. Back extension exercise
Following the core exercises, the participant com-

pleted one set of back extension using a variable an-
gle Roman chair (Conner Athletic Products, Jefferson,
Iowa, United States). The variable angle Roman chair
was fixed at one of six angles (75◦, 60◦, 45◦, 30◦, 15◦

or 0◦ during the set of exercise. Standard positioning
of the participant on the variable angle Roman chair
included the following: aligning the anterior superior
iliac spines with the superior edge of the machine’s
pelvic restraint pad; securing the ankles under the ma-
chine’s ankle pad; extending the knees fully; and inter-
nally rotating the hips such that the toes point inward
at 45◦ [23].

Each repetition took 12 seconds to complete and
consisted of four-second eccentric, concentric, and iso-
metric contractions. To standardize the movement ve-
locity, a metronome (MA-30, Korg Inc., Tokyo, Japan)
was used during the set. The participant started each
repetition in terminal extension. Then, over a period
of four seconds, the participant lowered the torso in a
smooth, controlled manner to terminal flexion. Next,
the participant lifted the torso to terminal extension
over a period of four seconds. Finally, the participant
held the terminal extension position for a period of
four seconds, prior to starting the eccentric phase of the
next repetition. Throughout the exercise set, the par-
ticipant was instructed to accentuate lumbar interseg-
mental extension and to limit movement at the hip and
knee joints [23]. The participant performed the set of
exercise until volitional fatigue or 30 repetitions were
attained. The goal repetition range was 15–20 at vo-
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Fig. 1. Progressive resistance exercise protocol used for back exten-
sion exercise training.

litional fatigue. Over the course of the 24-week train-
ing period, the resistance level was regularly altered for
subsequent exercise sessions. The resistance level was
altered by adjusting the variable angle Roman chair
angle setting (six settings) and/or by manipulating the
participant hand position (three hand positions) [20]
(Fig. 1). External weights were not used. By altering
the angular position of the exercise device and/or par-
ticipant hand position, the resistive load applied to the
low back region is changed based on the action of grav-
ity on the upper body. A similar standardized progres-
sion protocol was used in a previous exercise training
study that enrolled healthy non-firefighter adults [22].
For the first session of exercise training, each partici-
pant completed the back extension exercise at the low-
est resistance level. The resistance level used in sub-
sequent exercise sessions was based on performance:
� 20 repetitions at one session or 15–19 repetitions at
three consecutive sessions – increase resistance by one
level; � 14 repetitions at three consecutive sessions –
decrease resistance by one level.

2.4.4. Exercise supervision
A certified exercise trainer supervised every exer-

cise session over the course of the 24-week program.
The exercise trainers consisted of an exercise special-
ist from the research team and peer fitness trainers [1]
from the fire department. Although the exercise ses-
sions were supervised, they were not completed at the
same time every day. This was because the participants
were unable to suspend their usual fire service activ-
ities (e.g., emergency responses) in order to perform
the exercises on duty. Thus, the exercise trainer worked
around the daily operations of each fire station.

2.4.5. Control
Participants in the control group did not receive the

supervised intervention. Participants in both the con-

Fig. 2. Cross-sectional ultrasound image of L5 lumbar multifidus
(MU). LA = lamina; SP = spinous process.

trol group and exercise group were given verbal and
written instructions to continue performing any usual
physical fitness routines throughout the 24-week study
period, not start any new exercises for the back and
core muscles, and not perform any progressive resis-
tance exercise for the back muscles. General question-
ing at the follow-up study visits was used to monitor
compliance with these instructions.

2.5. Ultrasonography

The primary outcome measures for this study were
lumbar multifidus CSA and asymmetry, which were
assessed at baseline and at 24 weeks following the on-
set of the intervention. Lumbar multifidus CSA images
were acquired with a portable ultrasound device (My-
Lab 25, Biosound Esaote Inc., Florence, Italy), which
was equipped with a 5 MHz curvilinear transducer
(CA631, Biosound Esaote Inc., Florence, Italy). Im-
ages were acquired from the participants’ left and right
sides at the L4 and L5 vertebral levels. During image
acquisition, participants laid prone on a table, with a
pillow underneath the abdomen to standardize the posi-
tion of lordosis [11]. To standardize the transducer po-
sition for image acquisition, the test examiner palpated
bony landmarks and then identified the landmarks on
the device’s monitor.

The images were analyzed on a desktop computer
using ImageJ software (National Institute of Health,
Bethesda, Maryland, United States). The ImageJ free-
hand tool was used to trace the borders of the lum-
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Table 1
Baseline characteristics of participants

Exercise (n = 36) Control (n = 28) Total (n = 64)
Variable Mean ± SD Mean ± SD Mean ± SD
Age (y) 36.1 ± 10.0 31.8 ± 8.5 34.2 ± 9.6
Career as firefighter (y) 9.6 ± 9.4 6.6 ± 7.6 8.3 ± 8.7
Any physical exercise (d/wk) 3.0 ± 1.3 3.7 ± 1.5 3.3 ± 1.4
Body Height (cm) 176.7 ± 8.2 177.5 ± 10.1 177.1 ± 9..0
Body Mass (kg) 86.5 ± 13.1 85.4 ± 19.1 86.0 ± 15.9
BMI (kg/m2) 27.7 ± 3.6 26.9 ± 4.2 27.3 ± 3.9
Body fat (%) 23.1 ± 10.1 20.5 ± 6.2 22.0 ± 8.6

BMI = body mass index; SD = standard deviation.

Table 2
Unadjusted lumbar multifidus muscle cross-sectional area and asymmetry values at baseline and 24-weeks

Exercise (n = 36) Control (n = 28)
Variable Baseline 24-weeks Baseline 24-weeks
Right L4 CSA (cm2) 11.2 ± 2.2 10.7 ± 1.5 11.0 ± 2.5 10.7 ± 1.7
Left L4 CSA (cm2) 12.0 ± 2.7 11.3 ± 1.8 11.3 ± 2.5 11.0 ± 1.9
Right L5 CSA (cm2) 11.3 ± 2.1 10.2 ± 1.6 11.1 ± 2.3 10.1 ± 1.9
Left L5 CSA (cm2) 11.2 ± 1.9 10.3 ± 1.8 11.0 ± 2.4 10.3 ± 1.9
L4 asymmetry (%) 9.8 ± 9.3 9.6 ± 7.7 7.2 ± 6.7 9.0 ± 6.5
L5 asymmetry (%) 7.7 ± 6.8 6.6 ± 5.9 11.6 ± 21.4 7.4 ± 6.5

CSA = cross-sectional area. Values are reported as mean ± standard deviation.

bar multifidus [11] (Fig. 2). The echogenic lamina was
used to identify the multifidus deep border, the acous-
tic shadow of the spinous process was used to iden-
tify the multifidus medial border, the thoracolumbar
fascia was used to identify the multifidus superficial
border, and the fascia separating the lumbar multifidus
from the erector spinae was used to identify the mul-
tifidus lateral border. The mean value of two measure-
ments, which came from two separate ultrasound im-
ages, was used for the final analysis. Asymmetry be-
tween right and left lumbar multifidus CSA was ex-
pressed as the percent difference between sides (% dif-
ference = [(largest/smallest value) × 100] – 100) [24].
Ultrasonography is a reliable and valid tool for assess-
ing lumbar multifidus CSA [25].

2.6. Statistical analyses

For the primary outcome measures (multifidus CSA
and asymmetry), the research aim was to determine if
a difference existed between the exercise and control
groups at the 24-week time point. Analysis of covari-
ance (ANCOVA), which controlled for baseline scores
of the outcome measures and body mass, was used
to assess group differences at 24 weeks for each out-
come measure. Intention to treat analysis was used and
statistical significance was accepted with alpha set at
0.05. Data are reported as mean ± standard deviation
(SD), unless otherwise noted. All analyses were con-

ducted using SPSS version 20 (IBM, Armonk, New
York, United States).

3. Results

3.1. Participant characteristics

Participant characteristics are shown in Table 1. A
total of 64 firefighters from 15 fire stations completed
the study’s end of trial assessments (exercise: n = 36
firefighters from 8 stations; control: n = 28 firefighters
from 7 stations).

3.2. Exercise training characteristics

The mean ± SD number of exercise training ses-
sions completed over the 24-week training period by
each participant in the exercise group was 33.3 ±
8.7, which was approximately 69% of the target of 48
exercise sessions. Reasons for missed exercise train-
ing sessions included: did not temporarily meet inclu-
sion/exclusion criteria at the time of presenting for a
particular exercise training session, elected not to par-
ticipate in a particular training session, leave (e.g. an-
nual, personal, sick), other/unknown, out of station
(e.g. emergency response, mandatory training, miscel-
laneous), no exercise trainer available to supervise an
exercise session during a scheduled on-duty day for the
participant, planned rest day prior to study assessment
visit, and transfer to a control station.
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Table 3
Adjusted* lumbar multifidus muscle cross-sectional area and asym-
metry values at 24-weeks

Exercise (n = 36) Control (n = 28)
Variable Mean ± SE Mean ± SE
Right L4 CSA (cm2) 11.2 ± 0.3 11.0 ± 0.3
Left L4 CSA (cm2) 10.6 ± 0.2 10.7 ± 0.3
Right L5 CSA (cm2) 10.2 ± 0.3 10.2 ± 0.3
Left L5 CSA (cm2) 10.3 ± 0.3 10.3 ± 0.3
L4 asymmetry (%) 9.7 ± 1.2 9.2 ± 1.4
L5 asymmetry (%) 6.3 ± 1.1 7.7 ± 1.2

CSA = cross-sectional area; SD = standard error. *Adjusted for
baseline score and body mass.

3.3. Compliance and safety

No participant reported performing any other exer-
cises for the back or core outside of those assigned for
the study. No related or possibly related serious ad-
verse events were observed. Related and possibly re-
lated discomforts were generally consistent with typ-
ical responses to resistance exercise (e.g. temporary
soreness and stiffness), minor, self-limiting, and did
not impact work status.

3.4. Primary outcomes – lumbar multifidus muscle
CSA and asymmetry

Raw unadjusted lumbar multifidus muscle CSA and
asymmetry values at baseline and 24 weeks are found
in Table 2. Based on the ANCOVA results, no sig-
nificant differences between the exercise and control
groups were observed for any of the adjusted lumbar
multifidus CSA and asymmetry values (Table 3).

4. Discussion

The current study is the first to assess the efficacy of
a worksite exercise training program for eliciting lum-
bar multifidus muscle hypertrophy in firefighters. The
primary finding from the current study was that the su-
pervised worksite exercise program was not effective
at eliciting lumbar multifidus hypertrophy. If lumbar
multifidus hypertrophy is a goal in firefighter wellness
and fitness programs aimed at healthy firefighters, then
the specific exercise program assessed in the current
study is not advised.

Various factors may explain why the exercise inter-
vention in the current study was not effective at elicit-
ing lumbar multifidus hypertrophy. First, it is possible
that the baseline multifidus CSA was high compared
with reference populations. For example, the mean val-
ues of multifidus CSA measurements of the firefight-
ers in the current study appeared to be greater than

mean values for the general population [24]. How-
ever, the mean values for firefighter multifidus CSA
fell within the 95% reference ranges for the general
population [24]. Second, the mode, volume (sets and
repetitions), or intensity (resistance) of exercise may
not have been ideal for eliciting hypertrophy. Similar
to the current study findings, Teyhen et al. [14] did
not find significant improvements in lumbar multifidus
thickness in healthy soldiers who participated in a 12-
week, low intensity, non-progressive exercise program
consisting of either traditional exercises (e.g., sit-ups,
crunches) or core stabilization exercises (e.g., abdomi-
nal drawing-in maneuver, quadruped alternate arm and
leg). On the contrary, Kim et al. [12] found signif-
icant improvements in the size of the lumbar multi-
fidus and other lumbar paraspinal muscles in healthy
adults following an 8-week machine-based progres-
sive resistance exercise program using a higher exer-
cise intensity with external loads equaling 70% of one-
repetition maximum. Thus, higher exercise intensities
higher than those administered in the current study
may be necessary to elicit multifidus hypertrophy in
healthy adults.

A limitation to the current study was that only fire-
fighters without current low back pain participated.
Thus, the findings of the present study are not gener-
alizable to firefighters with existing multifidus atrophy
and low back pain, and to non-firefighter populations.
Also, the current study involved very specific exercise
modes, volumes, and intensities of exercise. Further-
more, based on the results of this study, it is unknown
if the exercise training program results in benefits such
as increased self-reported energy levels, and improve-
ments in materials handling, work performance, and
activities of daily living.

Future research is needed to determine if the studied
exercise intervention may be effective at eliciting hy-
pertrophy in firefighters with muscle atrophy and low
back pain. Future research is also required to determine
if different types of exercise interventions are better
suited for eliciting multifidus hypertrophy in firefight-
ers. Additionally, future research is needed to assess
the relationship between lumbar multifidus size, clini-
cal outcomes, such as incidence of low back injury, and
occupational outcomes, such as job performance and
lost work days.

5. Conclusion

A 24-week supervised worksite exercise program,
which consisted of core stability and progressive re-
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sistance back extension exercise, was not effective for
eliciting hypertrophy of the lumbar multifidus muscle
in healthy firefighters. Further research is required to
assess the clinical implications of these findings and
the impact of other exercise approaches on lumbar
multifidus muscle CSA.
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