
Effect of Two Different Exercise
Regimens on Trunk Muscle
Morphometry and Endurance in
Soldiers in Training
Deydre S. Teyhen, John D. Childs, Jessica L. Dugan, Alison C. Wright,
Joshua A. Sorge, Jeremy L. Mello, Michael G. Marmolejo, Adam Y. Taylor,
Samuel S. Wu, Steven Z. George

Background. Limited evidence exists on how strength and endurance exercises
commonly used to prevent low back pain affect muscle morphometry and
endurance.

Objective. The purpose of this study was to analyze the effects of 2 exercise
regimens on the morphometry and endurance of key trunk musculature in a healthy
population.

Design. The study was designed as a randomized controlled trial.

Setting. The study was conducted in a military training setting.

Participants. A random subsample (n�340; 72% men, 28% women; mean [�SD]
age�21.9�4.2 years; mean [�SD] body mass index�24.8�2.8 kg/m2) from the
larger Prevention of Low Back Pain in the Military trial (N�4,325) was included.

Intervention. The core stabilization exercise program (CSEP) included low-load/
low-repetition motor control exercises, whereas the traditional exercise program
(TEP) included exercises conducted at a fast pace, with the use of high-load, high-
repetition trunk strengthening exercises.

Measurements. Baseline and follow-up examinations included ultrasound imag-
ing of the trunk muscles and endurance tests. Linear mixed models were fitted to
study the group and time effect and their interactions, accounting for the clustering
effect.

Results. Symmetry generally improved in the rest and contracted states, but there
were no differences suggestive of muscle hypertrophy or improved ability to contract
the trunk muscles between soldiers receiving the CSEP or the TEP. Total trunk
endurance time decreased over the 12-week period, but endurance performance
favored soldiers in the CSEP group. Endurance time was not associated with future
episodes of low back pain.

Limitations. The lack of morphological changes may not be detectable in an
already-active cohort, or a more intensive dose was needed.

Conclusions. Although improved symmetry was noted, neither the CSEP nor the
TEP resulted in muscle hypertrophy. Longer endurance times were noted in individ-
uals who completed the CSEP but were not strongly predictive of future low back
pain episodes.
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Systematic reviews have demon-
strated that exercise therapy
reduces pain and improves

function in individuals with chronic
low back pain (LBP).1,2 In addition,
researchers have demonstrated that
exercise therapy is beneficial for
secondary and tertiary LBP preven-
tion by preventing recurrence and
decreasing long-term disability.3–6

Trunk-strengthening exercises that
are based on traditional strength
training paradigms such as fre-
quency and intensity have demon-
strated improvements in strength
and disability.7–9 Similarly, exercise
regimens designed to enhance
motor control of the deep trunk
muscles (transversus abdominis
[TrA], lumbar multfidus [LM], and
pelvic-floor muscles) have demon-
strated effectiveness for individuals
with acute and chronic LBP,3,10

pregnancy-related LBP,11,12 and
spondylolysis or spondylolisthesis.5

The ability of both of these exercise
programs to help restore function
and decrease disability for those
with LBP demonstrates their effec-
tiveness for tertiary prevention.
However, evidence to date has failed
to demonstrate that one of these
approaches is superior to the other,
and controversy persists.13–16 Under-
standing how trunk strengthening
and motor control exercise regimens
affect trunk muscular morphometry
may assist in developing more effec-
tive interventions to prevent LBP.

Recent systematic reviews have sup-
ported the reliability17 and validity18

of using ultrasound imaging to assess
trunk muscle morphometry. Assess-
ment of muscular thickness, cross-
sectional area (CSA), and muscle
symmetry may have clinical utility
for identifying underlying impair-
ments associated with LBP. Smaller
CSA and decreased thickness of the
LM have been found in individuals
with LBP.19–22 Hides et al23 demon-
strated mean (�SD) asymmetry of
the LM of 31%�8% in individuals

with LBP compared with 3%�4%
among individuals without LBP. The
relative symmetry of the LM in indi-
viduals without LBP (�10%) was
later confirmed by Stokes et al24 in a
sample of 120 participants. How-
ever, in a study of 126 men who
were healthy, asymmetry ranged
from 0.1% to 44.3%, and asymmetry
�10% was commonly found in men
without a history of LBP.25 The clin-
ical studies focusing on patients with
LBP demonstrated that changes in
muscular morphometry also have
been associated with pain and dis-
ability.26 With respect to the abdom-
inal muscles, the TrA, internal
oblique (IO), and external oblique
(EO) muscles appear to be asymmet-
rical (13%–24% asymmetry) in indi-
viduals without LBP.27 However,
when the lateral abdominal muscles
are measured as a group, the symme-
try (8%–9%) was similar to that of
some of the studies that assessed the
LM muscle.27 Limited evidence
exists for documenting muscle mor-
phometry over time in a large group
of individuals without LBP. Under-
standing how muscle symmetry and
endurance changes in relationship to
different trunk exercise regimens
may assist in designing future LBP
prevention protocols.

In addition to being able to assess
muscle morphometry at rest, ultra-
sound imaging provides the oppor-
tunity to assess changes in thickness
and CSA between the resting and
contracted states. With respect to
the lateral abdominal muscles,
researchers have demonstrated a
diminished response of the TrA mus-
cle during the abdominal drawing-in
maneuver and the active straight-
leg-raise test in individuals with
LBP.21,28,29 Other researchers19,30,31

have demonstrated diminished
response of the LM muscle during a
prone arm-lifting task and during a
voluntary contraction in individuals
with LBP or induced pain. Hebert et
al32 demonstrated that a diminished
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response in thickening the LM dur-
ing the prone arm-lifting task was a
prognostic indicator predicting indi-
viduals who would succeed with
motor control exercises. Finally,
Hides and colleagues33,34 have dem-
onstrated that motor control exer-
cises can positively affect both sym-
metry and the ability to contract the
LM muscle in individuals with LBP.
Although preliminary evidence is
encouraging that ultrasound imaging
can be useful for assessing trunk
muscle morphometry in individuals
with and without LBP, scant evi-
dence exists on the relationship
between changes in muscle mor-
phometry and trunk muscle exercise
regimens intended for primary pre-
vention of LBP in individuals who are
healthy.

As part of the Prevention of Low
Back Pain in the Military (POLM)
trial,35,36 we sought, in part, to deter-
mine whether core stabilization was
more effective in preventing the inci-
dence of LBP compared with tradi-
tional trunk strengthening exercise.
In addition to this primary purpose,
the POLM trial provided a unique
opportunity to gain insight into the
underlying changes in trunk muscle
morphometry and endurance that
occurred on the basis of each form
of trunk strengthening exercise.
Knowledge of changes in trunk mor-
phology and endurance in individu-
als without LBP may provide insight
into underlying mechanisms that are
associated with preventative exer-
cise programs. Therefore, the pur-
pose of this planned secondary anal-
ysis was to assess the effects of 2
exercise regimens designed to pre-
vent LBP in individuals who are
healthy on the morphometry and
endurance trunk musculature
believed to be important in limiting
the onset of LBP. Although we did
not have specifically stated hypothe-
ses, it was our expectation that core
stabilization exercise would have
favorable effects on morphometry

and trunk endurance in comparison
to a traditional exercise program.

Method
Design Overview
Participants were US Army soldiers
who were healthy and entering a
16-week training program at Fort
Sam Houston, Texas, to become a
combat medic and who were
enrolled in the cluster randomized
POLM trial (NCT00373009),36 which
has been registered at ClinicalTrials.
gov. In the primary trial, 4,325 vol-
unteers from 20 companies were
enrolled to determine the effective-
ness of different exercise programs
with or without a psychosocial edu-
cational program on the prevention
of LBP. The 2-year follow-up results
have been published elsewhere.35

Before initiating the different exer-
cise regimens, ultrasound imaging
assessments of the abdominal and
LM muscles as well as trunk endur-
ance times were performed on a ran-
dom subset of 340 participants. A
random subset was selected because
it was not feasible to perform ultra-
sound imaging on all 4,325 partici-
pants, and a priori power estimates
indicated that 340 participants
would be adequate to detect mean-
ingful differences in trunk muscle
morphometry between the groups.36

The randomization schedule was
prepared by computer and was
determined before recruitment began.
The randomization schedule was
balanced to ensure equal allocation
to each exercise regimen after 20
companies were recruited. The ultra-
sound imaging assessments from the
first 2 companies of soldiers were
used to establish reliability (n�21);
a summary of the rater reliability
is provided later in this article and
has been presented in more detail
in an earlier publication.37 The
present analysis includes all 340
participants who were randomly
assigned to receive the ultrasound
imaging evaluation (eFigure, avail-
able at ptjournal.apta.org).

Participants
Soldiers were eligible to participate
if they were between 18 and 35
years of age (or a 17-year-old who
was an emancipated minor), fluent
in English, and were enrolled in com-
bat medic training. Soldiers were
excluded if they had a history of LBP
that resulted in limited work or phys-
ical activity �48 hours, medical care
associated with LBP, or prior surgery
in the lumbar spine region. Soldiers
also were excluded if they were
unable to participate in unit physical
training because of other musculo-
skeletal injuries, if they had a history
of fracture (stress or traumatic) in
the hip or pelvis, or were pregnant.
Soldiers who were transferred from
another training group, accelerated
into a company already randomly
assigned and recruited for the trial,
or reassigned to an occupational spe-
cialty other than a combat medic
also were excluded. All participants
provided written informed consent
before their participation.

Exercise Programs
All participants from the POLM trial
were randomly assigned by cluster
to receive either a traditional exer-
cise program (TEP) or a core stabili-
zation exercise program (CSEP) on
the basis of which training company
the soldier was assigned for combat
medic training. Half of these partici-
pants also received a brief biopsy-
chosocial education training pro-
gram; additional details of the cluster
randomization used in this study are
provided elsewhere.38,39 As part of
daily unit physical training, exercises
were performed in a group setting
under direct supervision by drill
instructors. The exercise programs
for both groups consisted of 5 to 6
exercises, each of which was per-
formed for 1 minute. Exercise pro-
grams were performed 4 days per
week for approximately 5 minutes
per day over a 12-week period. In
addition to specific exercises per-
formed for this research trial, all
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participants performed standard
physical training (eg, warm-up, aero-
bic training, strength and condition-
ing drills, and recovery) to US Army
standards by both groups, resulting
in an hour-long exercise regimen 4
days per week.

The TEP consisted of exercises that
were performed quickly through a
full range of motion and consisted
of sit-ups, sit-ups with left and right
trunk rotation, and abdominal
crunches. The exercises selected for
the TEP were based on the historic
use of these exercises during unit
physical training in this environ-
ment, with the goal to use the cur-
rent exercise approach as the com-
parison. Therefore, the TEP did not
include any exercise that focused
exclusively on trunk extensor
strength or endurance. Each exer-
cise was performed for 1 minute,
with sit-ups performed twice during
the 5-minute exercise session.
Instructions provided to the partici-
pants were to do as many repeti-
tions possible. The CSEP consisted
of exercises that were performed
slowly around a relatively stable
spine posture and consisted of
abdominal drawing-in maneuver
crunch, left and right horizontal side
supports, squats, supine shoulder
bridge, and quadruped alternate arm
and leg. Each exercise was per-
formed for 1 minute during the
5-minute session. Instructions pro-
vided to the participant were to per-
form each exercise slowly and to
standard in a slow, controlled man-
ner. The exercises were not pro-
gressed in frequency, intensity, time,
or type over the 12-week training
program. Additional details regard-
ing each exercise regimen are pro-
vided in the eTable (available at
ptjournal.apta.org) and published
elsewhere.38

The drill instructors leading the exer-
cise regimen were trained by the
research staff before initiation of the

study. Detailed training cards with
additional details provided on a web-
site were provided to the drill
instructors. Performance of the exer-
cise programs under direct supervi-
sion of drill instructors in a group
setting helped to ensure adherence
to the assigned program and dosage.
Research staff supervised physical
training for an average of 2 days per
week to answer questions and mon-
itor adherence to the assigned exer-
cise regimen.

Endurance Measurements
The following 4 endurance tests
were assessed: supine flexor endur-
ance test, prone extensor endurance
test, and right and left horizontal
side support.40 The participants per-
formed each endurance test for as
long as possible, not to exceed 4
minutes. If the participant deviated
from the test position, the examiner
provided 1 verbal cue. If the partic-
ipant could not return to the test
position, the test was terminated.
No other verbal cues were provided.
All measures were obtained before
and after the 12-week training pro-
gram. Pictures and demonstration by
the examiners were provided before
testing.

Trunk flexor endurance was
assessed with the participant posi-
tioned supine and arms at the
sides.41 Participants were instructed
not to push down with their arms
during testing. The participant’s feet
were passively positioned 15 cm
(6 in) above the table to demonstrate
the starting position. If the partici-
pant raised his or her feet above
20 cm (8 in) or lowered them below
10 cm (4 in), a verbal cue was pro-
vided to return to the test position. If
the participant went outside the
zone a second time, the test was ter-
minated. The test ended when the
participant was unable to keep the
feet within the target zone, the feet
went out of the zone twice, or 4
minutes elapsed.

Trunk extensor endurance was
assessed with the participant posi-
tioned prone and their anterior supe-
rior iliac spine positioned near the
edge of the testing table and the
upper body supported by a
stool.42–44 Three adjustable straps
secured the participant at the proxi-
mal ankle, popliteal fossa, and
greater trochanters. Timing began
when the participant released his or
her hands from the resting position
and folded the arms across the chest.
The inclinometer was immediately
placed between the inferior borders
of the scapula, and the participants
were instructed to position the
upper body so that the inclinometer
read zero. If the participant deviated
more than �10 degrees, he or she
was instructed to return to the test
position. The test was terminated on
the second deviation, if the partici-
pant rested the body or hands on a
supporting surface/stool, or 4 min-
utes had elapsed.

Trunk lateral flexor endurance was
assessed with the participant in a
side-lying position, supported on the
elbow of the dominant arm, and the
legs extended.43–45 The top foot
was placed in front of the lower foot
for support, and the opposite arm
was placed on the shoulder of the
dominant arm. Participants were
instructed on how to support them-
selves by lifting their hips off the
surface to maintain a straight line
over their full body length while sup-
porting themselves over the top of
the dominant elbow and the sides of
the feet. Timing began when the par-
ticipant moved into the testing posi-
tion. If participants deviated from
the test position because of fatigue,
they were given 1 correction. The
test was terminated if the participant
deviated a second time, could not
return to testing position after first
deviation, or 4 minutes had elapsed.
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Ultrasound Imaging
Measurements
Measurements of resting muscle
thickness of the TrA, IO, EO, rectus
abdominis (RA), and LM at L4–L5
were obtained by means of ultra-
sound imaging with previously
described protocols.37 In addition to
the resting thickness measures, the
CSA of the RA muscle was obtained.
Aggregate muscle thickness values
were calculated for the lateral
abdominal muscles (TrA, IO, and
EO) and the total abdominal muscles
(TrA, IO, EO, and RA). Measure-
ments of contracted muscle thick-
ness of the TrA, IO, and EO muscles
were obtained by means of an active
straight-leg-raise task.28,46–48 Mea-
surements of contracted muscle
thickness of the LM were obtained
during a prone arm-lift task.30,48,49

Images were acquired in B-mode
with the use of a portable ultrasound
unit (Sonosite Titan, Sonosite Inc,
Bothell, Washington) with a 5-MHz,
60-mm curvilinear array. To help
avoid an order effect, images were
obtained in a counterbalanced order.
Three images of the resting and con-
tracted states were obtained bilater-
ally. The measurements of muscle
morphology were obtained from the
right and left sides. The morphology
measurements at rest and during
the contracted state are provided for
the right side only. Muscle asymme-
try values are reported to assess
the side-to-side differences obtained
both at rest and during the con-
tracted states. Thirty-six images were
analyzed for each participant at base-
line and at follow-up; 20,160 images
were analyzed for this study.

Examiners
All assessors were blinded to group
membership. In addition, assessors
worked in pairs to minimize error
and other sources of bias. One asses-
sor was responsible for generating
the ultrasound image. The second
assessor would ensure image quality,

perform measurements of the LM
muscle thickness and RA CSA, and
add administrative information on
the image. Measurements of the lat-
eral abdominal muscles were per-
formed off-line by an assessor
blinded to group membership. Both
assessors had to agree on image
quality before storing the imaging.
Throughout the process, the asses-
sor obtaining the images was blinded
to all measurements. The pairs of rat-
ers used in this study were assigned
to participants in a counterbalanced
manner. Sample images obtained
from the techniques used in this
study are published elsewhere.37

Good to excellent reliability of the
assessors was established in a sam-
ple of 21 participants with LBP
(mean [�SD] age�21.5�4.4 years; 5
women and 16 men). Ultrasound
measures of the TrA, IO, RA, and LM
were obtained as outlined in this
report. The intraclass correlation
coefficients (ICC [1,3]) for the point
estimates ranged from .86 to .94; the
standard error of the measure-
ment ranged from 0.04 to 0.16 cm
for the thickness values and 0.67
cm2 for the cross-sectional area of
the RA muscle. These data are
reported in more detail in a previous
publication.37

Outcome Measures and
Follow-up
Study-related measurements were
collected before and after training 12
weeks later by study personnel who
were unaware of the randomization
assignments. It was not possible to
blind soldiers to their group assign-
ment because they actively partici-
pated in their randomly assigned
training program. However, no infor-
mation was provided to the soldiers
about which program was hypothe-
sized to be more beneficial.

Data Analysis
Descriptive statistics, including mea-
sures of central tendency and disper-

sion for continuous variables, were
calculated to summarize the data.
Demographic and baseline levels of
variables were compared between
those who completed the 12-week
training program and those who
were withdrawn because of physical
or academic requirements, through
the use of a t test or chi-square test.
The study was originally planned to
randomly sample 100 soldiers from
each of the exercise regimens, result-
ing in 200 participants, to ensure
90% power to detect a difference at
the .07 level. The sample size was
increased to 340 participants on the
basis of historic dropout rates to
ensure that we had 200 participants
at baseline and follow-up.

The dependent measures of the TrA,
IO, EO, and LM muscles consisted of
muscle thickness values at rest and
values while muscles were con-
tracted. Percent change in muscle
thickness was calculated by ([MUS-
CLEactive�MUSCLErest]/MUSCLErest)
� 100%. Symmetry was calculated
by ([MUSCLElarge�MUSCLEsmall]/
MUSCLElarge) � 100%. The depen-
dent measures for the RA muscle
consisted of thickness and CSA val-
ues at rest. Lateral abdominal thick-
ness was the sum of the TrA, IO, and
EO muscles. Total abdominal muscle
thickness was the sum of the lateral
abdominal and RA muscle thickness
values. The dependent measures for
the endurance tests were measured
in seconds. The sum of all 4 endur-
ance times for all 4 tests was
calculated.

For each outcome measure, we fitted
a linear mixed model that included
the main effects of group (TEP ver-
sus CSEP) and time (baseline versus
12 weeks), their interactions, and a
random clustering effect. Such mod-
els allowed us to use the baseline
data of participants with loss to
follow-up. In addition, a paired t test
was used to assess within-group
changes (time effect comparing
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baseline and 12 weeks). The � level
was set to .05 a priori. All statistical
analyses were performed with the
use of SAS software, version 9.1 (SAS
Institute Inc, Cary, North Carolina).

Role of Funding Source
This study was funded by the
Congressionally Directed Peer-
Reviewed Medical Research Program
(W81XWH-061-0564). The funding
agency did not have a role in the
design, conduct, or reporting of the
study or in the decision to submit the
article for publication.

Results
Three hundred forty participants
(mean [�SD] age�21.8�3.9 years;
96 women and 244 men) were
enrolled in this aspect of the POLM

trial. The sample consisted of 229
(67.3%) whites, 48 (14.1%) black or
African Americans, 34 (10.0%) His-
panics, and 29 (8.5%) other (eg,
American Indian, Asian, Pacific
Islanders). Of the 340 participants,
280 were available for follow-up
analysis 12 weeks later. Sixty partic-
ipants were removed from the mili-
tary training program because they
did not meet the academic or physi-
cal requirements. There were no dif-
ferences in baseline data from those
who completed the trial and those
who were lost to follow-up, except
those who were lost to follow-up
were 1.4 years younger on average
(P�.02). Demographic and baseline
characteristics of the participants are
provided in Table 1. In addition,
there were no differences between

the group sampled for this analysis
and the sample of the larger POLM
trial35 in regard to age, sex, height,
weight, education level, time in the
army, and baseline fitness values.
The only statistical difference was
that the current sample included
69% whites compared with 74% in
the larger POLM trial (P�.034).

Resting Muscle Thickness and
CSA
In general, there were no significant
group � time interactions for mor-
phometry of the abdominal and LM
muscles at rest (Tab. 2). There was a
trend for decreased thickness of the
EO, IO, and aggregate abdominal
muscle thickness in both groups
after the 12-week training program.
However, only the decreased thick-

Table 1.
Demographics and Baseline Characteristicsa

Variable
All

(N�340)
Follow-up
(n�280)

Missing Follow-up
(n�60) P

Age, y 21.9�4.2 22.2�4.3 20.8�3.6 .02

Height, m 1.7�0.1 1.7�0.1 1.7�0.1 .14

Weight, kg 74.9�11.6 75.1�11.7 74.0�11.4 .52

BMI,a kg/m2 24.8�2.8 24.8�2.9 25.0�2.6 .53

Sex

Male 244 (71.8%) 204 (72.9%) 40 (66.7%) .33

Female 96 (28.2%) 76 (27.1%) 20 (33.3%)

No. of days exercised per week

�1 d/wk 59 (17.5%) 50 (18.0%) 9 (15.0%)
.56

2–3 d/wk 190 (56.2%) 158 (56.8%) 32 (53.3%)

�4 d/wk 89 (26.3%) 70 (25.2%) 19 (31.7%)

Smoking before entering Army

No 218 (64.3%) 180 (64.5%) 38 (63.3%) .86

Yes 121 (35.7%) 99 (35.5%) 22 (36.7%)

Ultrasound imaging
measurements at rest

Transversus abdominis muscle, cm 0.38�0.10 0.38�0.10 0.37�0.10 .52

Internal oblique muscle, cm 0.96�0.24 0.96�0.25 0.94�0.22 .54

External oblique muscle, cm 0.76�0.19 0.77�0.20 0.75�0.17 .56

Rectus abdominis muscle, cm 1.34�0.25 1.34�0.25 1.33�0.22 .70

Rectus abdominis muscle, cm2 7.42�1.84 7.44�1.88 7.33�1.67 .67

Lumbar multifidus muscle, cm 2.99�0.47 3.00�0.47 2.95�0.49 .44

a Values represent mean�standard deviation or n (%). BMI�body mass index.
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Table 2.
Resting Muscle Thickness and Area Valuesa

Variable All TEP CSEP Pb

TrA rest, cm

Pretraining 0.38�0.097 0.38�0.10 0.38�0.095

Posttraining 0.38�0.10 0.39�0.11 0.37�0.099

Difference 0.001�0.10 0.0075�0.10 �0.004�0.096 .72

Within-group P value .44 .61

IO rest, cm

Pretraining 0.96�0.25 0.98�0.28 0.94�0.22

Posttraining 0.95�0.27 0.97�0.30 0.94�0.25

Difference �0.009�0.19 �0.017�0.21 �0.003�0.18 .66

Within-group P value .37 .84

EO rest, cm

Pretraining 0.77�0.20 0.78�0.22 0.76�0.18

Posttraining 0.73�0.19 0.73�0.18 0.73�0.19

Difference �0.038�0.20 �0.048�0.20 �0.030�0.19 .58

Within-group P value .01 .05

RA thickness rest, cm

Pretraining 1.34�0.25 1.34�0.28 1.34�0.24

Posttraining 1.35�0.25 1.36�0.27 1.34�0.23

Difference 0.0082�0.16 0.017�0.16 0.0017�0.16 .75

Within-group P value .26 .89

RA area rest, cm2

Pretraining 7.44�1.88 7.47�2.00 7.42�1.79

Posttraining 7.51�1.85 7.59�1.96 7.45�1.77

Difference 0.067�1.29 0.12�1.32 0.029�1.27 .62

Within-group P value .33 .77

Total abdominal muscles, cm

Pretraining 3.44�0.63 3.49�0.70 3.41�0.57

Posttraining 3.41�0.63 3.45�0.68 3.38�0.59

Difference �0.036�0.42 �0.040�0.45 �0.033�0.41 .86

Within-group P value .33 .30

Lateral abdominal muscles, cm

Pretraining 2.10�0.45 2.14�0.50 2.08�0.40

Posttraining 2.06�0.46 2.08�0.47 2.04�0.44

Difference �0.045�0.37 �0.057�0.39 �0.037�0.36 .69

Within-group P value .12 .20

Lumbar multifidus thickness, cm

Pretraining 3.00�0.47 3.01�0.50 2.99�0.44

Posttraining 3.01�0.46 3.04�0.50 2.99�0.44

Difference 0.014�0.37 0.031�0.39 0.001�0.35 .81

Within-group P value .38 .97

a Values represent mean�standard deviation. TEP�traditional exercise program, CSEP�core stabilization exercise program, TrA�transversus abdominis
muscle, IO�internal oblique muscle, EO�external oblique muscle, RA�rectus abdominis muscle.
b P value for the effect of interaction between exercise group and time (pretraining/posttraining) from the linear mixed models.
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ness in the EO muscle was statisti-
cally significant (P�.05), but the
absolute difference was �0.5 mm,
which was within measurement
error.

There were significant group � time
interactions for symmetry of the EO
muscle at rest (Tab. 3). Specifically,
individuals in the TEP program dem-
onstrated greater improvements in
EO symmetry (6.9% versus 2.4%,
P�.02) after training. There was not
a significant group � time interac-
tion for symmetry of the TrA muscle,
the IO muscle, the lateral abdominal
muscles, and aggregate abdominal
muscle thickness; however, there
was a main effect for time regardless
of group membership (P�.001).
Before training, the asymmetry of
the lateral abdominal muscles and
aggregate abdominal muscle thick-
ness values ranged from 6.3% to
16.8%; after training, the asymmetry
of the lateral abdominal muscles and
aggregate abdominal muscle thick-
ness values ranged from 4.2% to
11.3%. There was no effect for time
on symmetry of the RA and LM mus-
cles (P�.2).

Contracted Muscle Thickness
Values
There were no significant group �
time interactions for the contracted
thickness of any of the muscles
(Tab. 4). There was a significant
main effect for time (P�.001), dem-
onstrating a decrease in contracted
muscle thickness of the TrA, IO, and
total lateral abdominal muscles after
the 12-week training program. The
mean differences ranged from 0.5 to
1.4 mm in thickness. There was not
a main effect for time for the EO or
LM muscles (P�.17).

There were significant group � time
interactions for symmetry of the
aggregate lateral abdominal muscles
during the contracted state (Tab. 5).
Specifically, although both groups
had greater symmetry of the aggre-

gate lateral abdominal muscles dur-
ing the contracted state at the end
of the 12-week training program
(P�.001), individuals in the TEP pro-
gram demonstrated greater improve-
ments in symmetry (7.7% versus
3.7%, P�.01). There was not a sig-
nificant group � time interaction for
symmetry of the TrA, IO, and EO
muscles during the contracted state;
however, there was a main effect
for time (P�.001), demonstrating
improvements of 10.6%, 7.3%, and
8.7% in the TEP group versus 5.7%,
2.9%, and 6.7% in CSEP group at the
end of the 12-week training pro-
gram, respectively. There was no
effect for time on symmetry of the
lumbar multifidus muscles (P�.2).

Endurance Measurements
There were no significant group �
time interactions for the 4 endur-
ance measurements (Tab. 6). How-
ever, there was a significant decrease
in endurance hold times for the
trunk extensor (mean difference of
13.5 seconds) and the total endur-
ance time (mean difference of 25.3
seconds), and the decreases in times
were significant for both groups
(P�.002). In addition, baseline score
of horizontal side support was found
to be a significant predictor of LBP,
with odds ratios (OR) of 1.008
(P�.04), but the area under curve
(AUC) of the receiver operating char-
acteristic curve had a very low value
of 0.56. The OR (AUC) correspond-
ing to baseline scores of trunk exten-
sor endurance, trunk flexor endur-
ance, and the total endurance time
were 1.001 (0.52), 1.006 (0.56), and
1.002 (0.56), respectively. The max-
imal hold time used at baseline and
follow-up was 4 minutes. This time
limit did not create a significant ceil-
ing effect because only 8 of the
1,360 (0.6%) baseline endurance
tests and only 8 of the 1,120 (0.7%)
follow-up endurance tests had to be
terminated on the basis of a partici-
pant reaching the maximum time of
4 minutes.

Discussion
The primary results from the POLM
cluster-randomized trial demon-
strated that a brief psychosocial edu-
cation program in combination with
either of the exercise programs
resulted in lower 2-year incidence of
health care–seeking for LBP.35 The
results of this study are consistent
with the primary results of the POLM
trial in that there was not an advan-
tage for either exercise group. The
similar rates of LBP from both exer-
cise regimens may be related to a
lack of hypertrophy, no change in
the ability to contract the trunk mus-
cles, or the overall decrease in endur-
ance times over the 12-week period.
Although the constrained training
environment limited the amount of
time dedicated to these types of
exercises, the inability to find differ-
ences over time may indicate that
the doses of both exercise regimens
were suboptimal. Specifically, 5 min-
utes of trunk-related exercises 4 days
per week with no increase in inten-
sity was not sufficient to demon-
strate changes over time. Although
exercise may be effective in prevent-
ing LBP, recent guidelines have indi-
cated no benefit of one specific exer-
cise approach for prevention of
LBP.50 Future research should deter-
mine whether specific exercise reg-
imens with greater frequency, inten-
sity, duration, and specificity result
in muscle hypertrophy, improved
endurance, or are more effective in
preventing LBP.

Improved symmetry was noted, but,
as expected, these results differed
from those of clinical trials that
assessed the influence of exercises
on muscle morphometry in patients
with LBP. Danneels et al51 found
hypertrophy of the LM when motor
control exercises are performed
similar to the CSEP used in this
study. Additionally, Hides and col-
leagues34,52,53 found LM hypertro-
phy, improved symmetry, and
enhanced ability to thicken the TrA
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Table 3.
Symmetry of Muscle Morphometry at Resta

Variable All TEP CSEP Pb

TrA symmetry, %

Pretraining 16.09�14.16 16.82�14.11 15.54�14.22

Posttraining 11.12�12.87 10.89�14.83 11.29�11.21

Difference �4.97�19.76 �5.93�21.55 �4.25�18.33 .74

Within-group P value .003 .004

IO symmetry, %

Pretraining 12.63�10.34 13.88�11.47 11.69�9.32

Posttraining 9.61�8.46 8.94�8.03 10.12�8.76

Difference �3.02�12.97 �4.94�13.64 �1.57�12.29 .22

Within-group P value �.001 .11

EO symmetry, %

Pretraining 14.80�13.17 16.04�14.50 13.86�12.04

Posttraining 10.46�10.08 9.10�9.05 11.49�10.71

Difference �4.34�16.78 �6.94�17.47 �2.37�16.02 .01

Within-group P value �.001 .06

RA symmetry, %

Pretraining 6.69�7.00 7.43�7.06 6.14�6.93

Posttraining 6.65�6.02 6.51�5.84 6.75�6.16

Difference �0.04�8.25 �0.92�7.88 0.61�8.49 .21

Within-group P value .21 .36

Total abdominal muscles, %

Pretraining 6.75�5.37 7.42�6.15 6.24�4.66

Posttraining 4.42�3.98 4.68�3.93 4.22�4.02

Difference �2.33�6.62 �2.73�6.97 �2.02�6.36 .53

Within-group P value �.001 �.001

Lateral abdominal muscles, %

Pretraining 9.55�7.54 10.67�8.57 8.70�6.56

Posttraining 5.04�5.29 5.31�5.17 4.83�5.38

Difference �4.51�9.10 �5.36�9.74 �3.87�8.56 .34

Within-group P value �.001 �.001

Lumbar multfidus muscle symmetry, %

Pretraining 6.08�5.93 6.60�6.50 5.69�5.45

Posttraining 5.92�5.80 6.01�6.36 5.86�5.35

Difference �0.16�7.18 �0.59�7.92 0.17�6.57 .45

Within-group P value .42 .75

a Values represent mean�standard deviation. TEP�traditional exercise program, CSEP�core stabilization exercise program, TrA�transversus abdominis
muscle, IO�internal oblique muscle, EO�external oblique muscle, RA�rectus abdominis muscle.
b P value for the effect of interaction between exercise group and time (pretraining/posttraining) from the linear mixed models.
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muscle during the abdominal
drawing-in maneuver in those who
performed exercises similar to the
CSEP. The main difference between
these studies and the current study is
that the participants currently did
not have LBP or a history of LBP.
Therefore, the benefits from these
exercise programs and changes in
muscle morphometry related to
these exercises may be limited to
secondary and tertiary prevention
programs (ie, for patients who
already have LBP). Another differ-
ence is that the current study used

group exercise instruction in which
all participants completed the same
group of exercises. This approach
differs from the tailored individual-
ized approaches that have demon-
strated efficacy for treatment of
patients with chronic LBP1 but have
not been tested in primary preven-
tion settings. Although practical
limitations would limit the ability of
individualized LBP prevention pro-
grams for all individuals in a military
setting or other settings with large
numbers of participants, future
research should try to identify those

at highest risk for LBP and assess the
impact of individualized prevention
programs that can enhance specific-
ity of training for modifiable risk
factors.54

Regardless of group, endurance
times decreased over the 12-week
training program. This finding was
unexpected and differed from the
overall improvements in physical fit-
ness test scores in this sample.38

However, the results are similar to
the decrease in fitness scores in
those who were in the top quartile of

Table 4.
Thickness of Muscles During Contractiona

Variable All TEP CSEP Pb

TrA contracted thickness, cm

Pretraining 0.41�0.12 0.42�0.12 0.41�0.11

Posttraining 0.37�0.10 0.37�0.11 0.37�0.097

Difference �0.044�0.11 �0.042�0.12 �0.045�0.10 .85

Within-group P value �.001 �.001

IO contracted thickness, cm

Pretraining 1.06�0.32 1.07�0.37 1.05�0.28

Posttraining 0.95�0.25 0.97�0.29 0.93�0.22

Difference �0.11�0.21 �0.11�0.23 �0.12�0.19 .91

Within-group P value �.001 �.001

EO contracted thickness, cm

Pretraining 0.71�0.20 0.72�0.22 0.71�0.18

Posttraining 0.74�0.19 0.75�0.20 0.73�0.17

Difference 0.021�0.19 0.024�0.19 0.020�0.18 .83

Within-group P value .19 .17

Lateral abdominal muscle contracted
thickness, cm

Pretraining 2.19�0.50 2.21�0.58 2.17�0.44

Posttraining 2.05�0.44 2.09�0.49 2.02�0.40

Difference �0.13�0.37 �0.12�0.41 �0.14�0.34 .91

Within-group P value .001 �.001

Lumbar multifidus muscle contracted
thickness, cm

Pretraining 3.68�0.52 3.66�0.55 3.69�0.50

Posttraining 3.69�0.52 3.69�0.58 3.68�0.48

Difference 0.0091�0.33 0.024�0.39 �0.002�0.28 .94

Within-group P value .51 .93

a Values represent mean�standard deviation. TEP�traditional exercise program, CSEP�core stabilization exercise program, TrA�transversus abdominis
muscle, IO�internal oblique muscle, EO�external oblique.
b P value for the effect of interaction between exercise group and time (pretraining/posttraining) from the linear mixed models.
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fitness at baseline.38 The decrease in
performance on the endurance tests
could be related to changes in bio-
psychosocial factors,55,56 which are
known to vary during military train-
ing, or could be a regression to the
mean. For example, in the POLM
cohort, there was a general increase
in anxiety and depressive symp-
toms during the 12-week training
period,55 which could account for
the decreased endurance times. The
decrease in performance on the
endurance tests also could be related
to overtraining that may occur in an

intense and prolonged military train-
ing environment.55,57 The difference
in performance on the physical fit-
ness test38 and the endurance mea-
sures are consistent with previous
findings that suggest that intense and
prolonged military training has dif-
ferent effects on strength and
endurance.58

A pragmatic approach was used to
determine the dosage of the exercise
programs in this study. Current time
constraints have historically limited
trunk exercises to approximately 5

minutes per day during unit physical
training. For example, the left and
right horizontal side support used in
the CSEP group was held for only
1 minute on each side. However,
the endurance test at baseline and
follow-up for both groups asked the
participants to hold those postures
for up to 4 minutes. Increased time
to focus on longer hold times during
the training period may have
resulted in greater hold times at
follow-up on the basis of specificity
of training. Although our dosing
parameters were consistent with

Table 5.
Symmetry of Contracted Muscle Thicknessa

Variable All TEP CSEP Pb

TrA contracted symmetry, %

Pretraining 19.82�17.56 21.98�17.87 18.19�17.20

Posttraining 12.01�13.43 11.39�13.93 12.48�13.06

Difference �7.80�20.92 �10.59�19.58 �5.70�21.71 .10

Within-group P value �.001 .001

IO contracted symmetry, %

Pretraining 15.35�13.62 16.91�14.82 14.18�12.56

Posttraining 10.52�9.98 9.57�8.66 11.24�10.85

Difference �4.83�16.64 �7.33�17.25 �2.94�15.96 .17

Within-group P value �.001 .02

EO contracted symmetry, %

Pretraining 17.75�15.85 18.39�16.76 17.26�15.17

Posttraining 10.20�10.23 9.68�10.62 10.59�9.94

Difference �7.55�18.49 �8.71�19.79 �6.67�17.46 .16

Within-group P value �.001 �.001

Lateral abdominal muscle contracted
symmetry, %

Pretraining 11.18�9.17 12.93�10.42 9.86�7.89

Posttraining 5.77�5.74 5.25�4.85 6.16�6.32

Difference �5.41�10.73 �7.67�11.21 �3.70�10.05 .01

Within-group P value �.001 �.001

Lumbar multifidus muscle contracted
symmetry, %

Pretraining 5.17�4.43 5.56�4.33 4.87�4.49

Posttraining 5.41�4.47 5.48�4.92 5.36�4.12

Difference 0.24�5.24 �0.08�5.56 0.48�5.00 .46

Within-group P value .87 .22

a Values represent mean�standard deviation. TEP�traditional exercise program, CSEP�core stabilization exercise program, TrA�transversus abdominis
muscle, IO�internal oblique muscle, EO�external oblique.
b P value for the effect of interaction between exercise group and time (pretraining/posttraining) from the linear mixed models.
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expert recommendations,59 greater
or increasing intensity and time may
be necessary for changes in mor-
phometry in adults without a history
of LBP. This is consistent with other
researchers who have suggested that
more intensive lumbar resistance
training may be necessary to demon-
strate changes in morphometry.60,61

The differences in dosage may help
to explain the contradictory evi-
dence in the literature regarding
the benefits of exercise for LBP
prevention.50,62

The primary limitation of the current
study is that these results may have
limited direct application to civilian
populations because of the trial
implementation in a military setting.
An alternate explanation of the lack
of changes in muscle morphometry

may be that the participants lacked a
history of LBP and the function of
the deep trunk muscles that are asso-
ciated more with slow oxidative
versus fast glycolytic muscles. There-
fore, there may be a ceiling effect
in which additional hypertrophy or
enhanced ability to thicken these
muscles during the low-level tasks
performed are not likely to benefit
from either exercise regimen.
Although the TEP used in this study
was similar to standard army training,
we did not have a pure control group;
therefore, we cannot comment on the
absolute effects of either exercise reg-
imen. Finally, future researchers
should assess changes in muscle
recruitment patterns associated with
the exercise regimens.63

Conclusion
Although improved symmetry was
noted, a 5-minute exercise regimen
conducted 4 days per week for 12
weeks was not sufficient to generate
hypertrophy of the trunk muscula-
ture. Few changes were noted for
exercises that were conducted
slowly with the use of a low-load,
load-repetition paradigm and exer-
cises conducted at a fast pace with the
use of a high-load, high-repetition par-
adigm. It is unlikely that the results
were adversely influenced by subopti-
mal adherence, given the regimented
and consistent manner in which mili-
tary training was conducted and mon-
itored through the study. The lack of
hypertrophy was associated with
decreased trunk endurance. The
decreased endurance time at the end
of the 12-week training program could

Table 6.
Endurance Timesa

Variable All TEP CSEP Pb

Trunk extensor muscle endurance, s

Pretraining 118�42.23 119�46.50 118�38.87

Posttraining 105�39.93 102�37.77 107�41.49

Difference �13.46�37.48 �16.97�37.13 �10.84�37.64 .57

Within-group P value �.001 �.001

Trunk flexor muscle endurance, s

Pretraining 81.51�40.41 78.87�39.49 83.49�41.10

Posttraining 76.50�41.54 74.37�42.28 78.10�41.03

Difference �5.01�33.80 �4.51�33.04 �5.39�34.46 .89

Within-group P value .14 .05

Horizontal side support (right), s

Pretraining 80.68�35.96 76.35�37.08 83.92�34.87

Posttraining 78.30�36.61 72.05�36.31 82.97�36.24

Difference �2.38�30.35 �4.29�29.33 �0.94�31.10 .40

Within-group P value .11 .70

Total endurance time (including right and left
horizontal side support), s

Pretraining 361�115 351�119 369�113

Posttraining 336�126 319�121 349�128

Difference �25.30�82.84 �32.01�82.93 �20.29�82.67 .47

Within-group P value �.001 .002

a Values represent mean�standard deviation. TEP�traditional exercise program, CSEP�core stabilization exercise program.
b P value for the effect of interaction between exercise group and time (pre/post training) from the linear mixed models.
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be indicative of overall fatigue associ-
ated with the military program in
which the participants were enrolled.
Despite the overall decrease in endur-
ance in both groups, longer endur-
ance hold times were noted at the
12-week assessment in individuals
who completed the CSEP. Endurance
times were not predictive of future
LBP in this cohort.
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