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ABSTRACT

Objective: To investigate the immediate changes in resting and contracted thickness of the transversus abdominis
(TrA) muscle after application of thrust joint manipulation (TJM) vs sham manipulation in participants with low back
pain.
Methods: A pretestÀposttest randomized controlled trial design was performed. Consecutive subjects satisfying
eligibility criteria completed patient-report outcome baseline measures, pretreatment rehabilitative ultrasound imaging
(RUSI) measurements, followed by the randomly assigned intervention then, post-treatment RUSI measurements, and
post-treatment & final patient-reported outcome measures. To compare the outcomes of TJM and sham manipulation
on the TrA muscle thickness, a 2-by-2 analysis of variance (treatment [TJM and sham manipulation]) by time
(pretreatment and post-treatment) was completed for both the TrA muscle thickness at rest and muscle thickness
during contraction. Descriptive statistics including independent-sample t tests for continuous variables and x2 tests for
categorical variables were used to analyze differences in patient-reported outcome measures between groups.
Results: Sixty-seven eligible participants agreed to participate. No significant interactions were identified for either
muscle thickness at rest or contraction.
Conclusion: This study did not support the hypothesis that manipulation would result in greater changes in TrA
thickness at rest or during contraction in participants with low back pain. Based on prior research that identified
subgroups of participants likely to respond to manipulation, future research should include participants more likely to
respond favorably to TJM. This study was a priori registered with clinicaltrails.gov (NCT02558855). (J Manipulative
Physiol Ther 2020;00;1-17)
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INTRODUCTION

The transversus abdominis (TrA) is a key contributor to
spinal control.1-5 The role of the TrA in asymptomatic
patients helps to stabilize and control the lumbar spine
before any limb movement, whether it is an anticipated

movement or an unexpected perturbation.1,6-9 Patients with
low back pain (LBP) can exhibit a delayed response of the
TrA before limb movement.2,6,10,11 Physical therapists can
educate patients how to isolate the TrA contraction by
using the abdominal drawing-in maneuver (ADIM).12,13

The ADIM is a method that can potentially facilitate a
decrease in symptoms and disability associated with LBP
by improving lumbar spine control.5,12,14

Studies15-17,18 have shown changes in muscular thickness
of the TrA measured with rehabilitative ultrasound imaging
(RUSI) in patients with LBP after a thrust joint manipulation
(TJM) applied to the lumbar spine. Thrust joint manipulation
is warranted for a subgroup of patients with LBP and has
been shown to be beneficial in reducing pain, restoring joint
motion, and ultimately improving function.15,19 Although
studies15,20-24 exist that support the implementation of TJM
as an intervention to treat a subgroup of patients with LBP, it
is not clear how the therapeutic effects of TJM on LBP is
associated with a reduction in pain and changes in TrA mus-
cle thickness at rest and during contraction.
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There has been very little research into the physiological
mechanism associated with the improvements of TrA thick-
ness at rest and in the contracted state. Three case reports15-17

and a prospective case series18 have included individuals
with LBP likely to respond to manipulation and examined
the impact of manipulation20,21 on muscle thickness changes
at rest and during contraction. They reported the immediate
effect of TJM may facilitate a reduction in pain, re-establish
motion, and reprogram the neural control and active subsys-
tems, suggesting a decrease in muscle thickness at rest and a
greater increase in muscle thickness with contraction. How-
ever, no cause-and-effect inferences can be made, as no
control group was included in any of the aforementioned
studies.
A clinical trial1 examining the effect of TJM thickness

of TrA in asymptomatic participants demonstrated no
changes in the muscle thickness of TrA at rest or in the con-
tracted state both before and after TJM. We hypothesized
that perhaps LBP needed to be present for TJM to produce
an inhibitory influence, if in fact the inhibitory influence is
what TJM provides in patients with LBP. Therefore, the
primary aim of this randomized controlled trial (RCT) was
to examine the immediate changes in resting and contracted
thickness of the TrA muscle after application of TJM vs
sham manipulation in patients with LBP. The secondary
aim of this study examined the differences in patient-
reported outcome measures after application of TJM vs
sham manipulation in patients with LBP. The hypothesis
was that patients with LBP who received the TJM would
demonstrate significantly thinner at rest and thicker at con-
traction of the TrA compared with the patients with LBP
who receive sham manipulation. Further, patients with
LBP who received TJM would demonstrate superior results
in their outcome measures compared with patients with
LBP who receive sham manipulation.

METHODS

Participants
Data from this RCT study were obtained from a sample of

convenience of 67 participants with LBP recruited by flyers
at the University of Nevada Las Vegas (UNLV) and from
DeRosa Physical Therapy practice that satisfied the eligibil-
ity criteria. The patients were required to go to UNLV or
DeRosa Physical Therapy practice for 1 treatment session
and were expected to return their physical therapist or prior
regimen. This RCT followed Consolidated Standards of
Reporting Trials guidelines. This study was approved by
Nova Southeastern University IRB #01151512Exp and Uni-
versity of Las Vegas IRB #00002823.
Inclusion criteria for this study were (1) adults between

18 and 70 years of age with the primary symptom of LBP,
(2) with or without referral into the lower extremity, (3)
able to read and write in English, and (4) with a Modified

Oswestry Disability Index (ODI) score equal to or greater
than 20%. Patients had to be at least 18 years of age to
legally consent to participate in this study. The cutoff of
70 years of age was selected to afford a wide variety of par-
ticipants with LBP for this study. An ODI score equal to or
greater than 20% indicated a minimal level of disability
present in patients at the beginning of treatment.
The exclusion criteria consisted of the presence of 1 or

more of the following: (1) pregnant or if the participant
thought they could be pregnant; (2) presence of any serious
pathology (such as neoplasm); (3) a diagnosis of spinal ste-
nosis (as identified in the patients’ medical intake form) or
bilateral lower-extremity symptoms; (4) evidence of central
nervous system involvement, 2 or more positive neurologic
signs consistent with nerve root compression (changes in
sensation, myotomal weakness, positive straight leg raise at
<458, or decreased deep tendon reflexes); (5) pending legal
action regarding the patients’ back pain; and (6) any history
of abdominal or spinal surgery, scoliosis, rheumatoid
arthritis, osteoporosis or spinal fracture, osteopenia, anky-
losing spondylitis, tumor or infection in the spine, or prior
surgery to the lumbar spine or buttock.
The exclusion criteria were selected to exclude

patients for whom TJM would be contraindicated or not
recommended as an intervention for treatment of LBP.
Those with contraindications including signs of nerve
root compression; diagnoses of spondylolisthesis, osteo-
porosis, or any other bony abnormality; or weakness
were excluded.25 All participants agreeing to participate
in the study provided an informed consent form before
participation. The study was registered (ClinicalTrials.
gov: NCT0255855).
Participants who consented to participate were required

to attend 1 session at UNLV or DeRosa Physical Therapy
practice lasting 1 to 3 hours. Final patient-reported meas-
ures were given over the phone 48 hours after therapeutic
intervention by one of the researchers.

Study Protocol
Once informed consent was provided and if the partici-

pant met the inclusion and exclusion criteria, the one-time
visit consisted of patient-reported measures collected at
baseline before the intervention, physical evaluation, TJM
or sham manipulation intervention (based on random
assignment), RUSI measurements of the TrA (prerest, pre-
contraction, postrest, and postcontraction), and patient-
reported measures postintervention. The participant was
then called for the final patient-reported measures over the
phone 48 hours after the treatment session. The study
design is outlined in Figure 1. Two licensed physical thera-
pists with over 15 years of orthopedic physical therapy
experience at each data collection site performed the physi-
cal evaluation and determined whether the individual satis-
fied eligibility criteria to participate in the study.
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Patient-reported measures consisted of a medical screen-
ing questionnaire, demographic information and treatment
expectations, the numeric pain rating scale (NPRS), the
modified ODI, the Fear-Avoidance Beliefs Questionnaire
(FABQ), and global rating of change (GROC) scales as
patient-reported measures. The medical screening question-
naire includes questions that are intended to explore medical
problems that may pose a contraindication to treatment (ie,
red flags). This instrument was used to determine whether
any red flags existed that might exclude the patient’s partici-
pation in the study. Demographic information that was col-
lected included age, sex, employment status, past medical
history, expectation of treatment, mechanism of injury, loca-
tion and nature of participant’s symptoms, number of days
since onset, number of previous episodes of LBP, and treat-
ment for previous episodes before being admitted to this
study. Participants were asked about their treatment expecta-
tions regarding various interventions such as exercise,
modalities, and manipulation at baseline. It is suggested by
Bialosky et al26 that clinicians consider patient expectations
as a prognostic factor in the outcomes of musculoskeletal
pain, which may facilitate the direction of specific interven-
tions to treat pain and possibly help to maximize clinical
outcomes. Additionally, a clinical prediction rule (CPR) to
identify patients with neck pain likely to benefit from TJM
to the cervical spine found 4 factors, 1 of which is a posi-
tive expectation that TJM will help.27

The modified ODI is composed of 10 questions, which
are scored from 0 (no disability) to 5 (greater disabil-
ity).28,29 The total score is doubled, expressed as a percent-
age, and further broken into 5 levels of 0% to 20%, 21% to
40%, 41% to 60%, 61% to 80%, and 81% to 100%, with
0% being no disability to 100% representing complete dis-
ability.28 Fritz et al29 compare the ODI with the Quebec
Back Pain Disability Scale (QUE) in a study of patients
with LBP and found that the ODI had adequate reliability

(ODI intraclass correlation coefficient [ICC] = 0.90 and
QUE ICC = 0.55) and responsiveness (ODI area under the
curve [AUC] = 0.94 and QUE AUC = 0.87), and the mini-
mum clinically important difference was 6 points for the
ODI and 15 points for the QUE. Thus the ODI has been
reported to be reliable, valid, and responsive in patients
with LBP.28-30 The FABQ developed by Waddell31 is bro-
ken into 2 parts with the first 4 statements that pertain to
how physical activity may affect the patient’s LBP and the
second part consisting of 7 statements that relate to how
normal work may affect LBP.32 The scores are based on a
scale that ranges from 0 (completely disagree) to 6
(completely agree) for each statement with potential scores
of 0 to 24 on the Fear Avoidance Beliefs Questionnaire-
Physical Activity scale (FABQ-PA) and scores of 0 to 43
on the Fear Avoidance Beliefs Questionnaire work scale,
with the higher score illustrating an increase in fear-avoid-
ance beliefs.32 The NPRS is a way for patients to rate their
pain according to a number on an 11-point scale, ranging
from 0 (“no pain”) to 10 (“worst imaginable pain”).33

Childs et al34 conducted a study in patients with LBP that
demonstrated that the NPRS is more than satisfactory,
exceeding 0.70 for the AUC for 1-week and 4-week fol-
low-up (0.72 and 0.92), and the minimum clinically impor-
tant difference for the 1-week and 4-week follow-up was
2.2 and 1.5 points.34 The clinically meaningful result of
this study was that there was a 2-point change of the level
of pain on the NPRS that surpassed the limits of measure-
ment error, which is sufficient for both practice and
research purposes.34 Further, the NPRS has sufficient
responsiveness in patients with LBP, as indicated by an
effect size of 1.3.35 The GROC is an outcome measure that
consists of a 15-point rating scale that is used in clinical
research to assess retrospectively if a patient has achieved
an improvement or deterioration over time after an inter-
vention has been implemented.36 The scale allows the

Fig 1. Flow chart of study design. RUSI, rehabilitative ultrasound imaging; TJM, thrust joint manipulation.
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patient to pick from À7 (“a very great deal worse”) to 0
(“about the same”) to +7 (“a very great deal better”).

Ultrasound Measurement Technique
The RUSI instrument that was used in this study was the

Biosound Esaote MyLab25 Gold unit (Biosound Inc, Indi-
anapolis, Indiana), 2.5 to 6.6 MHz, 60-mm curvilinear
array (model CA631) in brightness mode (B-mode). The
settings for RUSI were preset to a frequency of 6.6 MHz, a
power of 75%, and a maximum depth of 9 cm as suggested
by a prior study1. The B-mode display setting on the RUSI
was used for the study, as it is best suited for the rehabilita-
tive setting.37 The B-mode display as described by Whit-
taker et al37 is a mode that allows a large field of view for
several structures at once, may reveal morphology of mus-
cle, displays the characteristics such as concurrent vs self-
regulating or phasic vs continuous increase in muscle thick-
ness, and may show the influence of dynamic activity in the
field of view.
The individuals collecting the RUSI measurements for

this study were all required to study the standard manual of
operating procedures and underwent training by 1 of the 2
investigators who has over 5 years of experience with these
techniques. The recommended testing position to measure
the TrA with RUSI is to have the patient in supine with
hips and knees in a hook-lying position.3,4,16,17,38 There-
fore, the participants were positioned in a supine hook-
lying neutral posture for measurements taken pretreatment
and posttreatment at rest and at the contracted state of the
TrA as outlined by Puentedura et al.1 To measure the TrA,
the RUSI transducer was placed over the anterolateral
abdominal wall just superior to the iliac crest along the
midaxillary line and middle of the muscle belly.2,3,38 To
ensure consistency, the researcher took the measurements
using RUSI on the right-hand side of the participant and

drew a line bisecting the length of the transducer head on
the skin with a marker to standardize the location of the
transducer.1 In a systematic review,39 it was found that
RUSI is a valid and sensitive instrument to both negative
and positive changes in the measurement of trunk muscula-
ture size and activation.
A total of 12 still images of the right side of the antero-

lateral abdominal wall as described earlier were taken (3
pretreatment relaxed, 3 pretreatment contracted, 3 post-
treatment relaxed, and 3 post-treatment contracted). To
ensure blinding of RUSI measurements and participant
group assignment, 1 researcher performing the RUSI meas-
urements was blind to which group (TJM or sham manipu-
lation) the participant was assigned. As soon as the
pretreatment measurements were taken, the researcher left
the room and waited outside the room. The treating
researcher entered the room to implement the TJM or sham
manipulation based on participant group assignment.
Immediately after treatment, the researcher handling the
RUSI measurements came back into the room and took the
final 3 measurements. Sample images of the TrA measure-
ments at rest and in the contracted state are illustrated in
Figures 2A and 2B.
All of the still images were taken via RUSI, coded, and

stored on the RUSI’s hard drive and later recalled for mea-
surement. As described by a previous study,1 the researcher
used the RUSI to measure the muscle thickness of the TrA
to the nearest 0.1 mm from the inside edges of the fascial
bands of the TrA. Puentedura et al1 suggest for consistency
of measurements that the researcher use the RUSI at the
same point along the muscle belly of the TrA, 2.5 cm lat-
eral to the rectus abdominis sheath muscle-fascia junction.
The participants were taught the ADIM by the research-

ers before measurements of the TrA were performed via
RUSI. The researchers instructed the ADIM first with the
participants in the quadruped position progressing to the

Fig 2. Images of transversus abdominis measurements resting (A) and contracted (B). EO, external oblique; IO, internal oblique; TA,
transversus abdominis.
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prone position, and finally the supine hook-lying position.
It was in the supine hook-lying position that the partici-
pants’ TrAs were measured in the relaxed and contracted
state via RUSI before and after TJM or non-TJM.1

Allocation and Randomization of Participants
Concealed allocation was performed, and the treating

researcher at each location blind to the RUSI measurements
opened an envelope indicating the participant’s random
treatment group assignment that corresponded to the partic-
ipant’s unique identification number. A random number
generator40 was used to establish randomization lists before
the initiation of the study. Individual randomization assign-
ments were concealed according to the following proce-
dure: (1) The group assignment was recorded on a label
affixed to a 3.5-in£ 5-in index card; (2) This card was
folded in half such that the label with the participant’s
group assignment was on the inside of the folder; (3) The
folded index card was then placed inside the envelope, and
the envelope was sealed. One researcher at each location
(UNLV or DeRosa Physical Therapy practice) performed
the TJM and sham manipulation interventions. The individ-
ual treating participants were blind to the participants of the
study interventions; only the treating researcher knew
which participant was assigned to the TJM group or the
sham manipulation group. The participants were told not to
discuss which treatment they received with the researcher

performing the RUSI measurements upon their return to
the room.

Interventions
Participants either received TJM or sham manipulation

after the pretreatment RUSI measurements. Thrust joint
manipulation is defined as a high-velocity, low-amplitude
thrust or a Maitland grade V41 that is not preventable by
the patient, whereas mobilizations are considered nonthrust
passive movements or Maitland grade I thru IV41 that can
be stopped by the patient.42 For this study, TJM was further
defined as a high-velocity end-range rotation of the upper
lumbar spine on the lower lumbar spine, and the sham
manipulation was a mobilization Maitland grade I,41 as
defined in a previous study.1 One experienced licensed
orthopedic physical therapist at each location (UNLV or
DeRosa Physical Therapy practice) performed the TJM
and sham manipulation interventions as demonstrated in
Figures 3A and B. This researcher was blind to the partici-
pants’ RUSI measurements throughout this study. Only the
treating researcher was aware of the group assignment.
The following TJM as described by Puentedura et al1

was performed with the participant in side lying on the
right side first. If no cavitation was noted, then the partici-
pant was asked to lie on their left side, and the TJM was
repeated. Once again, cavitation was noted. If neither right
nor left side produced a cavitation, then TJM was repeated

Fig 3. TJM (A) and sham manipulation (B) interventions. TJM, thrust joint manipulation.
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a final time, thus no more than a maximum of 2 TJMs was
performed per side. As suggested by the previous study,1 if
a cavitation was produced during the setup of the TJM
position before the TJM being performed, it was noted
appropriately; however, the TJM was still implemented.
The researcher recorded exactly how many TJMs were per-
formed per side on the participant and whether cavitations
were produced. Immediately after the treatment, the
researcher handling the RUSI measurements came back
into the room and took the final 3 measurements. Sample
images of TrA measurements at the rest and at the con-
tracted state are illustrated in Figures 2A and 2B. Addition-
ally, at the 48-hour follow-up participants were contacted
via phone and gave the final patient-reported measures:
ODI, NPRS, FABQ, and GROC.

DATA MANAGEMENT AND ANALYSIS

Sample Size and Power
An a priori sample size based on an anticipated effect

size of 0.5, desired statistical power level of 0.8, and proba-
bility level of 0.05 was performed. Portney and Watkins43

suggest that a 1-tailed hypothesis be used when performing
a study with a control or placebo group and a 2-tailed
hypothesis be used when the hypothesis is nondirectional.
A sample size calculator44 was used to calculate the mini-
mum required total sample size for a 2-tailed hypothesis
with the result being:

ꢀ Minimum total sample size (2-tailed hypothesis): 128
patients

ꢀ Minimum total sample size per group (2-tailed hypoth-
esis): 64 patients

For this study, all inferential statistical analysis used the
IBM SPSS Statistics version 23 software.45

Primary Aim Analysis
To compare the outcomes of TJM and sham manipula-

tion on the TrA muscle thickness, a 2-by-2 analysis of vari-
ance (treatment [TJM and sham manipulation]) by time
(pretreatment and post-treatment) was completed for both

the TrA muscle thickness at rest and muscle thickness dur-
ing contraction, as suggested in a prior study.1 Before the
analysis of variance, the data were checked for a normal
distribution. Because the data were not normally distrib-
uted, a log transformation was implemented. This resulted
in the data being normally distributed as assessed by Sha-
piro-Wilk’s test of normality (P > .05).
Intrarater reliability was assessed for the measurement

of TrA muscle thickness for 10 participants consecutively
on different data collection dates. The measurements
included the TrA muscle thickness at rest and at the con-
tracted state before treatment for 3 images of each and post-
treatment for 3 images of each. Intrarater reliability for the
measurement of TrA muscle thickness was excellent, hav-
ing an ICC (ICC3,3) of 0.969 pretreatment rest, 0.990 pre-
treatment contraction, 0.990 posttreatment rest, and 0.972
posttreatment contraction. Data for prerest, precontraction,
postrest, and postcontraction measurements can be found
in Table 1.

Secondary Aim Analysis
Descriptive statistics were analyzed for groups TJM and

sham manipulation using independent sample t tests for
continuous variables and x2 tests for categorical variables.

RESULTS

A total of 178 participants were screened, and 67 satis-
fied the eligibility criteria over the course of 9 months. Of
those 67 participants, 0 dropped out of the study. Recruit-
ment was stopped early, as midterm preliminary analysis
demonstrated no significant difference between groups
with a very small effect size of 0.001. A flow diagram
showing participant recruitment, including reasons for inel-
igibility, can be seen in Figure 4.

Results: Primary Aim
Intrarater reliability for the measurement of TrA muscle

thickness was excellent, with an ICC (ICC3,3) of 0.969 pre-
treatment rest, 0.990 pretreatment contraction, 0.990 post-
treatment rest, and 0.972 posttreatment contraction.

Table 1. Average Prerest, Precontraction, Postrest, and Postcontraction Measurements

95% CI of the Difference
F Significance Mean Difference Lower Bound Upper Bound

Average prerest .053 .81 .005 À.06 .07

Average precontraction .035 .85 .0048 À.09 .10

Average postrest 1.141 .28 À.045 À.10 .016

Average postcontraction .095 .75 À.021 À.11 .07
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Although it was not feasible to take the RUSI measure-
ments immediately after intervention because the treating
researcher left the room so that the researcher taking the
RUSI measurements could enter the room to maintain
blinding, prior research46 suggests that the 6 measurements
posttreatment taken consecutively would be less likely to
change within 5 to 10 minutes, demonstrating no apparent
learning or fatigue tendencies. Every effort possible was
made so that the measurements posttreatment were taken in
a timely fashion while maintaining blinding of the research-
ers. Descriptive statistics from the study are provided in
Table 2. Confidence interval data for prerest, precontrac-
tion, postrest, and postcontraction measurements can be
found in Table 1.
There were outliers as assessed by a box plot. Following

the log10 transformation, the data were normally distrib-
uted as assessed by the Shapiro-Wilk test of normality
(P > .05). There was a statistically significant interaction
between the treatment groups and time for TrA muscle
thickness at rest: F(1, 65) = 9.270, P = .003, and partial
h2 = 0.125. The mean TrA muscle thickness at rest was not
statistically significant different between the treatment
groups: F(1, 65) = 2.168, P = .146, and partial h2 = 0.032.
Likewise, there was not a statistically significant effect of
time on the TrA muscle thickness at rest within the treat-
ment groups: F(1, 65) = 3.325, P = .073, partial and
h2 = 0.049. The mean and standard deviation values (cm)
of TrA muscle thickness during rest before and after TJM
and sham manipulation can be seen in Figure 5.
There was a not a significant interaction between the

treatment groups and time for TrA muscle thickness during
the contraction state: F(1, 65) = 0.963, p = 0.330, and par-
tial h2 = 0.015. The main effect of time did not show a sta-
tistically significant difference in the mean TrA muscle

thickness during the contraction state at different times:
F(1, 65) = 2.018, P = .160, and partial h2 = 0.030. The main
effect of group showed that there was not a statistically sig-
nificant difference in the mean TrA muscle thickness dur-
ing the contraction state between the treatment groups: F(1,
65) = 2.018, P = .160, and partial h2 = 0.030. The mean and
standard deviation values (cm) of TrA muscle thickness
during contraction before and after TJM and sham manipu-
lation can be seen in Figure 6.
The main effects of treatment (P = .521) at rest and time

(P = .083) were not statistically significant. Likewise, the
main effects of treatment (P = 0.853) at the contracted state
and time (P = 0.162) were not statistically significant
(Table 3). Table 4 is the combined pretreatment measure-
ment and posttreatment measurement of the TrA muscle
thickness for each group.

Results: Secondary Aim
Baseline continuous variables can be found in Table 5

and categorical variables in Table 6. Immediate posttreat-
ment for continuous variables can be found in Table 7 and
categorical variables in Table 8. Finally, the data for
48 hours posttreatment for continuous variables can be
found in Table 9 and categorical variables in Table 10.
There were no statistically significant results of the base-

line continuous variables and categorical variables with the
exception of the FABQ-PA (P = .043) and the treatment
expectations for manipulation (P = .031). There were no
statistically significant results immediately posttreatment
for both continuous variables and categorical variables.
Forty-eight hours posttreatment, there was a statistically
significant result for the FABQ-PA (P = .028) and the

Fig 4. Flow diagram of patient recruitment and retention. ODI, Oswestry Disability Index.
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NPRS (p = .047). Forty-eight posttreatment for the GROC
was not statistically significant.

DISCUSSION

Findings Contrast With Prior Research
The results for the primary aim of this study revealed

there was a statistically significant interaction between the
treatment groups and time (pretreatment and post-treat-
ment) for TrA muscle thickness at rest; however, there
were no statistically significant results between the mean
TrA muscle thickness at rest and the treatment groups and
no statistical significance between time on the TrA muscle
thickness at rest within the treatment groups. Owing to a
notably small effect size of 0.001 for 67 participants, it was
not feasible to identify statistically significant findings.
This study did not differentiate between participants who
were positive on the CPR for manipulation20,21 as an inclu-
sion criterion, which could have potentially resulted in dif-
ferent findings.

In the current study, we found that the TJM group
exhibited, on average, a slightly thicker at rest and a slight
thicker at contracted state of the TrA postintervention com-
pared with the sham manipulation group, which actually
exhibited a thinner at rest and slightly thicker at the con-
tracted state as can be seen in Tables 5 (baseline) and 7
(posttreatment). An expectation of decreased thickness at
rest and increased thickness at the contracted state of the
TrA muscle posttreatment for the TJM group was based on
the findings of case reports15-17 suggesting that the
observed changes in muscle thickness after TJM applied to
the lumbar spine may perhaps be explained by the neuro-
physiological or reflexogenic mechanism.1,15-18,47 Three
case reports15-17 and a prospective case series18 that imple-
mented the CPR for manipulation20,21 in participants with
LBP investigated muscle thickness changes at rest and dur-
ing contraction after TJM. Their research15-18 implied that
the immediate effect of TJM may facilitate a reduction in
pain, reestablish motion, and reprogram the neural control
and active subsystems, thus suggesting a decrease in mus-
cle thickness at rest and a greater increase in muscle thick-
ness with contraction, although no cause-and-effect claims
could be made.
The nonsignificant findings of this study contrast with

those found in prior research15-17 that observed a decrease
in the resting thickness and an increase in the contracted
thickness of TrA after the intervention of TJM was applied
to the lumbar spine in participants with LBP. Although we
executed a similar study protocol concerning TJM and
RUSI procedures, there are a few differences that perhaps
could explain the outcomes we observed. The previous
studies15-17 were case reports; 2 had 1 participant each, and
1 had 9 participants, thus compared with this RCT of 67
participants, the outcomes may not necessarily carry over
to a larger group of participants. This study included partic-
ipants with LBP who may or may not have been positive
on the CPR for manipulation,20,21 whereas the studies15-17

previously mentioned only included participants who were
positive on the CPR for manipulation.20,21 It is also
unknown whether the participants in the current study TJM
group exhibited a lack of complete relaxation at rest post-
treatment to explain for the thicker TrA at rest as compared
with the pretreatment TrA at rest.
A clinical trial1 examining the effect of TJM thickness of

TrA in asymptomatic participants demonstrated no changes
in the muscle thickness of TrA at rest or at the contracted
state both before and after TJM. For the current study, the
idea that perhaps LBP needed to be present for TJM to pro-
duce an inhibitory influence, if in fact the inhibitory influence
is what TJM provides in patients with LBP, led us to investi-
gate this with participants who have LBP in an RCT.
As previously mentioned, the results of the current study

contradict the results of those previous studies.15-18 There
was very little difference posttreatment at rest and at the
contracted state of the TrA muscle thickness as indicated in

Table 2. Descriptive Statistics

Contraction State/
Treatment/Time Results

Change
Pretreatment to
Post-treatment

Analysis 1: Rest

Sham 0.41 § 0.01
(0.01-0.69)

Pretreatment 0.39 § 0.13 (0.34-0.44)

Post-treatment 0.35 § 0.11 (0.31-0.39)

Manipulation À0.10 § 0.009
(À0.29 to 0.008)

Pretreatment 0.38 § 0.13 (0.34-0.43)

Post-treatment 0.39 § 0.14 (0.35-0.44)

Analysis 2:
Contracted

Sham À0.006 § 0.019
(À0.04 to 0.03)

Pretreatment 0.65 § 0.20 (0.58-0.71)

Post-treatment 0.65 § 0.19 (0.58-0.72)

Manipulation À0.03 § 0.01
(À0.07 to 0.007)

Pretreatment 0.64 § 0.19 (0.57-0.71)

Post-treatment 0.67 § 0.19 (0.60-0.74)

Values are mean § standard deviation (95% CI).
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Fig 5. Pre- and postrest measurements. Tx, treatment.

Fig 6. Pre- and postcontraction measurements. Tx, treatment.
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Table 4 for either group, and neither group had statistically
significant results. Perhaps, as suggested by Koppenhaver
et al,18 it is more difficult to ascertain statistically signifi-
cant results from TrA thickness post-TJM in part because

the ADIM is a skill that requires the researchers to teach
the participant how to contract the TrA and the research
must determine the best maximal TrA contraction with
minimal activation of other abdominal musculature, as
opposed to the lumbar multifidus (LM) or having the par-
ticipant perform a prone submaximal contraction, produced
by the participant lifting the contralateral limb holding a
small hand weight. Koppenhaver et al18 suggest that the
findings of increased LM thickness at the contracted state
and improved LBP-related disability post-TJM in patients
with LBP as compared with the TrA may be due to the
proximity of the LM muscle to the lumbosacral vertebrae
that is targeted with TJM.
Because the results of the primary aim for this current

study were not supported, we can only speculate what
mechanical and physiological mechanisms were involved,
and if we had obtained a larger sample size of individuals,
who satisfied the CPR what the results may have been. We
did not assess the neurophysiological or reflexogenic mecha-
nism directly; however, based on previous research, it is prob-
able that this mechanism is primarily responsible for changes
in pain, motion, and neural control and active subsystems in
patients with LBP after TJM.18,19,48,49 In a prospective case
series,19 19 patients who met a CPR for lumbar stabiliza-
tion,50 but did not meet the CPR for manipulation,20,21 under-
went TJM. The findings indicate that there were no changes
in TrA and internal oblique muscle thickness post-TJM dur-
ing the ADIM immediately after treatment and 3 to 4 days
after treatment measured with RUSI; however, there was an
improvement in pain and disability post-TJM.19

Patient-Reported Outcome Measures
In this current study, we hypothesized that participants

with LBP who received TJM would demonstrate superior
results in their outcome measures compared with partici-
pants with LBP who received sham manipulation. More
importantly, immediately posttreatment for both continu-
ous variables and categorical variables, there were no sig-
nificant difference. However, 48 hours after treatment,
there was a statistically significantly difference for the
FABQ-PA (P = .028) and the NPRS (P = .047). Forty-eight
hours posttreatment, the TJM group achieved a better
FABQ-PA average score of 10.58 and an NPRS average
score of 1.90 compared with the sham manipulation group
FABQ-PA average score of 12.88 and NPRS average score
of 2.95. Perhaps the TJM group had better 48-hour post-
treatment scores on the FABQ-PA and the NPRS than the
sham manipulation group becauseTJM is a stronger maneu-
ver or force applied to the lumbar spine than the mobiliza-
tion or sham manipulation treatment, thus one could
speculate that the participants in the TJM group may have
perceived TJM to be an effective treatment for their LBP
and therefore had less fear of performing activities as
opposed to the sham manipulation group.

Table 3. Main Effects of Time on Transversus Abdominis Thick-
ness (cm) for Rest and Contracted States

Contraction State Pretreatment x̄ Post-treatment x̄ P Value

Rest 0.39 § 0.13 0.37 § 0.12 .08

Contracted 0.64 § 0.19 0.66 § 0.19 .16

Table 4. Main Effects of Treatment on Transversus Abdominis
Thickness (cm) for Rest and Contracted States

Contraction State Manipulation x̄ Sham x̄ P Value

Rest 0.78 § 0.27 0.74 § 0.23 .52

Contracted 1.32 § 0.37 1.30 § 0.38 .85

Table 5. Baseline Continuous Variables Based on Independent
t Test

Variable Sham (n = 34) TJM (n = 33) P Value

Age 37.24 § 14.93 33.82 § 14.16 .43

Height (cm) 171.07 § 10.17 173.18 § 9.68 .68

Weight (kg) 80.37 § 26.10 80.01 § 18.64 .053

Body mass index 27.20 § 7.75 26.53 § 4.85 .10

Time (since onset of
LBP in mo)

69.26 § 111.49 54.18 § 93.13 .24

CPR (no. out of 5
criteria)

2.94 § 1.01 3.27 § .94 .83

Average pre-rest TrA
measurement

.39 § .13 .38 § .13 .81

Average pre-contrac-
tion TrA measurement

.65 § .20 .64 § .19 .85

Pre ODI score (%) 32.47 § 13.07 27.39 § 12.57 .72

FABQ-W (no. out of
42)

13.59 § 10.55 11.42 § 8.21 .043

FABQ-PA (no. out of
24)

14.26 § 6.12 11.58 § 5.43 .68

Numerical Pain Rat-
ing Scale

4.32 § 1.93 3.59 § 1.80 .43

CPR, clinical prediction rule; FABQ-PA, Fear Avoidance Beliefs Ques-
tionnaire-Physical Activity; LBP, low back pain; NPRS, Numerical Pain
Rating Scale; FABQ-W, Fear Avoidance Beliefs Questionnaire work
scale; ODI, Oswestry Disability Index; TJM, thrust joint manipulation;
TrA, transversus abdominis.
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Table 6. Baseline Categorical Variables Based on x2 Test
Variable Sham (n = 34) TJM (n =33) Pearson x2 df P Value

Sex (n = female) 20 (59%) 20 (61%) .022 1 .88

Race (a. white, b. black/Afri-
can American, c. Hispanic, d.
Asian, e. Native American)

a. 26 (76%), b. 2 (6%), c. 2
(6%), d. 3 (9%), e. 1 (2.9%)

a. 21 (64%), b. 0 (0%), c. 6
(18%), d. 4 (12%), e. 2 (6%)

4.99 4 .28

Seeking treatment (n = yes) 11 (32%) 12 (36%) .12 1 .73

LBP (a. not at all bothersome,
b. slightly bothersome, c.
somewhat bothersome, d.
moderately bothersome, e.
very bothersome, f. extremely
bothersome)

a. 0 (0%), b. 3 (9%), c. 3
(9%), d. 13 (38%), e. 13
(38%), f. 2 (6%)

a. 0 (0%), b. 6 (18%), c. 7
(21%), d. 9 (27%), e. 8 (24%),
f. 3 (9%)

4.70 4 .31

Bowel/bladder (a. not at all
bothersome, b. slightly both-
ersome, c. somewhat bother-
some, d. moderately
bothersome, e. very bother-
some, f. extremely
bothersome)

a. 30 (88%), b. 2 (6%), c. 0
(0%), d. 1 (3%), e. 0 (0%), f. 1
(3%)

a. 29 (87.8%), b. 4 (12%), c. 0
(0%), d. 1 (3%), e. 0 (0%), f. 1
(3%)

2.67 3 .44

Buttocks/leg (a. not at all
bothersome, b. slightly both-
ersome, c. somewhat bother-
some, d. moderately
bothersome, e. very bother-
some, f. extremely
bothersome)

a. 20 (58.8%), b. 3 (8.8%), c.
2 (5.8%), d. 4 (11.7%), e. 2
(5.8%), f. 3 (8.8%)

a. 15 (45%), b. 5 (15%), c. 4
(12%), d. 5 (15%), e. 4 (12%),
0 (0%)

5.64 5 .34

Numbness/tingling (a. not at
all bothersome, b. slightly
bothersome, c. somewhat
bothersome, d. moderately
bothersome, e. very bother-
some, f. extremely
bothersome)

a. 25 (73%), b. 3 (9%), c. 3
(9%), d. 1 (3%), e. 1 (3%), f. 1
(3%)

a. 24 (73%), b. 4 (12%), c. 2
(6%), d. 3 (9%), e. 0 (0%), f. 0
(0%)

3.35 5 .65

Weakness in leg (a. not at all
bothersome, b. slightly both-
ersome, c. somewhat bother-
some, d. moderately
bothersome, e. very bother-
some, f. extremely
bothersome)

a. 23 (67.6%), b. 5 (14.7%), c.
3 (8.8%), d. 3 (8.8%), e. 1
(3%), f. 1 (3%)

a. 25 (76%), b. 4 (12%), c. 2
(6%), d. 2 (6%), e. 0 (0%), f. 0
(0%)

2.71 5 .74

Education level (a. less than
high school, b. graduated
from high school, c. some col-
lege, d. graduated from col-
lege, e. some postgraduate
course, f. completed postgrad-
uate degree)

a. 0 (0%), b. 6 (17.6%), c. 8
(24%), d. 6 (17.6%), e. 8
(24%), f. 6 (17.6%)

a. 1 (3%), b. 4 (12%), c. 4
(12%), d. 6 (18%), e. 10
(30%), f. 8 (24%)

3.23 5 .66

Surgery (n = no) 34 (100%) 31 (93.9%) 2.12 1 .14

Pain meds (a. not at all, b.
once a week, c. once every
couple of days, d. once or
twice a day, e. 3 or more a
day)

a. 25 (73.5%), b. 1 (2.9%), c.
3 (8.8%), d. 5 (14.7%), e. 0
(0%)

a. 22 (66.6%), b. 3 (9%), c. 4
(12.1%), d. 4 (12.1%), e. 0
(0%)

1.43 3 .69

(continued)
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Table 6. (Continued)
Variable Sham (n = 34) TJM (n =33) Pearson x2 df P Value

Cigarettes (n = no) 27 (79.4%) 27 (81.8%) 0.62 1 .80

Smoking (a. never smoked, b.
1-10 cigarettes, c. 11-20 ciga-
rettes, d. 21-40 cigarettes, e.
>40 cigarettes)

a. 23 (67.6%), b. 4 (11.76%),
c. 2 (5.8%), d. 1 (2.9%), e. 4
(11.76%)

a. 23 (69.6%), b. 4 (12.1%), c.
0 (0%), d. 2 (6%), e. 4
(12.1%)

2.32 4 .67

Exercise activity (a. mostly
sedentary, b. sedentary, lots of
walking, c. moderately active,
d. demanding physical
activity)

a. 8 (23.5%), b. 10 (29.4%), c.
12 (35.2%), d. 4 (11.7%)

a. 11 (33%), b. 8 (24.2%), c.
11 (33%), d. 3 (9%)

.87 3 .83

Employment (a. work regular
duty FT, b. work regular duty
PT, work light duty FT, c.
work light duty PT, d. tempo-
rary unable to work due to
health, e. permanently unable
to work due to health, f.
retired, g. unemployed, h.
homemaker, i. student)

a. 17 (50%), b. 2 (5.8%), c. 0
(0%), d. 0 (0%), e. 1 (2.9%), f.
0 (0%), g. 2 (5.8%), h. 1
(2.9%), i. 11 (32%)

a. 16 (48%), b. 3 (9%), c. 0
(0%), d. 0 (0%), e. 0 (0%), f. 2
(6%), g. 1 (3%), h. 0 (0%), i.
11 (33%)

4.55 6 .60

Missed work (a. have not
missed work, b. less than 1
week, c. 1-2 weeks, d. 2-3
weeks, e. 3-4 weeks, f. >4
weeks of missed work)

a. 25 (73.5%), b. 6 (17.6%), c.
0 (0%), d. 1 (2.9%), e. 0 (0%),
f. 2 (5.8%)

a. 27 (81.8%), b. 4 (12%), c. 0
(0%), d. 1 (3%), e. 0 (0%), f. 1
(3%)

.79 3 .85

Work status (a. have not
missed any work due to LBP,
b. have returned to full duty
work, c. have returned to par-
tial duty work, d. have not
been able to return to work
due LBP, e. have not been
able to return to work for a
reason other than LBP)

a. 27 (79.4%), b. 5 (14.7%), c.
1 (2.9%), d. 1 (2.9%), e. 0
(0%)

a. 31 (93.9%), b. 1 (3%), c. 0
(0%), d. 1 (3%), e. 0 (0%)

3.93 3 .27

Attorney (n = no) 34 (100%) 32 (96.9%) 1.05 1 .31

Work comp (n = no) 33 (97%) 33(100%) .99 1 .32

Litigation (n = no) 34 (100%) 33 (100%) No statistics computed
because litigation is a
constant.

Tx expect.—medications (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 7 (20.5%), b. 6 (17.6%), c.
10 (29.4%), d. 10 (29.4%), e.
1 (2.9%)

a. 7 (21.2%), b. 6 (18.1%), c.
9 (27.2%), d. 10 (30%), e. 1
(3%)

.038 4 1.00

Tx expect.—rest (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 4 (11.7%), b. 4 (11.7%), c.
9 (26.4%), d. 12 (25.3%), e. 5
(14.7%)

a. 2 (6%), b. 7 (21.2%), c. 10
(30%, d. 5 (15%), e. 9
(27.2%)

5.55 4 .23

(continued)
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This study required that participants had at least a 20%
or more on the ODI to participate. The average baseline
ODI score was 32% in the sham manipulation group and
27% in the TJM group, which is considered at the low end
of moderate disability (21%-40%).28,29 Perhaps if our
inclusion criteria stipulated the participants to have an ODI
percentage score of 30% or more as defined disability val-
ues for the CPR for manipulation20,21 to participate, we
may have seen a more statistically significant change in
patient-reported outcome measures.

Strengths and Limitations
Out of a total of 178 participants assessed for eligibility,

only 67 participants (37.6%) qualified and agreed to partici-
pate in the study. The generalizability of this study was lim-
ited to 2 data collection sites and to individuals with LBP,
thus this does reduce the external validity of this study
despite the 2 sites being completely different to recruit a
diverse group of participants. The study did implement a
wide age range of 18 to 70 years, which allowed partici-
pants of various ages to participate.

Table 6. (Continued)
Variable Sham (n = 34) TJM (n =33) Pearson x2 df P Value

Tx expect.—surgery (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 14 (41.1%), b. 4 (11.7%), c.
14 (41.1%), d. 2 (5.8%), e. 0
(0%)

a. 19 (57.5%), b. 6 (18.1%), c.
5 (15.1%), d. 2 (6%), e. 1
(3%)

6.41 4 .17

Tx expect.—modalities (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 4 (11.7%), b. 1 (2.9%), c. 7
(20.5%), d. 17 (50%), e. 5
(14.7%)

a. 1 (3%), b. 1 (3%), c. 12
(36.3%), d. 16 (48.4%), e. 3
(9%)

3.63 4 .46

Tx expect.—massage (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 1 (2.9%), b. 1 (2.9%), c. 5
(14.7%), d. 11 (32.3%), e. 16
(47%)

a. 2 (6%), b. 1 (6%), c. 5
(15.1%), d. 15 (45.4%), e. 10
(30%)

2.32 4 .68

Tx expect.—manipulation (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 0 (0%), b. 5 (14.7%), c. 5
(14.7%), d. 8 (23.5%), e. 16
(47%)

a. 2 (6%), b. 2 (6%), c. 8
(24.2%), d. 15 (45.4%), e. 6
(18%)

10.64 4 .031

Tx expect.—traction (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a.2 (5.8%), b. 3 (8.8%), c. 12
(35.2%), d. 13 (38.2%), e. 4
(11.7%)

a. 3 (9%), b. 3 (9%), c. 14
(42.4%), d. 8 (24.2%), e. 5
(15.1%)

1.64 4 .80

Tx expect.—aerobic exercise
(a. completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 0 (0%), b. 3 (8.8%), c. 14
(41.1%), d. 14 (41.1%), e. 3
(8.8%)

a. 2 (6%), b. 2 (6%), c. 12
(36.3%), d. 13 (39.3%), e. 4
(12.1%)

2.52 4 .64

Tx expect.—ROM ex. (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 0 (0%), b. 0 (0%), c. 6
(17.6%), d. 15 (44.1%), e. 13
(38.2%)

a. 1 (3%), b. 1 (3%), c. 7
(21.2%), d. 14 (42.4%), e. 10
(30.3%)

2.49 4 .65

Tx expect.—strength ex. (a.
completely, disagree, b.
somewhat disagree, c. neutral,
d. somewhat agree, e.
completely agree)

a. 1 (2.9%), b. 2 (5.8%), c. 4
(11.7%), d. 14 (41.1%), e. 13
(.38%)

a. 0 (0%), b. 3 (9%), c. 7
(30%), d. 1339.3%), e. 10
(30.3%)

2.43 4 .66

ex., exercise; expect., expectation; FT, full time; LBP, low back pain; PT, part time; ROM, range of motion; TJM, thrust joint manipulation; Tx, treatment.
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We made every attempt to ensure the study procedures
were standardized and adhered to throughout the execution
of the Manual of Standard Operating Procedures, which
went into great detail from the examination, RUSI pretreat-
ment measurements, intervention, RUSI posttreatment
measurements, and all patient-reported outcome measures.
There were only 2 treating researchers and 2 researchers
who took the TrA muscle thickness measurements using
RUSI for pre and post measurements throughout the entire

study. External validity was limited by having the same
treating researcher and the researcher who took the RUSI
measurements do so at each location.
We performed a priori sample size calculation based

on an anticipated effect size of 0.5, desired statistical
power level of 0.8, and probability level of 0.05 in
hopes of obtaining enough participants (64 in each
group) within the year to achieve adequate data, and
this proved to be difficult to obtain from the UNLV and
DeRosa Physical Therapy practice. The midterm data
analysis was prolonged because of slow participant
accumulation resulting in 33 participants in the TJM
group and 34 participants in the sham manipulation
group, thus this study was underpowered. To achieve a
statistically significant outcome for this study, we would
have needed 78 492 participants total at the effect size
of 0.001 for this study.
For this study, RUSI was used to measure the muscle

thickness at rest and at the contracted state of the TrA mus-
cle pre- and postintervention instead of fine-wire needle
electromyography (EMG) because of the invasiveness of
needle EMG compared with RUSI. McMeeken et al51 sug-
gest that although EMG is considered the gold standard to
test and measure muscle activity and thickness changes, it
can be difficult to do in the TrA owing to the crosstalk of

Table 7. Immediately Posttreatment Continuous Variables Based on Independent t Test
Variable Sham (n = 34) TJM (n = 33) P Value

Average postrest TrA
measurement

0.35 § 0.11 0.39 § 0.14 .15

Average post-contraction TrA
measurement

0.65 § 0.19 0.67 § 0.19 .65

Post ODI score (%) 26.35 § 13.31 23.09 § 13.59 .32

Post FABQ-W (no. out of 42) 13.91 § 10.96 12.09 § 8.31 .44

Post FABQ-PA (no. out of 24) 13.62 § 5.70 11.24 § 5.00 .07

Post Numerical Pain Rating Scale 3.33 § 1.94 2.59 § 1.75 .10

FABQ-PA, Fear Avoidance Beliefs Questionnaire-Physical Activity; FABQ-W, Fear Avoidance Beliefs Questionnaire work scale; ODI, Oswestry Dis-
ability Index; TJM, thrust joint manipulation; TrA, transversus abdominis.

Table 8. Immediately Posttreatment Categorical Variables Based on x2 Test
Variable Sham (n = 34) TJM (n = 33) P Value

Postintervention GROC (a. a very great
deal worse, b. a great deal worse, c. quite
a bit worse, d. moderately worse, e. a lit-
tle bit worse, f. a tiny bit worse, g. about
the same, h. a tiny bit better, i. a little bit
better, j. somewhat better, k. moderately
better, l. quite a bit better, m. a great deal
better, n. a very great deal better)

a. 0 (0%), b. 0 (0%), c. 0 (0%), d. 0 (0%),
e, 0 (0%), f. 0 (0%), g. 9 (26.4%), h. 6
(17.6%), i.1 (2.9%), j. 2 (5.8%), k. 8
(23.5%), l. 4 (11.7%), m. 2 (5.8%), n. 2
(5.8%)

a. 0 (0%), b. 0 (0%), c. 0 (0%), d. 1 (3%),
e. 0 (0%), f. 0 (0%), g. 9 (27.2%), h. 3
(9%), i. 5 (15.1%), j. 3 (9%), k. 4
(12.1%), l. 8 (24.2%), m. 3 (9%), n. 1
(3%)

.28

GROC, global rating of change scale; TJM, thrust joint manipulation.

Table 9. Posttreatment (48 hours) Continuous Variables Based
on Independent t Test

Variable Sham (n = 34) TJM (n = 33) P Value

Post ODI (%) 48 h 21.41 § 13.77 16.82 § 11.65 .15

Post FABQ-W (no.
out of 42) 48 h

13.21 § 10.12 10.58 § 8.55 .26

Post FABQ-PA (no.
out of 24) 48 h

12.88 § 5.44 10.09 § 4.66 .028

Post Numerical Pain
Rating Scale, 48 h

2.95 § 2.23 1.90 § 2.03 .047

FABQ-PA, Fear Avoidance Beliefs Questionnaire-Physical Activity;
FABQ-W, Fear Avoidance Beliefs Questionnaire work scale; ODI, Oswes-
try Disability Index; TJM, thrust joint manipulation.
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overlying muscles and it is an invasive method. They found
RUSI to be a reliable and noninvasive alternative method to
fine-wire needle EMG with excellent ICC for both B-mode
(0.989) and M-mode (0.981).
There have been studies1,3,15-17,38,52-57 that have demon-

strated that the use of RUSI can help to measure changes in
muscle activation and the thickness of muscle. In an RCT
conducted by Teyhen et al,3 RUSI was shown to be
reliable to be used in a clinic environment to measure mus-
cle thickness.

CONCLUSION

Our study did not support either hypothesis for both the
primary aim and secondary aim. There were no significant
differences between participants with LBP who received
the TJM in TrA thickness at rest and contraction compared
with the participants with LBP who received sham manipu-
lation. It is possible that the findings of no differences
between groups may be related to recruiting all individuals
with LBP. Perhaps a difference would have existed if we
only included individuals with LBP who were likely to
respond to manipulation.20,21 However, future studies are
needed to examine this.
There were no significant findings to support the secondary

hypothesis that participants with LBP who received TJM
would demonstrate superior results in their outcome measures
compared with participants with LBP who received sham
manipulation. However, both groups experienced significant
changes for the 48-hour posttreatment patient-reported out-
come measures for FABQ-PA (P = .028) and the NPRS
(P = .047), suggesting that both TJM and sham manipulation
groups had improvement in their LBP symptoms.
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Practical Applications
ꢀ The results of the study assist with a further
in-depth understanding of the potential mech-
anisms of spinal manipulation.

ꢀ We found that manipulation does not have an
impact on TrA thickness, which suggests the
mechanism of action is likely the result of
some other physiological response.

Table 10. Posttreatment (48 hours) Categorical Variables x2 Test
Variable Sham (n = 34) TJM (n = 33) P Value

Post-intervention GROC (a. a very great
deal worse, b. a great deal worse, c. quite
a bit worse, d. moderately worse, e. a lit-
tle bit worse, f. a tiny bit worse, g. about
the same, h. a tiny bit better, i. a little bit
better, j. somewhat better, k. moderately
better, l. quite a bit better, m. a great deal
better, n. a very great deal better)

a. 0 (0%), b. 0 (0%), c. 0 (0%), d. 0 (0%),
e, 0 (0%), f. 0 (0%), g. 9 (26.4%), h. 6
(17.6%), i.1 (2.9%), j. 2 (5.8%), k. 8
(23.5%), l. 4 (11.7%), m. 2 (5.8%), n. 2
(5.8%)

a. 0 (0%), b. 0 (0%), c. 0 (0%), d. 1 (3%),
e. 0 (0%), f. 0 (0%), g. 9 (27.2%), h. 3
(9%), i. 5 (15.1%), j. 3 (9%), k. 4
(12.1%), l. 8 (24.2%), m. 3 (9%), n. 1
(3%)

.40

GROC, global rating of change scale; TJM, thrust joint manipulation.
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