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The Immediate Reduction in Low Back
Pain Intensity Following Lumbar Joint

Mobilization and Prone Press-ups

Is Associated With Increased Diffusion
of Water 1n the 1.5-S1 Intervertebral Disc

espite  advances  in
diagnosis, classification,
and intervention, many
patients presenting with

nonspecific  low  back  pain
(LBP) fail to have recovery
from symptoms and activity

limitation.?® Systematic reviews of
the best available research suggest
that interventions commonly used
by physical therapists, such

as various applications
of exercise, manual

therapy, and patient

education, may be effective

for some but not all subsets of
people with LBP.1+3238 Determining those
subsets of patients who respond favor-
ably to intervention has been the focus of
many observational studies and random-
ized clinical trials.??1%20:50:3233 Data from
these, and other studies have led to the
development of clinical prediction rules
and treatment-based classification sys-
tems that have, in turn, greatly refined

* STUDY DESIGN: Single-group, prospective,
repeated-measures design.

* OBJECTIVES: To determine differences in the
changes of diffusion of water in the L5-S1 inter-
vertebral disc between subjects with nonspecific
low back pain (LBP) who reported an immediate
reduction in pain intensity of 2 or greater on an
11-point (0-10) numeric rating scale after a 10-min-
ute session of lumbar joint mobilization, followed
by prone press-up exercises, compared to those
who did not report an immediate reduction in pain
intensity of 2 or greater on the pain scale.

* BACKGROUND: Combining lumbar joint mobi-
lization and prone press-up exercises is a common
intervention for patients with LBP; however, there is
conflicting evidence regarding the effectiveness and
efficacy of this approach. Increased knowledge of
the physiologic effects of the combined use of these
treatments, and the relationship to pain reports,
can lead to refinement of their clinical application.

* METHODS: Twenty adults, aged 22 to 54,
participated in this study. All subjects reported LBP
of at least 2 on an 11-point (0-10) verbally admin-
istered numeric rating scale at the time of enroll-
ment in the study and were classified as being
candidates for the combination of joint mobilization
and prone press-ups. Subjects underwent T2- and
diffusion-weighted lumbar magnetic resonance
imaging scans before and immediately after receiv-

ing a 10-minute session of lumbar pressures in a
posterior-to-anterior direction and prone press-up
exercises. Subjects who reported a decrease in
current pain intensity of 2 or greater immediately
following treatment were classified as immediate
responders, while the remainder were classified as
not-immediate responders. The apparent diffusion
coefficient, representing the diffusion of water in
the nucleus pulposis, was calculated from the
midsagittal diffusion-weighted images.

* RESULTS: Following treatment, immediate
responders (n = 10) had a mean increase in the
apparent diffusion coefficient in the middle portion
of the L5-Sl intervertebral disc of 4.2% compared
to a mean decrease of 1.6% for the not-immediate
responders (P<.005).

* CONCLUSION: In a group of subjects with LBP,
who were classified as being candidates for exten-
sion-based treatment, the report of an immediate
reduction in pain intensity of 2/10 of greater after a
treatment of posterior-to-anterior-directed pressures,
followed by prone press-up exercises, was associated
with an increase in diffusion of water in the nuclear
region of the L5-S1 intervertebral disc. Subjects who
did not report a pain reduction of at least 2/10 did not
have a change in diffusion. J Orthop Sports Phys Ther
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clinical decision making relative to treat-
ment selection.??%?* One concern, howev-
er, is that patients who meet the criteria
for a clinical prediction rule or for assign-
ment to a treatment-based classification
do not always have a favorable outcome
from treatment.>*2 Thus, a common ques-
tion faced by clinicians and researchers
is, “Why do some patients with nonspe-
cific LBP who are quite similar relative
to examination findings have different
responses to the same treatment?”

One potential reason for variation
in outcome following treatment may be
linked to differences in the physiological
responses of lumbar tissues to the stimuli
generated by intervention.!>612:21,23,24:43-45
Historically, technologic limitations
have made measuring these physiologic
responses difficult; thus, little is known
regarding this phenomenon. Recently
however, an innovative application of lum-
bar magnetic resonance imaging (MRI)
known as diffusion-weighted imaging has
allowed investigators to track an impor-
tant physiologic event within the lumbar
spine: the diffusion of water within spinal
tissues.?1%% Diffusion of water is linked to
the metabolic environment of tissues and
is believed to be associated with variations
in loading tolerance within the lumbar
intervertebral disc (IVD)623243444: there-
fore, the measurement of changes in dif-
fusion resulting from intervention may
help to identify important variations in
physiological responses and their poten-
tial relationship to symptoms. 612464749 Tg
is has been suggested that an increase in
diffusion within the nuclear portion of the
lumbar IVD may have a favorable effect
upon LBP; however, this has not yet been
demonstrated. 54+

Diffusion-weighted imaging provides
an estimate of diffusion of water within
specific tissues slices by the calculation
of the apparent diffusion coefficient
(ADC).?1°26 In previous work,!® we found
that measures of the ADC obtained from
the nuclear region in the lumbar IVDs
have excellent reliability. In a follow-up
study, we observed that the ADC of the
L5-S1 IVD was significantly increased

following a 10-minute application of
posterior-to-anterior-directed (PA)
manual pressures applied to the lumbar
spine of people who had a prior history
of LBP. This finding was not present in
the same individuals after they had been
prone for 10 minutes during a separate
session. Based upon this finding, we con-
cluded that PA pressures may generate a
stimulus that results in a rapid, measure-
able increase in diffusion of water within
the nuclear region of the IVD. The clini-
cal meaningfulness of this finding was,
however, unclear, and, because many of
the study subjects were not symptomatic
at the time of testing, we were unable to
make judgments regarding the relation-
ship of this finding to pain.

In the current study, we expand upon
our previous work using a new data set to
address differences between those subjects
who, although assigned to the same treat-
ment-based classification, had different re-
sponses to the same treatment. We chose to
investigate an extension-based treatment
for subjects who we operationally classified
as being a candidate for extension-based
treatment. The treatment consisted of PA
pressures applied to the spinous processes
of the lumbar vertebrae, as described by
Maitland,* followed by the prone press-
up exercise as described by McKenzie.*
We selected this approach because we be-
lieved that it is commonly used in clinical
settings and would provide both actively
and passively generated stimuli that may
influence diffusion within the IVD at the
lumbosacral joint; however, the conflicting
evidence regarding the efficacy and effec-
tiveness of these 2 interventions to reduce
pain intensity!:20:30.3137%39:415051 guogested
that we observe a variation in the immedi-
ate change in pain intensity following this
intervention. Identifying physiologic dif-
ferences in response to these treatments
between those subjects who report an im-
mediate reduction in symptoms and those
who do not, may help explain 1 reason for
inconsistent findings in the literature. This
information will be of great value in the
continual refinement of treatment-based
classification systems.

The purpose of the current study was
to determine differences in the changes
of diffusion of water in the L5-S1 IVD
between those subjects with nonspecific
LBP who reported an immediate reduc-
tion in pain intensity of 2 or greater on
an 11-point (0-10) numeric rating scale
after a 10-minute session of lumbar joint
mobilization followed by prone press-up
exercises, compared to those who did not
report an immediate reduction in pain in-
tensity of 2 or greater on the pain scale.

METHODS

—

Subjects

Inclusion and Exclusion Criteria Study
participants were eligible for enrollment
if they were aged 20 to 60 years and re-
ported a LBP intensity of at least 2/10 on
the verbally administrated numeric rating
scale at the time of testing.*?2% In addi-
tion, subjects had to have clinical signs
and symptoms that suggested that they
might be candidates for extension-based
treatment consisting of PA pressures fol-
lowed by prone press-ups. For the purpose
of this study, we operationally defined a
candidate for extension-based treatment
as a subject whose current symptoms of
LBP were provoked, or increased, and/
or peripheralized (ie, pain was reported
to move from the midline laterally, or to
the buttocks, and/or lower extremity)
with lumbar forward bending?**>°* and
prolonged sitting to a greater degree than
with lumbar backward bending, or walk-
ing. We believed that this finding would
be an indication to evaluate prone press-
ups as a component of treatment.*? In
addition, limited anterior displacement
of the L5 vertebra was subjectively inter-
preted as hypomobile during manual as-
sessment.???® We believed that this finding
would indicate the use of PA pressures as a
component of treatment.*® Lumbar range
of motion was assessed visually but was
not quantified or used to classify subjects.
Potential subjects were excluded if they
had any contraindications for undergoing
MRTI® or lumbar joint mobilization,** had
signs of nerve root compression, a visual
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evidence of a lateral shift of the spine,*
might have been pregnant, or had a his-
tory of inflammatory joint disease, osteo-
porosis, discitis, or neoplastic disorders
of the spine. Additional exclusion criteria
included a history of invasive procedure
to the lumbar spine, or evidence of any
of the following abnormalities visible on
T2-weighted imaging: lumbar disc extru-
sion,” severe nerve compression,’ spon-
dylolisthesis of greater than 4 mm, and/
or sacralization of a lumbar vertebra.

Recruitment Potential subjects were re-
cruited by word of mouth from the local
community. To maximize the likelihood
that interested potential subjects would
be appropriate for this study, they were
initially contacted by a member of the
study team and underwent a prescreen to
determine the presence of inclusion and
exclusion criteria. Eligible potential sub-
jects were then scheduled for an appoint-
ment at the McCausland Brain Imaging
Center, where all data were collected.

Intake Measures and Patient
Classification

At the time of the appointment, poten-
tial subjects initially underwent standard
safety screening for MRI and provided
written informed consent, as approved
by the institutional review board at the
University of South Carolina. Potential
subjects completed a medical screening
form, a pain drawing, the Roland-Morris
Back Pain Disability Questionnaire,>® and
questions regarding the effects of sitting,
walking, standing, and forward and back-
ward bending on their current symptoms.
At this time, potential subjects provided
averbal estimate of pretreatment current
pain intensity using the 11-point numeric
rating scale.’9?>%® The anchor points de-
scribed to each potential subject were,
“How would you rate your current pain
intensity if 0 equals no pain and 10 is the
worst imaginable pain?” Those potential
subjects who were still eligible underwent
a physical examination performed by one
of the authors (P.B.) in a room adjacent to
the scanner. This examination began with
visual assessment of standing posture to
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TABLE 1

IMAGING PARAMETERS

T2-weighted images
Slice thickness
FoV read
FoV phase
TR
TE
Flip angle
Fat and water suppression
Base resolution
Bandwidth
Diffusion-weighted images
b-factor
Voxel size
TE
TR
EPI echo spacing
Bandwidth
Averages (n) acquired to compute the ADC

4mm

280 mm
98.4%
3200 ms
79ms

120°

Not used
512 dpi

257 Hz/pixel

400 s/mm?
2.3X23%23mm
76 ms

6000 ms

073 ms

1628 Hz/pixel

10

echo time; TR, repetition time.

Abbreviations: ADC, apparent diffusion coefficient; EPI, echo planar imaging; FoV, field of view; TE,

exclude those subjects who presented
with a lateral shift. This was followed by
5 repetitions of active lumbar flexion and
5 repetitions of lumbar extension. Sub-
jects who reported peripheralization of
symptoms during lumbar extension or
reported greater pain during lumbar ex-
tension than during lumbar flexion were
excluded.*? Subjects were then positioned
supine, where active range of motion of
hip flexion, hip internal and external ro-
tation, and passive straight leg raising
were determined by visual assessment.
Passive overpressure was applied at the
end of each of these motions. Subjects
who reported distal lower extremity pain
during passive straight leg raising at less
than 45° were excluded.”? Following this,
subjects were positioned prone, and 2
passive PA pressures were applied to the
spinous process of the L5 vertebra to the
end of the available range of motion, as
perceived by the examiner.*® The exam-
iner classified the mobility of the motion
segment as normal, hypermobile, or hy-
pomobile.?®?® Potential subjects classified
as normal or hypermobile, or those who

reported a peripheralization of symptoms
during this maneuver were excluded. The
remaining subjects were classified as can-
didates for extension-based treatment,
and were enrolled in the study.

Imaging Procedure

Subjects were imaged supine with the
hips and knees maintained at 30° of flex-
ion by a bolster positioned behind the
knees. Spin echo techniques, using multi-
element spine coils, were used to obtain
T2-weighted sagittal views. These images
were used to assist in ruling out contrain-
dications for treatment and to classify
the L5-S1 IVD, based upon the presence
or absence of degeneration. Following
this procedure, subjects underwent a
diffusion-weighted MRI scan using a
single-shot, dual spin echo, echo planar
imaging acquisition with multi-element
spine coils and abdominal coils. Images
were obtained using a Siemens Trio 3.0
Tesla MRI scanner at the McCausland
Brain Imaging Center, Richland-Palmet-
to Hospital, Columbia, SC. The imaging
parameters are listed in TABLE 1.
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Extension-Based Intervention

Upon completion of the pretreatment
scan, one of the authors (C.A.) entered the
scan room, removed the subject from the
scanner, and assisted the subject to roll
into the prone position. This author, who
is a fellow in the American Academy of
Orthopedic Manual Physical Therapists,
was blinded to all subject information.
She began the intervention by perform-
ing graded oscillating PA pressures to the
spinous processes of each lumbar verte-
bra, starting with L5 and progressing ros-
trally to L1. Each pressure was performed
using the I-to-IV grading scale described
by Maitland,*° at the highest grade below
the threshold for pain reporting. Two
sets of oscillating pressures of 30 sec-
onds each were performed at each level.
Immediately after the manual therapy
intervention, the patient was instructed
to perform 3 sets of 10 prone press-ups,
using the procedure described by McK-
enzie.*> Upon completion of the inter-
vention, the subject was returned to the
supine position, and re-entered the MRI
for the repeat scans. Upon completion of
the repeat scans, the subject provided a
posttreatment estimate of current pain
intensity using the 11-point numeric rat-
ing scale (FIGURE 1).

Evaluation of Images

Classification of T2-Weighted Signal A
modification of the rating scale devel-
oped by Pfirrmann et al*® that identifies
the presence and degree of IVD degen-
eration based upon the intensity (bright-
ness) and homogeneity of the T2-signal
in the nuclear region was used for this
study as follows: normal, nucleus is ho-
mogenous and bright white, with a clear
distinction between annulus and nucleus;
degenerative, nucleus is inhomogenous
and appears gray or black (FIGURES 2A and
3A).7 Each of the T2-weighted, midsag-
ittal images obtained during the initial
scanning of all subjects were evaluated
independently by 2 of the authors (P.B.
and J.D.) to classify the L5-S1IVD as nor-
mal or degenerative. Consensus between
the 2 examiners was used to address any

Subjects with nonspecific low
back pain, classified as
candidates for extension-
based treatment (n = 20)

y

Pretreatment pain assessment

y

Pretreatment T2- and
diffusion-weighted lumbar
magnetic resonance imaging

y

Treatment: posterior-to-
anterior-directed pressures,
followed by prone press-up
exercises

Posttreatment diffusion-
weighted lumbar magnetic
resonance imaging

Posttreatment pain assessment

v

Classification based on pain
response

/\

Not-immediate responder (n = 10)

Immediate responder (n = 10)

|
FIGURE 1. Study design scheme.

disagreements in classification.

Determination of ADC Values Maps of
the mean ADC were calculated online
by the MRI scanner (FIGURES 2B-C and 3B-
C). After the images were obtained, the
coded files were saved and transferred to
a remote workstation for analysis. The
midsagittal ADC maps were used to ob-

tain measures of the ADC from the cen-
tral, nuclear region of L5-S1 for all scans.
We chose to concentrate on the L5-S1
segment based upon our previous study,
which suggested that this segment dem-
onstrated significant increases in diffu-
sion following joint mobilization, and the
fact that previous research suggests that
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FIGURE 2. Midsagittal images obtained from a 26-year-old male with acute lumbosacral pain who was an

immediate responder to extension-based intervention. (A) Preintervention T2-weighted image. Note the reduced
T2-signal intensity in the nuclear region of the L5-S1 intervertebral disc (arrow). (B) Preintervention apparent
diffusion coefficient (ADC) map of diffusion-weighted images revealed an ADC of 1.14 X 10-° mm?4. (C)
Postintervention ADC map of diffusion-weighted images revealed an ADC of 1.79 X 10 mm?/s.

FIGURE 3. Midsagittal images obtained from a 24-year-old female with acute lumbosacral pain who was not an

UiTe

RPN, <

immediate responder to extension-based intervention. (A) Preintervention T2-weighted image. Note the reduced
T2-signal intensity in the nuclear region of the L5-S1 intervertebral disc that is similar to that seen in FIGURE 2A
above (arrow). (B) Preintervention apparent diffusion coefficient (ADC) map of diffusion-weighted images revealed
an ADC of 1.62 < 10-° mm?/s in the nuclear region of the L5-S1 intervertebral disc. (C) Postintervention ADC map of
diffusion-weighted images revealed an ADC of 1.41 X 10 mm?/s.

this segment is often a pain generator in
individuals with LBP.>9716:18

The ADC values were calculated us-
ing standard software available on the
workstation that assessed signal intensity
within the pixels selected by examiners
using a circular region of interest. Care
was taken to restrict the region of inter-
est to the exact center of the L5-S1 IVD
and to avoid partial volume effect (ie, the
heterogeneity of tissue that could occur
by including the vertebral bodies or end-
plates in the region of interest). Measures
obtained using this technique have been
shown to be reliable, with intraclass cor-
relation coefficients (ICCs) ranging from
0.95 to 0.99 and the standard error of
measure (SEM) ranging from 0.006 to
0.026 X 107> mm?/s (0.1%-5.5%).1°

To reduce measurement bias and to
confirm reliability, 2 different authors
(H.N. and L.B.) obtained all measures

of ADC, while blinded to all subject in-
formation (subject code, date, test con-
dition, and T2-findings). Blinding was
accomplished by a third party who, after
authors H.N. and L.B. left the room, ran-
domly selected each image to be evalu-
ated and placed a file card over all patient
identifiers. Following this, authors H.N.
and L.B. separately entered the room,
obtained measures of the ADC, and re-
corded them on separate data sheets. The
entire process was repeated 1 week later.

Classification of Immediate and
Not-Immediate Responders

Subjects whose posttreatment pain in-
tensity, using the 11-point numeric rat-
ing scale, had a reduction of greater than
or equal to 2/10 when subtracted from
the pretreatment pain intensity were
classified as immediate responders. All
others were classified as not-immediate

responders. The change score of greater
than or equal to 2/10 was chosen because
previous research has suggested that this
represents a likely minimal detectable
change in this scale.'92

Data Analysis

Reliability of Measures of the ADC The
intrarater and interrater reliability of
measures of the ADC obtained by ex-
aminers H.N. and L.B. was calculated
in 2 ways. Absolute agreement between
each set of paired measures was as-
sessed using the average measures ob-
tained from a 2-way mixed-effect ICC.
The likely magnitude of error was then
determined using the SEM, calculated as
SD X \/1-ICC.*® Point estimates and 95%
confidence intervals were calculated for
each of these statistics.

Characteristics of Inmediate Compared
to Not-Immediate Responders To pro-
vide a broader description of our sam-
ple, continuous and categorical variables
representing subject characteristics pri-
or to treatment were assessed. We used
2 approaches to determine the presence
of any differences in these measures
between subjects classified as immedi-
ate responders compared to those clas-
sified as not-immediate responders. An
independent ¢ test was used to assess
between-group mean differences for
continuous variables (age, body mass
index [BMI], Roland Morris score, and
pretreatment measures of pain inten-
sity), and a Pearson chi-square test was
used to determine between-group differ-
ences in frequencies for categorical vari-
ables (duration of current symptoms,
history of prior back problems, presence
or absence of disc degeneration visible
on T2-weighted images, and anatomic
locations of symptoms).

ADC Values of Immediate Compared to
Not-Immediate Responders Pretreat-
ment and posttreatment ADC values

of the nuclear region in the L5-S1 IVD
for subjects in both groups were sum-
marized and tested for assumptions of
normality using the Shapiro-Wilk test.

To determine the presence of significant
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differences in the ADC values between
immediate and not-immediate respond-
ers that occurred over time, we used a
general linear model, repeated-measures,
2-by-2 (time by response group) analysis
of variance (ANOVA), with preinter-
vention and postintervention ADC as

the within-subjects factor and group
assignment (immediate responder

or not-immediate responder) as the
between-subjects factor. This statisti-

cal approach was chosen to allow us to
examine the main effect of treatment,

as well as the presence or absence of a
significant interaction between group
assignment and the preintervention to
postintervention change in ADC. The «
value was arbitrarily set at .05/2 (.025).
To provide an estimate of the strength

of the differences in the within- and be-
tween-group comparisons in ADC values,
we calculated effect sizes using Cohen d.”
All analyses were performed with SPSS
Version 17.0 (SPSS, Inc, Chicago, IL).

RESULTS

Subject Characteristics

TOTAL OF 23 SUBJECTS WERE
Ascheduled for appointment follow-

ing prescreening and evaluated for
potential enrollment in this study be-
tween October 2008 and May 2009. Of
these, 3 potential subjects were asymp-
tomatic at the time of testing and were
not enrolled. The remaining 20 subjects
were classified as candidates for exten-
sion-based treatment and were enrolled
in this study. Of those enrolled in the
study, a total of 12 subjects were female
and 8 were male. Their mean (SD) age
was 30.4 (9.7) years. All subjects were
working full-time at the time of the study
or were full-time students.

Reliability of Measures of ADC

Assessment of intrarater reliability of mea-
sures of ADC yielded ICCs of 0.98 (95%
CI: 0.96-0.99) for examiner H.N. and 0.98
(95% CI: 0.95-0.99) for examiner L.B. The
ICC between examiners was 0.99 (95% CI:
0.98-1.00), with the SEM of 0.005 X 107

PATIENT CHARACTERISTICS FOR THE IMMEDIATE

TABLE 2 AND NOT-IMMEDIATE RESPONDER GROUPS*
Subject Characteristic Immediate Responder Not-Immediate Responder
Age (y) 331(12.3) 278 (5.7)

Body mass index 251(6.2) 219 (4.2)
Roland-Morris score (0-24) 42 (2.7) 32(2.3)
Pretreatment pain (0-10) 38(15) 35(12)
Average pain on typical day (0-10) 34(18) 36(13)
Highest pain on a typical day (0-10) 70 (1.3) 69 (L5)
Lowest pain on a typical day (0-10) 17 (1.8) 15(L4)

expressed as mean (SD).

* There were no significant differences in the mean values between the 2 responder groups. Data are

TABLE 3

FREQUENCY COUNTS OF PATIENT
CHARACTERISTICS FOR THE IMMEDIATE
AND NoT-IMMEDIATE RESPONDER GROUPS

Immediate Not-Immediate

Subject Characteristic Description Responders Responders
Duration of current episode 2mo or less 6* 0

More than 2 mo, less than 6 mo 0 1

6 mo or longer 4 9*
Lifetime history No back problems before current episode 4 5

Previous back problems before current episode 6 5
Anatomic location of symptoms Low back only 5 6

Low back as well as buttock and/or thigh 5 4
Decreased T2 signal at L5-S1 Yes 6 5
intervertebral disc

No 4 5

* Significant difference P<.05.

mm?/s (95% CI: 0.00-0.01 X 107 mm?/s)
representing a mean error of approximate-
ly 1.4% for interrater reliability.

Comparison of Sample Characteristics
Between Immediate and Not-Immediate
Responders

Ten subjects (5 males and 5 females) had
a reduction in pain intensity of greater
than or equal to 2/10 immediately fol-
lowing treatment and were classified as
immediate responders. The remaining 10
subjects, 3 of whom were male and 7 of
whom were female, were classified as the
not-immediate responders. There were
no significant between-group differences
in age, BMI, Roland-Morris scores, or
pretreatment pain reports (TABLE 2). Six

of those subjects classified as immediate
responders reported that the duration of
their current episode of symptoms was
less than 2 months, while 9 out of 10 of
those subjects classified as not-immedi-
ate responders reported that the duration
of their current episode of symptoms was
greater than 6 months (32 = 8.92, df = 2,
P =.012). There were no other pretreat-
ment differences in self-report measures,
nor were there differences in the fre-
quency of reduced T2-signal intensities
between these groups (TABLE 3).

Comparison of ADC Values Between

Immediate and Not-Immediate Responders
A significant interaction between re-
sponse group and time was present
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THE APPARENT DIrFrFusioN COEFFICIENT (ADC) FOR

TABLE 4 THE IMMEDIATE AND NOT-IMMEDIATE RESPONDER
GROUPS BEFORE AND AFTER TREATMENT*
Total Sample Immediate Not-Immediate

Subject Classification (n=20) Responder (n=10)  Responder (n=10)
Mean (SD) pretreatment ADC 1.89(0.19) 191 (0.20) 1.86 (0.18)
Mean (SD) posttreatment ADC 191(0.21) 199 (0.15) 1.83(0.23)
Mean (SD) change in ADC 0.03 (0.09) 0.08 (0.08) -0.03 (0.07)
Percent change in mean ADC 1.60% 4.20% -160%
95% confidence interval of change in mean ADC -0.02-0.07 0.03-0.14 -0.08-0.07

* ADC is expressed in units of X 10~ mm?/s.

(F = 10.05, df = 18, P = .005), suggest-
ing that the immediate responder group
had a greater change in ADC than did the
not-immediate responder group. Prior to
treatment, the mean ADC of the imme-
diate responder group was 1.91 X 107
mm?/s, while that of the not-immediate
responder group was 1.86 X 10-* mm?/s.
Following treatment, the mean ADC for
the immediate responder group was 1.99
X 107 mm?/s, while that of the not-im-
mediate responder group was 1.83 X 107
mm?/s. This represented a 4.2% increase
in the mean ADC for the immediate re-
sponders and a decrease of 1.6% for the
not-immediate responders (TABLE 4). The
posttreatment effect size difference in
ADC between these groups was 0.36.

DISCUSSION

N OUR SAMPLE, SUBJECTS WHO WERE
Iclassiﬁed as candidates for extension-

based treatment and who reported a
reduction of pain intensity immediately
following a treatment of manually applied
PA pressures followed by prone press-up
exercises had a small (4.2%) but signifi-
cant mean increase in the diffusion of wa-
ter within the central, nuclear area of the
lumbar L5-S1 IVD. Those subjects who
were classified as candidates for exten-
sion-based treatment but did not report a
reduction in pain intensity of greater than
or equal to 2/10 following treatment had
no change in the ADC. These results, al-
though preliminary, suggest the potential
for a linkage between changes in diffusion

of water within the L5-S1 IVD and patient
reports of changes in pain immediately
following the application of an extension-
based treatment approach that combines
manual therapy and exercise. This may il-
lustrate 1 physiologic mechanism by which
analgesia results in some patients imme-
diately following lumbar PA pressures fol-
lowed by prone press-up exercises.

The reasons for the observed differenc-
es in diffusion between the 2 responder
groups is unknown. One potential reason
may relate to variations in changes in in-
tersegmental range of motion following
treatment. Powers et al,”® using a sample
similar to ours, examined the effects of
PA pressures compared to prone press-
up exercises on intersegmental motion
by calculating a series of intervertebral
angles from T2-weighted images of prone
subjects before and after treatment. The
authors reported an association between
increased total lumbar extension and re-
duced pain scores immediately following
intervention. Thus, it is possible that im-
mediate responders in our study may have
had greater improvements in segmental
or total range of motion of the lumbar
spine compared to the nonresponder
group; however, we did not obtain these
measures. Another potential reason for
between-group differences in diffusion
and pain reduction may be that those
subjects who did not report pain during
PA pressures were more likely to receive a
higher magnitude of pressures (grade III
and grade IV), while those subjects who
reported pain were more likely to receive

grade I and grade II pressures.™

Because of the preliminary nature of
our findings, it is difficult to determine
their immediate clinical relevance. De-
scribing the physiologic effects of lumbar
manual therapy has great importance
relative to refining the current appli-
cations of these techniques and to the
development of future approaches to
manual therapy. This will require a mul-
tistage series of investigations that assess
biomechanical, morphologic, and elec-
trophysiologic changes that result from
various applications of manual therapy.
Future work related to the present study
will assess longitudinal changes in diffu-
sion and relate them to T2 signals, pain
response, intersegmental motion, and
psychobehavioral variables.

Several limitations to the current
study should be acknowledged. The in-
tent was to provide preliminary evidence
to guide further, larger clinical trials. It is
important to note that we only assessed
the immediate change in reported pain
intensity. We are unable to make any
judgments from our data regarding the
association between our intervention and
longer-term changes in reported pain
intensity. Our small sample was one of
convenience and represented individu-
als with relatively low pain intensities
and degrees of activity limitation. It is
not known if our findings would be re-
produced in larger, more heterogeneous
samples of subjects with LBP. Thus our
findings lack external validity relative to
the overall population of people receiving
care for LBP. An additional limitation of
our study is that our measures of the ADC
represent only the center, midsagittal
portion of the L5-S1 disc; further study
that assesses the entire disc using a 3-D
representation is needed.

CONCLUSIONS

who were classified as being candi-
dates for extension-based treatment,
the report of an immediate reduction in
pain intensity of 2/10 or greater following

IN A GROUP OF SUBJECTS WITH LBP,
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a treatment of PA pressures followed by
prone press-up exercises was associated
with an increase in diffusion of water in
the nuclear region of the L5-S1 IVD. Sub-
jects who did not report a pain reduction
of 2/10 or greater did not have a change
in diffusion. ®

Il KEY POINTS

FINDINGS: Patients with nonspecific LBP
who were classified as candidates for ex-
tension-based treatment to the lumbar
spine received a treatment of lumbar PA
pressures followed by prone press-up
exercises. The patients who reported a
decrease in their pain of 2/10 or greater
had evidence of an increase in diffusion
of the nuclear region of the L5-S1 inter-
vertebral disc, while those who did not
report a decrease in pain of 2/10 greater
had no change in diffusion at the L5-S1
level.

IMPLICATION: These findings suggest a re-
lationship between changes in diffusion
within the IVD at L5-S1 and changes

in pain intensity for patients with non-
specific LBP. This may explain one
mechanism by which manual therapy
treatment could have an immediate ef-
fect on pain reports.

CAUTION: These findings are preliminary
and may not be applicable to other
groups of patients with nonspecific LBP.
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