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Abstract

Background—It is unknown if low back pain (LBP) outcomes are enhanced by classification-
specific treatment based on the Movement System Impairment classification system. The
moderating effect of adherence to treatment also is unknown.

Objectives—Compare the efficacy of a classification-specific treatment (CS) and a non-
classification specific (NCs) treatment and examine the moderating effect of adherence on
outcomes.
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Design—2 center, 2 parallel group, prospective, randomized, clinical trial.

Method—~Participants with chronic LBP were classified and randomized. Self-report data was
obtained at baseline, post-treatment, and 6 and 12 months post-treatment. The primary outcome
was the modified Oswestry Disability Index (mODI; 0-100%). Treatment effect modifiers were
exercise adherence and performance training adherence. An intention to treat approach and
hierarchical linear modeling were used.

Results—A47 people received CS treatment, 54 people received NCs treatment. Treatment
groups did not differ in mODI scores (p>.05). For both groups, scores improved with treatment
(0<.05), plateaued at 6 months (£>.05), and minimally regressed at 12 months (p<.05).
Performance training adherence had a unique, independent effect on mODI scores above and
beyond the effect of exercise adherence (p<.05). There were no treatment group effects on the
relationship between mODI scores and the two types of adherence (p<.05).

Conclusions—There were no differences in function between the two treatment groups (CS
and NCs). In both treatment groups, people with chronic LBP displayed clinically important long-
term improvements in function. When both forms of adherence were considered, the
improvements were uniquely related to adherence to performance training.
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INTRODUCTION

At least 60%-80% of adults will experience mechanical low back pain (LBP) in their
lifetime [ and almost 50% of them will have had an episode of LBP by age 30.[2]
Recurrence rates within a year of LBP onset are as high as 78% [3! and recovery rates are
poor.[4 5] Chronic LBP is the most common type of chronic pain in adults®] and its
prevalence is increasing.[®: 7 Thus, for many people LBP is a long-term, function-limiting
condition rather than a short-term, self-limiting condition.[4 8-11]

Currently exercise is one of the primary non-surgical approaches used for managing
LBP.[12-15] For chronic LBP exercise is as efficacious, if not more efficacious than (1) no
treatment, (2) usual care, and (3) many other treatments such as massage or laser
therapy.[12. 13, 16-19] Degpite the accumulating evidence for the beneficial effects of exercise
in chronic LBP there is no evidence that any particular type of exercise is clearly and
consistently more efficacious than any other, particularly with regard to long-term
outcomes.[25] Some have suggested that the lack of evidence for any one treatment is the
result of investigators studying imprecisely defined groups of people with LBP [20-23] and
prescribing inadequate doses.[16: 24. 25 The proposed solution is to focus on people with
LBP who have been classified based on clinically-relevant variables[?L: 23. 26] and to provide
effective doses of treatments.

One system that was developed to classify a person’s LBP is the Movement System
Impairment (MSI) classification system.[27: 28] The premise underlying the classification
system is that LBP develops because people repeatedly use direction-specific, stereotypic
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movement and alignment patterns of the lumbar spine across their day. The patterns are
characterized by the lumbar spine moving more readily than other joints during performance
of movements or assumption of postures. Use of the same patterns is proposed to contribute
to sub-failure magnitude loading that, over time, contributes to LBP symptoms. Patterns are
identified during a defined examination[29-31] as well as during performance of symptom-
provoking functional activities. The findings are then used to classify the person’s

LBP.[29. 32-34] The LBP categories are named for the altered movements and alignments that
are (1) displayed consistently across clinical tests, and (2) associated with symptoms.[27: 28]
Modification of the specific patterns associated with the person’s LBP classification is
addressed through exercises and training to change performance of direction-specific
movements and alignments during functional activities. Reliability of examiners to classify
using the system has been documented.[32-36] Various aspects of the validity of the system
also have been tested.[28: 35-38] The system is used widely but there is no evidence that
outcomes are enhanced by classifying and providing classification-specific treatment.

One factor that affects the dose of treatment in people with chronic LBP is treatment
adherence. [3% There is evidence that emphasizing adherence to activity-based treatments
results in higher doses of treatment and better outcomes than are achieved without an
emphasis on adherence.[16. 401 Despite improved outcomes and recommendations to
examine the effects of adherence on outcomes!13. 16, 17. 24, 41] examination of the moderating
effects of adherence on outcomes in people with chronic LBP is rarely examined.

The purpose of this study was to (1) compare the efficacy of Classification-Specific (CS)
treatment and Non Classification-Specific (NCs) treatment, and (2) examine the moderating
effects of adherence on outcomes in people with chronic LBP. We hypothesized that the (1)
CS group would demonstrate greater improvement in function than the NCs group, (2) the
classification subgroups receiving CS treatment would demonstrate greater improvement in
function than the classification subgroups receiving NCS treatment, and (3) adherence
would moderate the effect of treatment on outcomes.

METHODS

Study Design

Our study was a 2-parallel group, 2-center, prospective, single blind, randomized clinical
trial in people with chronic LBP. Duration of treatment was 6 weeks; data were collected
before and immediately after treatment, and 6 and 12 months later. Recruitment spanned
February 2007 through August 2009. Final follow-up outcomes were collected in October
2011. The study events are in Figure 1. The trial was funded by grant RO1 HD047709-04
from the National Institute of Child Health and Human Development. The protocol used for
the trial was approved by the Human Research Protection Office at X (IRB #: 201107034).
The trial ended upon attainment of all of the 12 month outcomes. There were no changes to
the trial design after commencement of the study. The trial was registered on
Clinicaltrials.gov (NCT00802724).
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Setting and Participants

Recruitment strategies included placing flyers in the local community and in physician
offices, and placing ads in local media. Testing was conducted in the X. Data were collected
using self-report measures, laboratory instruments, and a defined clinical exam.[29-31] When
treatment visits were completed, self-report data were collected via electronic mail 6 and 12
months later.

People included were between 18 and 60 years, had chronic LBP for at least 12 months,
were able to (1) stand and walk without assistance, (2) understand and read English, and (3)
understand and sign a consent form. People excluded were in an acute flare-up,[®l had a
history or diagnosis of spinal deformity, disc herniation, pain or paresthesia below the
knee,[42. 431 systemic inflammatory condition, primary hip problem, other serious medical
condition, reported any spinal fracture or surgery, displayed magnified symptom
behavior,[44] were pregnant, receiving worker’s compensation or disability benefits, were
involved in pending litigation for their LBP, or referred from a specialized pain clinic.

Classification of Low Back Pain

The MSI LBP categories that could be included were lumbar flexion, lumbar extension,
lumbar rotation, lumbar flexion-rotation, and lumbar extension-rotation.l27] Each
participant’s LBP was classified based on the results of a trained therapist’s clinical
exam.[32-34, 36] Sjx people whose LBP the therapist could not classify were not enrolled.

Randomization

The sample was stratified based on LBP category. Randomization was conducted separately
for each clinic using a computer-generated list of random numbers provided by an
investigator (MJS) who was not involved in outcome assessment. The randomization scheme
was prepared before the trial began and was followed throughout the trial. For each clinic,
group assignments were placed in sequentially-numbered, sealed envelopes. Envelopes were
separated into 5 groups corresponding to the 5 LBP classifications. Upon completion of the
initial visit, the participant was assigned to a clinic. Then the clinic’s office assistant drew
the participant’s treatment assignment based on the LBP classification and scheduled the
clinic visit. Participants were not masked to treatment assignment.

Treating Therapists

Table 1 provides the characteristics of the therapists. Each therapist was trained by one of
the investigators (LVD) to implement one of the treatment protocols (CS or NCs). Training
included 8 hours of review of a procedure manual and practice in treatment implementation,
progression, and documentation. Each therapist was required to pass a written and practical
exam annually. Charts were audited for treatment fidelity by a person not involved in
outcome assessment. NCs therapists were masked to LBP classification. Therapists were not
masked to treatment assignment.
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Overview of Treatment Conditions

Treatment was provided at 2 outpatient physical therapy clinics; a university-based clinic
and a private hospital. Both treatment conditions included 3 components: education,
exercise, and training to modify how functional activities were performed, hereinafter
referred to as performance training. In the CS condition, treatment items were selected based
on the participant’s LBP classification; in the NCs condition, analogous generic items were
used. Participants in both treatment groups attended 1 hour sessions weekly for 6 weeks.
Equal time was devoted to the 3 treatment components until participants learned the
educational principles. Time then was divided equally between exercise and performance
training.

Progression was based on the participant’s ability to perform the appropriate number of
repetitions of an item independently.[4] At the 1st visit, participants were given a home
program. The program was progressed based on defined criteria (Supplemental Digital File
1).[45. 48] For exercises that could no longer be increased in difficulty, the participant was
instructed to perform the exercise repeatedly to increase endurance based on ACSM
guidelines. At the final treatment visit, participants were instructed to continue their home
program (Supplemental Digital File 1).

Classification-Specific Condition

The 3 components of the CS treatment were aimed at the movement and alignment patterns
consistent with a participant’s specific LBP classification. Exercises and positioning were
prescribed for control of symptoms and for movement control. Performance training
included instruction and practice in modifying the patterns used with specific, symptom-
provoking activities. The primary goals of training were to teach each participant to (a)
move the lumbar spine later and reduce the amount of lumbar spine movement in the
directions related to the participant’s classification, (b) increase use of other joints such as
the hips and knees, and (3) avoid end-range positioning of the lumbar spine in the directions
related to the participant’s classification.

Non Classification-Specific Treatment Condition

The 3 components of the NCs prescription were derived from the literature.[47-53] Exercise
was directed at improving the strength of all of the trunk muscles and improving trunk and
lower limb flexibility in all planes of motion. All exercises were progressed based on ACSM
guidelines.[6] Performance training involved instruction and practice of activities described
in a booklet entitled “Managing Back Pain”.134 The primary goal of training was to teach
the participant to maintain the “normal spinal curves” during performance of activities and
assumption of postures.

Outcomes and Follow-up

Outcomes were measured at baseline, after the last treatment visit, and 6 and 12 months later
(Table 2). Testers were masked to treatment assignment throughout the study duration. A
subset of the self-report outcomes also was completed at each treatment visit. The primary
outcome was LBP-related functional limitation measured with the modified Oswestry
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Disability Index (mODI).[5] The treatment effect modifiers were adherence to (1) exercise,
and (2) performance training.

Secondary outcomes included (1) the Numeric Pain Rating Scale,[56] (2) medication use, (3)
LBP-related time off,[>7] (4) activity level,[®8 591 (5) the Fear Avoidance Beliefs
Questionnaire (FABQ),[60-631 (6) the Short Form-36,[64-66] and (7) satisfaction with care.[67]

Adherence

A self-report measure was used to assess adherence. Each day during the treatment phase,
participants recorded their adherence to (1) exercise, and (2) performance training
separately. Specifically, they recorded the percentage (0—100%) of exercises and the
percentage of performance training activities they performed as instructed by their therapist.
In addition, at the beginning of each treatment visit, the therapist asked the participant to
provide a verbal estimate of his ‘average’ adherence (0—100%) to each of the treatment
components since the prior visit. Consistency between the two adherence reports was
examined. Adherence measures for exercise and performance training also were obtained by
self-report at 6 and 12 months after treatment.

Statistical Analysis

The sample size was based on a power analysis using a general linear model framework.
Because there were no prior studies that had examined the effect of treatment based on the
MSI model the effect size chosen was based on a range of effect sizes obtained in past
research.[47: 49. 68, 691 The assumption was that, given the targeted nature of a classification-
based treatment, the MSI-directed treatment would have at least the same effect size as
obtained in past studies. The basic design assumed a treatment effect within any time period
equal to 10% of the primary outcome variance explained, with 8 degrees of freedom in the
model (2 treatment groups (1 df), 3 classifications (2 df), and an interaction component
reflecting how treatment could depend on classification (2 df)). In addition, the analysis
assumed that 3 additional variables would be controlled. A .05 level of significance (2-
tailed), a minimum power of .80, and a dropout rate of 20% was assumed. The required
sample size was approximately 100 cases (17/cell of the basic 2X3 design).

We used an intention to treat approach and hierarchical linear modeling (HLM) to examine
longitudinal effects.[’0~73] HLM is appropriate for longitudinal data that contains differing
intervals between measurements, different patterns of missing data, inclusion of time-
varying covariates, and outcomes that can be either continuous or categorical. Missing data
were addressed via maximum likelihood estimation and multiple imputation. Because
conclusions were similar using each approach, the results from the simpler maximum
likelihood approach are reported.[74: 75]

HLM is a regression modelling approach that seeks to represent the probable path for
participants over time. It does this by constructing a model of response at (in our case) two
levels. For each measure, individual outcomes over time were modeled at Level 1 and
moderators of individual outcome trajectories (i.e., treatment and LBP classification;
adherence) were modeled at Level 2. Each Level 1 analysis estimated each individual’s
intercept, linear component, and quadratic component for the outcome (e.g., mODI scores)
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trajectory over time. At Level 2, the variability in the coefficients for the intercept, the linear
component, and the quadratic component from Level 1 were modeled as a function of group
membership (using dummy variables). Specific contrasts of the Level 2 dummy variables
were calculated to test for the (1) main effects of treatment and classification, and (2)
interaction between them. Models were tested using 3 locations for the time variable. This
has the effect of changing the interpretation of the intercept (it is the estimated outcome at
the time locations) and the linear parameter (it is the instantaneous rate of change at the time
location).

Results for the HLM analyses for mODI scores and the 2 types of adherence are provided in
Tables 3-5 and Figures 2—4, and for the secondary outcomes in Tables 1-11 and Figures 1-
11 (Supplemental Digital File 2). Within each table, results for the 3 Level 1 parameters
(intercept, linear, and quadratic) of the model are provided for the 4 groups (CS Rot, CS
ExtRot, NCs Rot, NCs ExtRot ) at each of 3 data collection points (post-treatment, 6 and 12
months post-treatment). The beta coefficients for the intercept are the expected scores for the
outcome measure at the data collection point. The beta coefficients for the linear component
are the slopes of the tangents to the curves at the data collection point and can be interpreted
as the rate of change in the outcome at that point. That is, the coefficients indicate for a
specific time point (1) whether the outcome scores are increasing or decreasing, and (2) the
rate of that increase or decrease. The beta coefficients for the quadratic component indicate
the rate at which the linear component of the curve is changing; these results are not
dependent on the time point analyzed and indicate the nature and magnitude of
curvilinearity. Each parameter has a standard error as well as a significance test indicating if
the parameter is different from zero. These are relevant for the linear and quadratic
components (the intercepts will usually be different from zero given the scaling of the
measures). It is also possible to compare the parameters estimated for the 4 different groups;
these comparisons (chi square tests in HLM) are indicated by superscripts to the subsection
headings. The particular comparisons reported correspond to the main effects and the
interaction of treatment group and classification group. Also reported is a test of significance
for the grand mean of the linear component and of the quadratic component. These collapse
across all groups and indicate the significance of the overall outcome trajectory parameters.

In addition to these basic analyses, other analyses included adherence as a time-varying
predictor of treatment outcome at Level 1. Average individual levels of adherence were also
explored in the Level 2 analyses as a moderator of Level 1 parameters.

RESULTS

Study Recruitment and Follow-up

Of the 1395 volunteers who were interviewed (Fig. 1) 155 were eligible for inclusion. After
the initial testing at baseline, 54 volunteers were excluded. The remaining 101 participants
were assigned to groups randomly. The drop-out rate across the study was 23%. There was
no significant difference in the percentages of drop-out between the 2 treatment groups (t=
-2.08, df=4, p=.15). Three participants were excluded after completion of all data collection;
one because he was missing the classification assignment and 2 classified as lumbar flexion-
rotation. These participants were not included in the data analyses (Fig. 1).
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Baseline Characteristics and Satisfaction with Care

There were no significant differences in characteristics among the four treatment/
classification groups (Table 6). The NCs Rot group reported less satisfaction with care after
the treatment phase compared to the CS Rot group (p<.05).

Adherence

The self-reported estimates of average adherence obtained during clinic visits were very
consistent with the participants’ daily logs. The correlations between the mean values of
daily reported adherence and the participant’s ‘average’ estimate were .96 and .94 for
performance training adherence and exercise adherence, respectively. The mean values were
likewise very similar: (performance training adherence: daily: 79+15%; average: 78+15%,
t=2.26, df= 92, p=.03; exercise adherence: daily: 79+17%; average: 79+16%, t= 0.58, df=
92, p=56).

Treatment Effects

mODI-related analyses (Table 3). The tests of the grand means indicated significant overall
curvilinearity and significant overall linear effects at each of the 3 time points (s<.05; Fig.
2a). The effects were a result of mODI scores improving at post-treatment (significant
negative linear slopes for all 4 groups), plateauing at 6 months (linear slopes no longer
significant for 3 of the groups and much less negative for the remaining group), and
regressing at 12 months (positive slopes for all groups; significantly so for 3 of the groups).
The specific group comparisons (group parameter comparisons indicated by superscripts in
Tables) indicated that there were no significant treatment group differences, but there were 2
classification group differences in the slopes (ps<.05; Fig. 2b). At 6 months the ExtRot
group was plateauing whereas the Rot group was still improving (ExtRot: mean =-.012;
Rot: mean p=-.152, p<.05), and at 12 months the ExtRot group was regressing more rapidly
than the Rot group (ExtRot: mean $=.814; Rot: mean f=.376, p<.05). Thus, compared to the
Rot group, the pattern of plateauing and regressing was occurring earlier for the ExtRot
group. Adherence-related analyses (Table 4 and 5). Performance training adherence declined
less (~ 79% to 62%) than exercise adherence (~ 80% to 40%). Performance training. The
test of the grand mean for overall curvilinearity was significant (0<.05). The effect was the
result of no change in performance training adherence at post-treatment (non-significant
overall linear effect, p>.05), followed by decreasing adherence at 6 and 12 months
(significant negative overall linear effects, ps<.05). There were 3 significant group
differences (ps<.05). At post-treatment, performance training adherence was decreasing for
the CS group (negative linear effect: mean p=-0.420) but increasing slightly for the NCs
group (positive linear effect: mean f=0.160, 0<.05; Fig. 3a). At 12 months, performance
training adherence was decreasing at a faster rate for the ExtRot group than for the Rot
group (negative linear effect: ExtRot: mean f=-1.003, Rot: mean =-0.495, p<.05). At 6
months, the ExtRot group had a lower expected adherence score (intercept value) than the
Rot group (ExtRot: mean B=71%; Rot: mean f=76%, p<.05; Fig. 3b). Exercise. The tests of
the grand means indicated significant overall curvilinearity and significant linear effects at
each of the 3 time points (0s<.05; Fig. 4). Exercise adherence began to decline immediately
in the treatment phase and the decline was significant at each follow-up. The decrease in
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adherence, however, lessened over time (post-treatment, mean f=-1.382; 6 months, mean p=
-0.919; 12 months, mean 3=-0.434). There were no significant treatment or classification
group differences (ps>.05). Taken together, the results indicate that participants in both
treatment groups adhered more, and longer, to the performance training than to exercise.
Moderating effects. Because treatment effects are dependent on adherencel3%] we examined
the relationship between adherence and mODI scores by including adherence as a Level 1
predictor. When each adherence measure was analyzed separately, both exercise adherence
(B=-.042) and performance training adherence (p=—.091) were related to mODI scores
significantly (ps<.05) and independently of time-based changes in mODI. The more a
participant adhered, the greater the improvement in mODI scores. When both forms of
adherence were considered together in the same model, however, only the effect of
performance training adherence on mODI scores was significant (3=—.082, p<.05). Exercise
adherence did not have a significant relationship (3=—.020, p>.05) with mODI scores
separate from performance training adherence. There were no significant treatment group,
classification group, or treatment x classification group interaction effects on the
relationship of mODI scores and adherence (ps>.05). Additional analyses indicated that,
independent of time-based changes, the two forms of adherence shared only 10% of their
variance, indicating relative independence. Also, when individual-level adherence averages
were created, the two forms of adherence correlated .47, also suggesting that the two forms
of adherence are relatively unique.

Secondary Outcomes

Three patterns of results emerged from the HLM analysis for each secondary outcome
(Supplemental Digital File 2). For Pattern 1, the outcome improved at post-treatment,
plateaued at 6 months, and regressed to varying degrees at 12 months; relevant outcomes
were the numeric pain ratings and the FABQ work subscale. For Pattern 2, the outcome
improved over time; relevant outcomes were medication use, LBP-related time off, and the
SF-36 physical component summary. For Pattern 3, the outcome changed minimally over
time; relevant outcomes were the Baecke activity questionnaire, the FABQ physical activity
subscale, and the SF-36 mental component summary.

Additional Exploratory Analyses

The individual-level adherence averages referred to previously also were explored as
individual moderators of outcomes and as moderators in combination with treatment and
classification groups. These analyses, using analysis-wide protection of the Type | error rate,
produced no consistent results and are not reported further.

Adverse Events

No serious adverse events were reported. The one non-serious, treatment-related, adverse
event was a worsening of LBP with exercise for one of the NCs participants. The 4 other
non-serious adverse events included 2 bouts of influenza, 1 increase in stress, and 1 injury
unrelated to LBP.
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DISCUSSION

Although there were no differences in function between the two treatment groups (CS vs.
NCs) people in both groups displayed a clinically meaningful improvement in LBP-related
function during the treatment phase, and at 6 and 12 months despite a slight regression in the
final 6 months (Fig. 2a).l”6: 77] There was a difference in function between the two LBP
classification groups. Compared to the ExtRot group, the Rot group was improving at a
faster rate at 6 months and regressing at a slower rate at 12 months (Fig. 2b). Adherence to
exercise differed from adherence to performance training. In both treatment groups, exercise
adherence declined more and faster than performance training adherence. In addition,
compared to the ExtRot group, adherence to performance training for the Rot group was (1)
higher at 6 months, and (2) declining at a slower rate at 12 months; these effects parallel the
differential effects of classification group on function. Thus, the group that adhered more to
performance training at 6 and 12 months also had better function at those time points.
Finally, adherence to performance training had a unique, independent effect on function that
was above and beyond the effect of exercise adherence; specifically, the more a person
adhered to performance training the more the mODI scores improved and vice versa. The
relationship between mODI scores and performance training adherence was the same
irrespective of a participant’s treatment or classification group assignment. These findings
are important because people with chronic LBP not only benefited from practicing precise
performance of everyday activities, but they also did it more and longer than they did the
exercises.

Our study is the first to examine the differential effect of a CS treatment based on the MSI
classification system for LBP and a generic, NCs treatment. We did not find the differences
we hypothesized between the 2 groups. The unexpected similarity in outcomes for the 2
treatment groups may have been related to unanticipated similarities in performance
training. For both groups decreasing the amount of lumbar spine movement and avoiding
end-range positioning of the lumbar spinel’8] was emphasized. The differences were that
people in the CS group were told (1) the specific direction(s) of lumbar spine movement or
alignment to modify, and (2) to modify performance of individual activities to decrease
symptoms. The likelihood that the similarity in performance training across groups
confounded our results is increased given the differential levels of adherence; for both
treatment groups levels of adherence to performance training were relatively high, but levels
of exercise adherence dropped sharply across time. Thus, participants adhered most to the
aspects of treatment that were similar across groups and adhered least to those that were
dissimilar.

In a study of people with chronic LBP Henry et all79] examined the effects of treatments that
were either matched or unmatched to a person’s LBP category. First, each participant was
classified as “stabilization eligible or ineligible” based on the Treatment-Based
Classification (TBC) System criteria and then everyone in each TBC group also was
classified into an MSI LBP subgroup.[27: 80, 81] pegple in 3 of the 4 groups received matched
treatment as follows: (1) people classified as TBC-stabilization eligible received the TBC
stabilization treatment, (2) people classified as TBC-stabilization eligible were treated based
on their MSI classification, and (3) people classified as TBC-stabilization ineligible were
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treated based on their MSI classification. The unmatched group received the TBC
stabilization treatment. The authors reported that (1) both the matched and the unmatched
treatment groups improved, and (2) there were no differences in outcomes between the 2
groups either immediately or 12 months after treatment. Given the complexity of the study’s
design, we assume the authors intended to test the differential effects of treatment matched
to each system, TBC and MSI, but they were unable to do so because of inadequate
statistical power. Thus, the results are confounded and the specific effect on outcomes of
matching treatment to an MSI category cannot be inferred based on the Henry study.
Furthermore, all of the matched treatments appear to have been focused on the same goal of
improving control of trunk movement and posture so it is unclear why differences would be
expected. By contrast, we compared exercise for control of trunk movement and posture
based on a participant’s MSI classification to exercise for strength and flexibility. Based on
post-hoc examination of the treatment protocols, however, we discovered that people in both
groups received instructions for performance training that both emphasized reducing the
amount of lumbar spine movement and avoiding end-range positioning of the lumbar spine
during activities, which may account for attenuated differences between groups. Finally,
although adherence to treatment was measured in the Henry study, no data was reported for
(1) levels of adherence across the study period, (2) adherence to exercise versus performance
training, or (3) the moderating effect of adherence on outcomes. Consequently, it is not clear
if the lack of differences in outcomes between the matched and unmatched treatments were
the result of differences in adherence between the two treatment conditions.

Recall bias is an intentional or unintentional differential recall of past events or experiences.
The difference in amount and rate of decline between the two types of adherence could be a
result of differential recall. The repetitive nature of performing everyday functional activities
could have made performance training more salient to the participants than exercise. The
result would be reports of higher and more long-lasting adherence to performance training.
On the other hand, the repetitive nature of everyday functional activities suggests that
participants would have had multiple opportunities to practice performance across the day.
Given such circumstances, the participants would be adhering more to the performance
training than to the exercise. Thus, a potential advantage of performance training as a
component of treatment is that the participant can achieve a high dose, having the potential
to contribute more to improvement in outcomes than exercise.

To our knowledge, this is the first study to examine the effects of adherence to separate
components of treatment, exercise versus performance training. Separate measures allowed
us to examine which component people adhered to the most, and the potential impact of
each type of adherence. Only performance training adherence had a unique, independent
effect on modified Oswestry scores. The critical importance of this unique effect is evident
in the comparisons between the Rot and ExtRot groups, wherein, differential changes in
mODI scores paralleled the differences in performance training adherence over time (Fig. 2b
and 3b). In addition, at the individual level the relationship between performance training
and exercise is small, with less than 10% of shared variance between the two types of
adherence. Thus, the two adherence measures are capturing relatively unique behaviors.
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Although we examined all people with LBP that met our inclusion criteria, the sample
primarily consisted of people classified as Rot or ExtRot (Table 6). There were two people
classified as FlexRot. The small number, however, prohibited including the FlexRot cases in
the analyses. The distribution of classifications is not atypical of other studies that classified
people using the MSI system.[28. 32,33, 791 The narrow distribution of LBP classifications
may be because the focus of studies has been on people with chronic LBP that were not
acutely involved. Generalizability of our findings, therefore, is limited to the LBP
classifications studied.

One limitation is that therapists administered explicitly defined treatments that may not be
used typically. All therapists also used a defined set of criteria for progression.[4%] The
effects obtained, however, indicate that use of defined treatments and specific criteria for
progression for any treatment protocol may be important for attaining a consistent and long-
lasting improvement in outcomes. A second limitation is the sample included people who
were not in an acute flare-up, had moderate levels of functional limitation and pain, and did
not report elevated levels of fear avoidance behavior (Table 6). Thus, we do not know the
generalizability of the findings to people with (1) specific pathoanatomical conditions, (2)
more severe LBP or functional limitation, or (3) substantial behavioral and psychological co-
morbidities.[44] A third limitation is that we did not include a no-treatment group. Thus, we
cannot exclude the possibility that a no-treatment group would have had similar outcomes as
obtained in the 2 treatment conditions provided.

CONCLUSIONS

There were no differences in function between the two treatment groups (CS and NCs). In
both treatment groups people with chronic LBP displayed clinically important long-term
improvements in function, and the improvements were uniquely related to performance
training. These findings suggest that attention should be given to training people with
chronic LBP to modify how they perform everyday functional activities by avoiding
extremes of lumbar spine posture and reducing the amount of lumbar spine movement used
while increasing use of other joints to accomplish tasks. Attention to performance training is
particularly key because (1) people adhere to the training for prolonged periods of time, and
(2) the training results in improved short-term, but more importantly, long-term outcomes.
Such an outcome is important for a condition often characterized by an extended clinical
course of fluctuating functional limitations and persistent or recurrent symptoms.
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Highlights
Outcomes were similar for the two treatment groups

Both treatments included exercise and performance training to modify
functional activities

Both groups adhered more to performance training than to exercise

Adherence to performance training had a unique and independent effect on
outcomes above and beyond adherence to exercise
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Figure 1.

Study flow diagram.
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Figure 2a. Predicted values and 95% confidence intervals based on hierarchical linear
modeling analyses of the modified Oswestry Disability Index (mODI) scores for the
classification-specific (CS) rotation (Rot) and extension-rotation (ExtRot) groups and the
non-classification-specific (NCs) Rot and ExtRot groups at baseline, post-treatment, and 6
and 12 months later. Overall, both groups were improving post-treatment, plateauing at 6
months, and regressing at 12 months (significant overall curvilinearity and significant
overall linear effects, i.e., slopes, at each time point; p5<.05). There was no treatment group
difference (©>.05).

Figure 2b. Predicted values and 95% confidence intervals based on hierarchical linear
modeling analyses of the modified Oswestry Disability Index (mODI) scores for the rotation
(Rot) group and the extension-rotation (ExtRot) group at baseline, post-treatment, and 6 and
12 months later. At 6 months the Rot group was continuing to improve while the ExtRot
group was plateauing; at 12 months the Rot group was regressing slower than the ExtRot
group (significant classification group effect for the linear components, i.e., slopes, at 6 and
12 months; p5<.05).
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Figure 3.

Figure 3a. Predicted values and 95% confidence intervals based on hierarchical linear
modeling analyses of the adherence to performance training for the classification-specific
(CS) group and the non-classification-specific (NCs) group at the 2" treatment visit, post-
treatment, and 6 and 12 months later. Overall, both treatment groups showed no change in
adherence at post-treatment (non-significant overall linear effect, i.e., slope; £>.05), and
decreasing adherence at 6 and 12 months (significant negative overall linear effects, i.e.,
slopes; ps<.05). There was no treatment group difference (>.05).

Figure 3b. Predicted values and 95% confidence intervals based on hierarchical linear
modeling analyses of the adherence to performance training for the rotation (Rot) group and
the extension-rotation (ExtRot) group at the 2"d treatment visit, post-treatment, and 6 and 12
months later. At 6 months the Rot group was adhering more than the ExtRot group
(significant classification group difference in intercepts, i.e., predicted score; p<.05). At 12
months adherence was decreasing at a faster rate for the ExtRot group than for the Rot group
(significant classification group effect for linear components, i.e., slopes; p<.05).
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Figure 4.
Predicted values and 95% confidence intervals based on hierarchical linear modeling

analyses of the adherence to exercise for the classification-specific (CS) group and the non-
classification-specific (NCs) group at the 2" treatment visit, post-treatment, and 6 and 12
months later. Overall, adherence decreased for both groups over time (significant overall
curvilinearity and significant overall linear effects, i.e., slopes, at each time point; ps<.05).
There were no treatment or classification group differences (ps>.05).
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TABLE 1

Characteristics of Therapists Providing Treatment in the Two Treatment Conditions

Treatment Condition

Classification-Specific (n=2)  Non Classification-Specific (n=4)

Characteristics

Male, % 50 25
Entry-level physical therapy education, %

BSPT™* 50 25
MSPT ** 50 s
Years in practice (SD) 7.5 (3.4) 12.5(7.5)
Exposure to classification system and treatment (%)7 0 100
Number of therapists: Clinic 1 1 2
Number of therapists: Clinic 2 1 2

*
Bachelor’s degree in physical therapy

Aok

Master’s degree in physical therapy

”One method to control for bias was to use therapists in the Non Classification-Specific condition that had no exposure to the concept of
classification or the specific details of treatment based on the Movement System Impairment Classification system.
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