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Abstract

Objective

This is an observational prospective cohort study to explore the treatment
effect of mechanical vs. manual manipulation for acute low back pain.

Methods

Ninety two patients with a history of acute low back pain were recruited from
3 private chiropractic offices, 2 of which utilized manual lumbar manipulation
and 1 used mechanical instrument manipulation (Activator) as their primary
modes of treatment. The chiropractors used their “treatment as usual”
protocols for a maximum of 8 visits or 4 weeks, which ever occurred first.
Primary outcome measures were changes in Numeric Pain Rating Scale
(NPRS) and Oswestry Disability Index (ODI) scores from baseline to 4
weeks. The linear regression models were adjusted for baseline NPRS and
ODI scores, age, and treatment expectancy.

Results

Comparison of baseline characteristics did not show any significant
differences between the groups except for age (38.4 vs. 49.7 years; p < .001)
and treatment expectancy (5.7 vs. 6.3; p = .003). Linear regression revealed
significantly lower NPRS scores in the manual manipulation group at four
weeks [β = −1.2; 95% CI (−2.1, −.28)] but no significant difference in ODI
scores between the two groups at four weeks [β = 1.5; 95% CI (−8.3, 2.4)].
Treatment expectancy, but not age, was found to have a significant main
effect on both NPRS and ODI scores at 4 weeks. Exploratory analysis of the
clinical patterns of care between the clinicians revealed significant differences
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in treatment frequency, duration, modality and radiograph usage between the 2
cohorts.

Conclusions

This study highlights the challenges inherent with conducting research that
allows for “treatment-as-usual”. The data and experience derived from this
investigational study will be used to design a future randomized clinical trial
in which tighter controls will be imposed on the treatment protocol.

Keywords: Manipulation, Spinal, Low Back Pain, Chiropractic

INTRODUCTION

Low back pain (LBP) is a serious public health issue in the United States and
many other Western societies for three basic reasons, the first of which is the
large prevalence of low back pain in American society. The general yearly
prevalence in the U.S. population is estimated at 15–20% and among
working-age adults at 50%. (1) Back pain is the most common cause of
disability for persons under the age of 45 and the second most common reason
for office visits to primary care physicians. (2) The second reason is the high
rate of disability and activity intolerance due to low back pain. A population
based survey of adults showed a low back pain point prevalence of about
25%, with about 50% of those low back pain patients showing moderate
disability and about 10% reporting severe or total disability. (3) The third
reason is increasing evidence that low back pain is not necessarily a self-
limiting disorder. One recent study showed that of patients who experienced
LBP for greater than thirty days, 40% continued to have symptoms for another
one to five years. (4)

In 1994, the Agency for Health Care Policy and Research (AHCPR) published
clinical practice guidelines for the management of acute low back problems in
adults based upon a quantitative review of the literature that included a meta-
analysis investigating the relative effectiveness of various treatments for low
back pain. (5) The AHCPR guidelines were the first time that an official
government health agency recommended manipulation as an effective
treatment for patients with acute low back pain. During the past fifteen years
since the publication of these AHCPR guidelines, many additional clinical
trials have been published that continue to show significant benefits of spinal
manipulation for certain types of low back and neck pain. These trials have
been the subject of several systematic reviews and meta-analyses of the
manipulation literature, (6–13) the majority of which conclude that spinal
manipulation is an established and effective treatment for acute low back pain.

This intervention called “spinal manipulation” that appears to be beneficial for
acute low back pain is not a single treatment procedure. Spinal manipulation is
an umbrella term that includes a multitude of different procedures that
introduce a variety of manual and mechanical forces into the musculoskeletal
structures. The type of manipulation used in the majority of manipulation
trials included in systematic reviews of the literature was side posture thrust
manipulation (Fig 1). An analysis by the editor of the Journal of Chiropractic
Technique stated that there were over 100 chiropractic technique systems
using a variety of manipulative methods. (14) The National Board of
Chiropractic Examiners (NBCE) conducted questionnaire research to survey
the chiropractic profession about the most frequently used manipulative
techniques in clinical practice. (15, 16) The data indicated that the two most
commonly-used methods were reported as Diversified Technique, which is
essentially a side posture manual thrust technique; and Activator which
utilizes a hand-held device to deliver a mechanical impulse in lieu of a

Epidemiology of musculoskeletal impairments and associated
disability. [Am J Public Health. 1984]

Low back pain in Australian adults: prevalence and associated
disability. [J Manipulative Physiol Ther. 2004]

The course of low back pain in a general population. Results
from a 5-year prospective study.[J Manipulative Physiol Ther. 2003]

Review  A meta-analysis of clinical trials of spinal
manipulation. [J Manipulative Physiol Ther. 1992]

Review  Spinal manipulation for low-back pain.
[Ann Intern Med. 1992]

Review  Efficacy of spinal manipulation and mobilization for
low back pain and neck pain: a systematic review and best[Spine J. 2004]

A review of the literature pertaining to the efficacy, safety,
educational requirements, uses and usage of mechanical[J Can Chiropr Assoc. 2004]

A review of the literature pertaining to the efficacy, safety,
educational requirements, uses and usage of mechanical[J Can Chiropr Assoc. 2004]
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manual thrust.

There is strong evidence for the clinical effectiveness of side posture thrust
manipulation for the treatment of acute low back pain (8), with equivocal
evidence for mechanical manipulation methods such as the Activator
Instrument. (17, 18) Yet Activator is reported as the second most commonly
used manipulative method within the chiropractic profession, and is reportedly
used by over 32,000 chiropractors around the globe
(http://www.activator.com/). The Activator Instrument and other mechanical
impulse devices are often used as a substitute method for manual thrust
manipulation with the assumption that they are gentle, safe, and clinically
effective. (19) However, this assumption has not yet been validated with
evidence from clinical trials; it is not known if an impulse delivered by a
mechanical device such as the Activator Instrument is as clinically effective as
a manual thrust manipulation. This study was designed to explore the question
of whether there is a difference in clinical outcome using the Activator and
manual thrust manipulation for treatment of LBP.

METHODS

Participants

Ninety two patients with a history of LBP were recruited from 3 private
chiropractic clinics during the period January 1, 2006 through April 30, 2008.
Informed consent was obtained from all research participants prior to initiation
of any treatment, and the research design was approved by the University of
Pittsburgh Institutional Review Board (IRB Approval # 0501148).

Inclusion criteria consisted of the following: age greater than 18 years with
acute onset of LBP within the previous 12 weeks, Numeric Pain Rating Scale
(NPRS) score between 4 to 8 points, and Oswestry LBP Disability Index
(ODI) score between 20 to 70 percentage points. These ranges were designed
to exclude patients with extremely high or low NPRS and ODI scores, in order
to avoid ceiling or floor effects (regression to the mean). Exclusion criteria
included red flags of serious pathology, including past history of cancer,
pregnancy, previous lumbar surgery, stenosis, instability, or other serious
pathology. Patients were also excluded if they had any absolute
contraindications to manipulation (severe osteoporosis, prolonged use of
steroids, etc.) or had any positive nerve root tension signs, sensory or motor
deficit in the lower extremities. Lastly, patients were excluded from
participation if they had received any physical therapy or chiropractic
treatment for LBP within the past 3 months.

Interventions

The research patients were all treated in one of three private chiropractic

Figure 1
Baseline and 4-week unadjusted mean Numeric Pain Rating
Scores (NPRS) by cohort. Regression analysis revealed that a
significant difference in the mean adjusted 4-week pain scores
remained after controlling for baseline pain, cohort, and
expectation.

Responsiveness of the numeric pain rating scale in patients
with low back pain. [Spine (Phila Pa 1976). 2005]

Review  The Oswestry Disability Index.
[Spine (Phila Pa 1976). 2000]
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clinics. One clinic employed two Activator Methods proficiency-certified
chiropractors who exclusively used the Activator Instrument as the sole
manipulative treatment for LBP. The other two offices exclusively utilized
side posture thrust manipulation for treatment of LBP, with a single
chiropractor rendering all treatments at each respective office. Therefore,
patients attending the Activator clinic received only mechanical manipulations
and those attending the other chiropractic clinics received only manual thrust
manipulations.

The medical device used in this study was the Activator IV Instrument, FDA
Approval # K003185 (Activator Methods International Ltd., 2950 N 7th
Street, Phoenix, AZ 85014). This instrument is a hand-held device containing
a spring-loaded mechanism that delivers a mechanical impulse. Some
chiropractors use the Activator Instrument according to a defined protocol as
taught by Activator Methods International, and others use the instrument in a
more informal manner as a substitute for manual thrust manipulation. In this
study, both clinicians were certified and trained in the Activator Methods
protocol.

For purposes of this study, the research treatment period was considered to
start at the initial baseline visit and to end at the eighth office visit or 4 weeks,
whichever occurred first. The clinicians were not obligated to treat patients for
a total of 8 visits or four weeks; the research design permitted treatment for as
many visits as the clinician deemed clinically warranted. This design allowed
for data collection about treatment frequency/duration to be used for a
secondary analysis. The chiropractors were asked to treat the research patients
like any other patients in their offices, but to refrain from providing any
mechanical traction or supervised exercises during the course of the study. The
use of physical agents and other modalities was permitted, and these were
recorded for data analysis.

Objectives

The primary aim of this study was to gather data and calculate treatment effect
sizes on NPRS and ODI, when comparing manual thrust manipulation and
Activator for treatment of low back pain. Secondary aims were: (1) to explore
the differences in clinical practice style and patient characteristics between
chiropractic offices that were permitted to use a “treatment-as-usual”
approach and (2) to explore the effect of treatment expectancy on clinical
outcomes and see if there was an interaction effect with treatment method.

The primary outcome measure was the Numeric Pain Rating Scale (NPRS)
and the secondary outcome measure was the Oswestry LBP Disability Index
(ODI). These scores were taken at baseline and four weeks. Both of these
outcome measures have been widely used in previously published LBP
clinical trials, and have been previously shown to have good reliability and
validity. (20, 21)

The NPRS asks patients to respond to three questions about their pain
intensity on an 11 point scale ranging from 0 (no pain) to 10 (worst pain); (1)
pain level right now, (2) worst pain level in past 24 hours, and (3) best level
of pain in past 24 hours. For the purpose of analysis in this study, we created
a composite pain variable by taking the average of the “pain right now” and
“worst pain in past 24 hours” scores recorded at baseline and four weeks.

The ODI form consists of a series of ten questions that each have six possible
responses that are graded from 0 (good) to 5 (bad) points, based upon the
severity of self-perceived disability regarding each question. Therefore the
total possible number of points is 50 points, which would indicate crippling

Responsiveness of the numeric pain rating scale in patients
with low back pain. [Spine (Phila Pa 1976). 2005]

A comparison of a modified Oswestry Low Back Pain Disability
Questionnaire and the Quebec Back Pain Disability Scale.[Phys Ther. 2001]
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disability. It is customary to report ODI scores as a percentage, which is
derived by dividing the number of total points by 50.

In addition to the NPRS and ODI, research subjects were asked at baseline to
complete a treatment expectancy questionnaire (TEQ). The TEQ asked a
series of questions about the research participant’s expectations about each
type of manipulation, as well as their belief about how well they would
respond to treatment in general. The variable used for analysis was the score
from the general question “How well do you expect to feel in 4 weeks?”,
which was self-rated on a seven-point Likert scale ranging from 1 = ”I expect
to be much worse” to 7 = ”I expect to be completely better”. The TEQ was
developed by the author (MJS) and has not been validated. Since the
observational design permitted treatment-as-usual, clinical data was also
collected about the number of treatment sessions, adjunctive modalities and
physical agents used in each clinic, clinical history, and the
frequency/duration of treatment.

Sample Size and Randomization

Previous low back pain literature has indicated that the minimal clinically
important difference (MCID) in ODI scores is 8 points with a standard
deviation of 14 points. (20, 22) Power analysis was therefore performed using
a mean difference of 8 ODI points and a standard deviation of 14 points,
which revealed that 50 patients per group would be needed to achieve 80%
power at an alpha level of .05 (STATA, Ver. 10.1, College Station, TX).

No randomization process was utilized in this study; patients self-selected
their choice of chiropractic method and clinic. This study involved a
treatment-as-usual observational design; therefore no experimental treatment
methods were used. The chiropractors at each clinic were instructed to treat
the research participants in the same manner as they would normally treat any
other LBP patient in their offices. The research participants and treating
clinicians were obviously not blinded, due to the self-selection of treatment
method.

Statistical Analysis

Baseline characteristics were compared between the two cohorts using Chi
Square tests for all categorical variables. Student’s t-tests were used to
compare the continuous variables (age and expectation) between the patients
in the 2 cohorts. The main analysis of primary and secondary outcome
measures started with a basic regression model that was built with final NPRS
and ODI scores at 4-weeks as the dependent variables, and cohort (type of
manipulation) as the key independent variable. This basic model was used to
compare the unadjusted mean 4-week NPRS and ODI scores between the two
cohorts.

The basic regression model was then expanded with a forced entry step-wise
approach adding the following four independent variables and their associated
cohort interaction terms:

1. Centered baseline NPRS and ODI scores: These were included as
covariates because of the assumption that the baseline NPRS and ODI
scores would account for a significant amount of the variability in
their respective 4-week scores. Baseline scores were centered by
subtracting each individual score from the mean of all baseline scores
(within-group mean) in each cohort.

2. Age: Age is a well recognized risk factor for low back pain and
might have an independent influence on treatment outcome.
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3. Medication Usage: Use of various anti-inflammatory/pain
medications could have a potential independent therapeutic effect and
confound the analysis.

4. Treatment Expectancy: A secondary aim of this study was to explore
the hypothesis that treatment expectancy might influence clinical
outcomes.

The forward step-wise regression model was built by adding each of the above
independent variables and their respective interaction terms individually, and
retaining any variables whose partial t-tests showed a p-value of least .05 or
less. Separate regression models were constructed for the primary (NPRS) and
secondary (ODI) outcome measures.

RESULTS

Comparisons of the baseline characteristics of both cohorts were performed
and the results are summarized in Table 1. The 2 cohorts did not differ
significantly on any of these variables other than age and treatment
expectancy. The mean age and treatment expectancy scores were significantly
higher in the manual manipulation cohort. Although medication usage
appeared different between the two cohorts (41% vs 22%) this difference did
not achieve statistical significance, most likely due to the small sample size.

The primary outcome measure in this study was NPRS at 4-weeks compared
to baseline NPRS score. There was a significant difference between the
unadjusted mean 4-week NPRS scores of the 2 cohorts (mean difference=1.2;
p=.011). Figure 1 displays the unadjusted mean pain scores of each cohort at
baseline and 4-weeks. After adjusting for centered baseline NPRS scores,
there remained a significant difference in the adjusted means between groups.
The 2 significant predictor variables (cohort and baseline pain) predicted about
11% of the variation in NPRS score at 4-weeks (R  = .11). There were no
significant main effects for medication, age, or their interaction terms when
these variables were added to the regression model.

Subgroup analysis explored the effect of adding treatment expectancy score
and its interaction effect with treatment method (cohort) to the regression
model described above, which had curious effects on the results. There was no
significant interaction effect for the variable ‘expectancy score*cohort’,
indicating that treatment expectancy scores did not exert differential influence
on the 4-week NPS scores in the 2 cohorts. The new model did reveal a
significant main effect for expectancy and explained 16% of the variation in
4-week NPRS scores (R  = .16). However, the addition of treatment
expectancy to the model eliminated the previously significant main effects of
cohort and baseline NPRS score. When the expectation variable was removed
from the model, cohort and baseline pain again showed significant main
effects. This paradoxical effect of the expectancy variable strongly suggests

Table 1
Baseline characteristics by cohort. Chi Square tests of all
categorical variables did not reveal any significant differences
between the two groups except for age and treatment
expectancy. T-tests were used to analyze the mean age and
treatment expectancy ...

2

2

Responsiveness of the numeric pain rating scale in patients
with low back pain. [Spine (Phila Pa 1976). 2005]

A randomized trial of chiropractic and medical care for patients
with low back pain: eighteen-month follow-up outcomes from[Spine (Phila Pa 1976). 2006]

Review  Philadelphia Panel evidence-based clinical practice
guidelines on selected rehabilitation interventions for low back[Phys Ther. 2001]

Review  Evidence-informed management of chronic low back
pain with spinal manipulation and mobilization. [Spine J. 2008]

Treatment expectancy and credibility are associated with the
outcome of both physical and cognitive-behavioral treatment in[Clin J Pain. 2008]
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that expectation is a confounder of the relationship between cohort (treatment
method) and outcome.

The secondary outcome analysis created similar regression models, but this
time using 4-week ODI score compared to baseline ODI score. There was no
significant difference between the unadjusted mean 4-week ODI scores of the
two cohorts (mean difference=2.9; p=.29). Figure 2 displays the unadjusted
mean Oswestry scores of each cohort at baseline and 4-weeks. The addition of
centered baseline ODI score to the model did not change these results; the
difference in 4-week ODI scores between groups was not statistically
significant and the confidence interval was very wide (adjusted mean
difference = 1.5 points, 95% CI; −8.3, 2.4). These two predictor variables
(centered baseline ODI and cohort) as a whole only predicted about 7% of the
variation in the 4-week ODI scores (R  = .069).

Subgroup analysis with the addition of treatment expectancy to the model
showed no main effect for expectancy or its interaction term, but eliminated
the previously significant main effects of cohort and baseline ODI scores as
predictor variables. Yet the new model which included the expectancy
variable was able to explain 11% of the predicted variation in 4-week ODI
scores (R  =.11). Again, the most reasonable explanation for these paradoxical
effects is that expectancy score is a confounder of the relationship between
treatment method (cohort) and 4-week outcome.

The observational design of this study permitted us to capture additional
descriptive data about the clinical patterns of care provided to the patients in
both cohorts, which allowed for further exploratory subgroup analyses. A
comparison was made between the proportions of modalities and adjunctive
procedures used in the two treatment groups, which revealed many significant
differences (Table 2). The Activator patients had significantly more
application of electrical muscle stimulation, laser therapy, inter-segmental
traction (roller) table, and posture education. The manual manipulation
patients had significantly more applications of heat/ice packs.

Another exploratory subgroup analysis compared the various clinical patterns
of the two treatment groups, including frequency/duration of treatment,
diagnostic imaging usage, and physical examination findings. The results of
this analysis are displayed in Table 3. There was a significant difference

Figure 2
Baseline and four-week unadjusted mean Oswestry Disability
Index (ODI) scores by cohort. Regression analysis did not
reveal any significant difference in mean four-week ODI scores
after controlling for baseline ODI.

Table 2
Comparison of modalities and adjunctive procedures.
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between the two cohorts with respect to the number of patients in each group
that required the maximum number of treatment sessions (8 visits); 70% in the
Activator group compared to only 15% in the manual manipulation group.
78% of the Activator patients continued with additional chiropractic care after
study termination whereas only 18% in the manual manipulation groups
received additional chiropractic treatment. The mean number of visits at 4
weeks also was significantly different between the two cohorts, with the
Activator group having a mean of 9.2 visits as compared with the manual
manipulation group mean of 4.5 visits.

The manual manipulation cohort had a significantly higher number of acute
patients (onset < 14 days) with lumbar pain only, and more patients displaying
flexion antalgia. The Activator patients were more likely to receive lumbar
radiographs (54%) or MRI (5%); none (0%) of the manual manipulation
patients received any of these diagnostic tests during the course of this study.
The Activator cohort had a significantly greater number of patients with
buttock and thigh pain, as well as more patients with moderate to severe
limitation of lumbar flexion.

DISCUSSION

The primary analysis between the differences in baseline and 4-week NPRS
scores showed a significantly larger reduction in pain scores in the manual
manipulation cohort, even after controlling for baseline pain. It is interesting
to note that the 95% confidence interval for the change in pain score ranged
from 2.05 to .28 points lower in the manual manipulation cohort, indicating a
relatively robust treatment effect. The minimal clinically detectable change in
NPRS score (within-subject) is considered to be about 2 points (20) and the
mean difference in NPRS scores between these two groups (between-subjects)
at 4-weeks was 1.2 points.

Conversely, the secondary analysis of ODI scores showed that the
manipulation group had lower ODI scores at 4 weeks compared to the
Activator group but this difference was not statistically significant. The 95%
confidence interval for ODI scores is very wide, ranging from −8.3 to 2.4
points between the two cohorts. This wide confidence interval makes
interpretation of these data very tenuous, considering that the minimal
clinically important difference (MCID) for ODI scores is 8 points and the
mean difference in ODI scores between these 2 groups at 4-weeks was only
2.9 points. It is appears that NPRS score was a more responsive outcome
measure in this group of patients than ODI score.

This study confirmed the observation that chiropractors do not limit their
treatment approach to spinal manipulation; they routinely include a number of
other active and passive care procedures into their routine clinical care of LBP
patients. It was also surprising to find that the majority of patients in both
treatment arms received electrical muscle stimulation; when the literature has
shown this modality to have little or no independent treatment effect (23, 24).
On the other hand, posture education and home exercises were prescribed

Table 3
Comparison of treatment frequency/duration and other clinical
patterns.
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(hand-out literature only) for a majority of the patients in both treatment arms;
an approach which is consistent with the best current evidence for non-
surgical management of LBP (25).

Treatment expectancy in our study was positively correlated with clinical
outcome, which is congruent with the findings from another recent study of
expectancy and various treatments for LBP (26). Treatment expectancy has a
well known effect pain relieving effect within the context of clinical research
trials, as exemplified by the strong power of the placebo effect (27, 28). Most
of our research population was composed of patients who had previous
experience with chiropractic care, with patients in both groups recording
overall high expectancy scores at baseline. Therefore it was not surprising to
see treatment expectancy show up as a significant predictor variable in the
regression analysis of NPRS scores, independent of the grouping variable. By
allowing patients to self-select their treatment method and chiropractic clinic,
we were able to confirm our suspicion that treatment expectancy is indeed a
confounder of outcome and that chiropractic patients tend to have high
expectancy that their self-selected treatment method will be helpful for their
condition.

The data derived from this observational study serves as an important source
of background information on the issues of treatment expectancy, treatment
frequency/duration, attention bias, use of modalities and exercise/posture
instruction. All of this background information may be useful in the design
and implementation of a future randomized trial on this same research
question.

Limitations

There were several limitations to this study, many of which are directly
related to the observational design. No external constraints were placed upon
the clinicians as to their treatment protocols and this lead to big variations in
treatment frequency, application of adjunctive therapies, and other clinical
activities. We did not record the amount of time spent during the doctor-
patient interaction or total time spent during each office visit, and therefore
attention bias is a possible confounder to the results. Without having a good
estimate of treatment effect size in advance, it was hard to power this study
appropriately. Although previous literature gave an estimate of within-person
MCIDs for NPRS and ODI scores, there was no good literature estimating the
between-person MCIDs for these outcome measures in LBP patients treated
with 2 different types of manipulation. By allowing patients to self-select their
clinicians, the independent effect of treatment expectancy could not be
explored properly. Lastly, there was the limitation of no control group for
comparison; natural history and regression to the mean may therefore account
for some of the change in outcomes.

However, the intrinsic limitations of an observational design also gave this
study some important strengths; including the ability to capture data from
treatment-as-usual without an external locus of control over the treatment
parameters. It was expected that some difference in clinical patterns of care
would be found between the groups. However, it was surprising to find that
the Activator group had twice the number of office visits at 4 weeks with
higher utilization of modalities and radiographs compared to the manual
manipulation group. These utilization findings may reflect differences in
practice management styles between doctors/clinics, rather than an intrinsic
difference between the clinical effectiveness of mechanical and manual
manipulation methods.
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CONCLUSION

In conclusion, this study provided some very important data and information
about the clinical effects of mechanical versus manual methods of
manipulation. It provided a good estimate of treatment effect sizes for changes
in NPRS and ODI, which can now be used for power analysis in a future
randomized trial. The wide variation in clinical practice patterns and
management styles between the clinicians was a very interesting finding that
could only have been uncovered within the context of a “treatment-as-usual”
research design. Treatment expectancy was found to be a surprisingly strong
predictor variable that was independent of treatment method. These data will
play an important role in the design and implementation of a future
randomized clinical trial that will impose a structured treatment frequency and
use of physical agents, while controlling for treatment expectancy and
attention bias.
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