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Background: Conflicting evidence exists about the effectiveness
of spinal manipulation.

Objective: To validate a manipulation clinical prediction rule.

Design: Multicenter randomized, controlled trial.

Setting: Physical therapy clinics.

Patients: 131 consecutive patients with low back pain, 18 to 60
years of age, who were referred to physical therapy.

Intervention: Patients were randomly assigned to receive ma-
nipulation plus exercise or exercise alone by a physical therapist
for 4 weeks.

Measurements: Patients were examined according to the clini-
cal prediction rule criteria (symptom duration, symptom location,
fear–avoidance beliefs, lumbar mobility, and hip rotation range of
motion). Disability and pain at 1 and 4 weeks and 6 months were
assessed.

Results: Outcome from spinal manipulation depends on a pa-
tient’s status on the prediction rule. Treatment effects are greatest
for the subgroup of patients who were positive on the rule (at
least 4 of 5 criteria met); health care utilization among this sub-
group was decreased at 6 months. Compared with patients who

were negative on the rule and received exercise, the odds of a
successful outcome among patients who were positive on the rule
and received manipulation were 60.8 (95% CI, 5.2 to 704.7). The
odds were 2.4 (CI, 0.83 to 6.9) among patients who were negative
on the rule and received manipulation and 1.0 (CI, 0.28 to 3.6)
among patients who were positive on the rule and received exer-
cise. A patient who was positive on the rule and received manip-
ulation has a 92% chance of a successful outcome, with an
associated number needed to treat for benefit at 4 weeks of 1.9
(CI, 1.4 to 3.5).

Limitations: The response rate for the 6-month follow-up re-
sulted in inadequate power to detect statistically significant dif-
ferences for some comparisons.

Conclusions: The spinal manipulation clinical prediction rule
can be used to improve decision making for patients with low
back pain.
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Next to the common cold, low back pain is the most
common reason that individuals visit a physician’s

office (1). Billions of dollars in medical expenditures and
lost labor costs for this condition are incurred each year (2,
3). Attempts to identify effective interventions for individ-
uals with low back pain have been largely unsuccessful (4).
In particular, conflicting evidence exists about the effective-
ness of spinal manipulation; some randomized trials have
shown a benefit, while other trials have not (5–7). These con-
flicting conclusions are reflected in the various recommenda-
tions in national clinical practice guidelines, with some recom-
mending manipulation and others not (8).

The variety of conclusions in trials of manipulation
may be attributable to the failure of researchers to ade-
quately consider the importance of classification. Using
broad inclusion criteria results in a heterogeneous sample
that may include many patients for whom no benefit is
expected, thus masking the intervention’s true value
(9, 10). Consequently, developing methods for matching
patients with low back pain to treatments that are most
likely to benefit them has become an important research
priority (11). Clinical prediction rules are tools designed to
assist clinicians in decision making when caring for pa-
tients (12). Several clinical prediction rules have been de-
veloped and validated to improve clinical decision making

for the use of imaging in patients with ankle, knee, cervical
spine, or minor head injuries (13–16). Few studies have at-
tempted to develop rules that establish prognosis on the
basis of outcome from a specific intervention, such as spi-
nal manipulation.

Recently, Flynn and colleagues (17) developed a clin-
ical prediction rule for identifying patients with low back
pain who are likely to benefit from manipulation. They
examined a series of patients with low back pain who re-
ceived a manipulation intervention. Five factors formed
the most parsimonious set of predictors for identifying pa-
tients who achieved at least 50% improvement in disability
within 1 week with a maximum of 2 manipulation inter-
ventions (Table 1) (17). The positive likelihood ratio
among patients who met at least 4 of 5 of the criteria was
24.4 (95% CI, 4.6 to 139.4).

Clinical prediction rules must be validated in sepa-
rate populations before being recommended for wide-
spread implementation (18). A clinical prediction rule
for identifying which patients with low back pain are most
likely to respond to manipulation could improve clinical effi-
ciency and resource utilization. Thus, we aimed to validate
the spinal manipulation clinical prediction rule in a multi-
center trial.
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METHODS

We considered consecutive patients with a primary
symptom of low back pain who were referred to physical
therapy for participation. We used 14 physical therapists at
8 clinics in various U.S. regions and settings (2 academic
medical centers and smaller outpatient practice settings).
Most participating sites were health care facilities within
the U.S. Air Force. Each site’s institutional review board
approved the study before we began recruitment and data
collection.

Inclusion criteria were age 18 to 60 years; a primary
symptom of low back pain, with or without referral into
the lower extremity; and an Oswestry Disability Question-
naire (ODQ) score of at least 30%. We excluded patients
who had “red flags” for a serious spinal condition (for
example, tumor, compression fracture, or infection), those
who had signs consistent with nerve root compression (that
is, positive straight-leg increase � 45 degrees or diminished
reflexes, sensation, or lower-extremity strength), those who
were pregnant, or those who had previous surgery to the
lumbar spine or buttock. These criteria are consistent with
those used in Flynn and colleagues’ study (17) and were
designed to include patients without a contraindication to
manipulation. Once patients were admitted to the study,
we used intention-to-treat principles, and no patient was
removed for nonadherence.

History and Physical Examination
Before randomization, patients completed several self-

report measures and then received a standardized history
and physical examination. We collected demographic in-
formation, including age and sex; medical history; and lo-
cation and nature of symptoms. Self-report measures in-
cluded a body diagram to assess the symptom distribution
(19). We used an 11-point pain-rating scale ranging from 0
(no pain) to 10 (worst imaginable pain) to assess current
pain intensity and the best and worst level of pain during
the last 24 hours (20). We used the average of the 3 rat-
ings. We used the Fear-Avoidance Beliefs Questionnaire
(FABQ) to quantify the patient’s fear of pain and beliefs
about avoiding activity (21). Previous studies have found a
high level of test–retest reliability for both the FABQ phys-

ical activity and work subscales (22). Fear–avoidance be-
liefs have been associated with current and future disability
and work loss in patients with acute (23) and chronic (24)
low back pain. The modified ODQ is a region-specific
disability scale for patients with low back pain (25) that has
high levels of reliability, validity, and responsiveness (26).

Physical examination measures included lumbar active
range of motion (27) and various tests purported to iden-
tify dysfunction in the lumbopelvic region (28). Complete
details of the physical examination are described elsewhere
(26). Specific components pertinent to validation of the
rule were assessments of segmental mobility and hip inter-
nal rotation range of motion, the performance of which is
described in Appendix 1 and Appendix 3 video (available
at www.annals.org.). Each physical therapist received a de-
tailed manual that operationally defined each examination
and treatment procedure and was trained in the study pro-
cedures by an investigator before data collection began.

Determining Status on the Clinical Prediction Rule
A physical therapist who was blinded to the patients’

treatment group assignment assessed the 5 criteria in the
rule (Table 1, Appendix 1, and Appendix 3 video). To
further minimize bias, examiners were not instructed in the
rule’s criteria and were unaware of the patient’s status on
the rule. After completion of the study, an examiner who
was blinded to the patient’s treatment assignment deter-
mined the patient’s status on the rule by using the results
of the baseline examination. As was done in the initial
study (17), we classified patients as positive if they met at
least 4 of 5 criteria and were therefore likely to respond to
manipulation. We classified patients with 3 or fewer crite-
ria as negative. An examiner who was blinded to the pa-
tient’s status on the rule repeated the history and physical

Table 1. Five Criteria in the Spinal Manipulation Clinical
Prediction Rule*

Criterion Definition of Positive

Duration of current episode of
low back pain

�16 d

Extent of distal symptoms Not having symptoms distal to the
knee

FABQ work subscale score �19 points
Segmental mobility testing �1 hypomobile segment in the

lumbar spine
Hip internal rotation range of

motion
�1 hip with �35 degrees of internal

rotation range of motion

* See Appendix 1 and Appendix 3 video, available at www.annals.org, for details
(17). FABQ � Fear-Avoidance Beliefs Questionnaire.

Context

In this randomized, controlled trial, spinal manipulation
plus exercise produced outcomes for low back pain similar
to those produced by exercise alone. Yet, some patients
did respond to spinal manipulation, and it would be help-
ful for doctors to be able to identify such patients.

Contribution

Patients were most likely to benefit from spinal manipula-
tion if they met 4 of 5 of the following criteria: symptom
duration less than 16 days, no symptoms distal to knee,
score less than 19 on a fear–avoidance measure, at least 1
hypomobile lumbar segment, and at least 1 hip with more
than 35 degrees of internal rotation.

Implications

Clinicians may be able to use these criteria to identify pa-
tients with low back pain who are good candidates for
spinal manipulation.

–The Editors
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examination 1 and 4 weeks after randomization. Patients
also completed a 6-month follow-up postal questionnaire
to assess disability, work status, and health care utilization.

Treatment Groups
We used a random-number generator to generate a

randomization list before the study began. We prepared in-
dividual, sequentially numbered index cards with the ran-
domization assignments. We folded the cards and placed
them in sealed envelopes. After the baseline examination,
the physical therapist who conducted the examination
opened the next envelope, indicating the treatment group
assignment. We randomly assigned patients to 1 of 2 groups:
1) spinal manipulation plus an exercise program (manipu-
lation group) or 2) an exercise program alone (exercise
group). Patients in both groups attended physical therapy
twice during the first week and then once a week for the
next 3 weeks, for a total of 5 sessions. We initiated treat-
ment immediately after completion of the baseline exami-
nation, unless prohibited by time constraints; in that case
the first treatment session took place 24 to 48 hours after
the baseline examination. All patients received an exercise
instruction booklet that outlined the proper performance
and frequency of each exercise and were instructed to per-
form their assigned exercise program once daily on the days

that they did not attend therapy. On the basis of the ben-
efits associated with remaining active (29), patients in both
groups were given advice to maintain usual activity within
the limits of pain.

Manipulation Group

The treatment received by the manipulation group
differed from that of the exercise group during the first 2
physical therapy sessions. During these 2 sessions, patients
received high-velocity thrust spinal manipulation and a
range-of-motion exercise only. First, the physical therapist
performed the manipulation by using the same technique
used by Flynn and colleagues (17). Appendix 2 (available
at www.annals.org) describes and Figure 1 and Appendix 3
video illustrate the procedures used to perform the manip-
ulation technique.

Exercise Group

We treated patients in the exercise group with a low-
stress aerobic and lumbar spine strengthening program. The
Agency for Health Care Policy and Research (AHCPR)
clinical practice guidelines for Acute Lower Back Problems
in Adults (31) recommends muscle-strengthening exercises

Figure 1. Manipulative intervention used in developing and validating the spinal manipulation clinical prediction rule.

See Appendix 2 and Appendix 3 video, available at www.annals.org, for details. Reprinted from reference 30: Childs JD, Fritz JM, Piva SR, Erhard RE.
Clinical decision making in the identification of patients likely to benefit from spinal manipulation: a traditional versus an evidence-based approach.
J Orthop Sports Phys Ther. 2003;33:259-75, with permission of the Orthopaedic and Sports Physical Therapy Sections of the American Physical
Therapy Association.
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for patients with acute low back pain, and evidence also
supports exercise therapy for patients with chronic low
back pain (32). The strengthening program was designed
to target the trunk musculature identified as important
stabilizers of the spine in the biomechanical literature (33).
The AHCPR guidelines (31) also recommend low-stress
aerobic exercises for patients with acute low back pain;
thus, we also included an aerobic exercise component. Pa-
tients began with a goal of 10 minutes of aerobic exercise
on a stationary bike or treadmill at a self-selected pace. The
exercise program progressed according to criteria previ-
ously described (34).

Sample Size Determination
We based sample size calculation on detecting a statis-

tically significant 3-way interaction between a patient’s sta-
tus on the rule, treatment group, and time by using the
1-week ODQ score at an � level of 0.05. The study was
powered on the interaction because its detection would
contribute most significantly to the validity of the rule. On
the basis of previous research (35, 36), we expected a within-
cell SD of 15 points on the ODQ score and a correlation
between the covariate and dependent variable of 0.30 (R2 �
0.09). Given these variables, we required 21 patients per cell
for a moderate effect size (0.30) for the interaction with 80%
power by using a 2-tailed hypothesis. In the previous study
(17), 30% of patients were positive on the rule. Assuming a
similar distribution, we required approximately 130 to 140
patients to assure that 21 patients who were positive on the
rule would be randomly assigned to each group.

Statistical Analysis
We compared baseline variables between groups by

using independent t-tests or Mann–Whitney U tests for
continuous data and chi-square tests of independence for
categorical data. We examined the primary aim with a
3-way repeated-measures multivariate analysis of variance
(ANOVA) with treatment group (manipulation vs. exer-
cise) and status on the clinical prediction rule (positive or
negative) as between-patient variables and time (baseline, 1
week, 4 weeks, and 6 months) as the within-patient vari-
able. The dependent variables were disability (ODQ score)
and pain. The hypothesis of interest was the 3-way inter-
action. The primary outcome measure was the 1-week
ODQ score to mirror the follow-up used in Flynn and
colleagues’ study (17). We assessed the ODQ score after 4
weeks and again after 6 months to determine whether a
patient’s status on the rule predicted outcome at a longer
follow-up. We assessed self-reported levels of pain to deter-
mine whether similar changes in pain occurred. We per-
formed planned pairwise comparisons at each follow-up
period by using the Bonferroni inequality (37). We hy-
pothesized that patients who were positive on the rule and
received manipulation would experience greater improve-
ment in 1- and 4-week outcomes than patients who were
negative on the rule and received manipulation, compared
with patients who were positive on the rule but received

the exercise program without manipulation. Because the
clinical prediction rule is believed to be specific to a ma-
nipulation intervention, we hypothesized that outcomes
among those receiving the exercise treatment would not
differ on the basis of a patient’s status on the rule. Given
the favorable natural history of low back pain, we hypoth-
esized that outcomes would not differ on the basis of a
patient’s status on the rule after 6 months.

To elucidate the value of incorporating the rule into
clinical practice, each patient’s outcome was dichotomized
as successful or nonsuccessful on the basis of the percentage
change in the ODQ scores at the 1- and 4-week follow-
ups. We classified patients with at least 50% improvement
as successful and all others as nonsuccessful. We con-
structed hierarchical logistic regression models to examine
the relationship between treatment group and status on the
prediction rule with the dichotomized outcomes after con-
trolling for other variables. We performed regression mod-
eling in 3 steps. We constructed separate models for the
1-week and 4-week outcomes. We entered potentially con-
founding baseline factors in the first step (age, sex, body
mass index, history of low back pain, previous response to
manipulation, and baseline disability score). Second, we
entered the treating therapist to control for potential dif-
ferences related to the clinician. We entered treatment
group, prediction rule status, and the interaction between
treatment and rule status in a stepwise manner in step 3. A
significance level of P less than 0.05 was required for entry.

For patients randomly assigned to the manipulation
group, we calculated sensitivity, specificity, and positive
and negative likelihood ratios to describe the accuracy of
the rule’s criteria for predicting treatment success after 1
week with spinal manipulation (38). We also calculated
number needed to treat statistics to further illustrate the
value of the rule to clinicians. We used intention-to-treat
principles to account for participants who dropped out.

Role of the Funding Sources
The Foundation for Physical Therapy, Inc., and the Wil-

ford Hall Medical Center Commander’s Intramural Research
Funding Program supported the study. These agencies played
no role in the design, conduct, or reporting of the study or in
the decision to submit the manuscript for publication.

RESULTS

We recruited patients from 8 clinics in various U.S.
regions from March 2002 through March 2003 (Figure 2).
We screened 543 consecutive patients who were referred to
physical therapy with symptoms of low back pain for in-
clusion. Of these, 386 did not meet all inclusion criteria.
The most common reasons for exclusion were an ODQ
score less than 30% (n � 202 [53%]) and age younger
than 18 years or older than 60 years (n � 64 [17%]). Of
157 eligible patients, 26 elected not to participate (Fig-
ure 2) because of concerns about the time commitment
(n � 19) or not wanting to be randomly assigned to 1 of

ArticleSpinal Manipulation Clinical Prediction Rule

www.annals.org 21 December 2004 Annals of Internal Medicine Volume 141 • Number 12 923



the treatment groups (n � 7). The remaining 131 patients
provided informed consent and were enrolled. We ran-
domly assigned 70 patients to the manipulation group and
61 to the exercise group (Figure 2).

According to intention-to-treat principles, we included
all 131 patients in the analysis by carrying forward the last
observation. Baseline variables did not differ between treat-
ment groups (Table 2). More patients dropped out of the
exercise group before both the 1-week (6 vs. 0 patients)
and 4-week (4 vs. 2 patients) follow-ups (P � 0.007). All
patients reported non–study-related reasons for dropping
out (such as time constraints and family issues). The overall

response rate for the 6-month follow-up was 70.2%. The re-
sponse rates between patients in the manipulation (74.3%)
and exercise (65.6%) groups did not differ (P � 0.2).

The overall 3-way clinical prediction rule � treatment
group � time interaction for the repeated-measures multi-
variate ANOVA was statistically significant, indicating that
the outcome depended on both the patient’s treatment
group and status on the rule. We observed a similar pattern
for the pain scores. Post hoc comparisons demonstrated
that patients who were positive on the rule and received
manipulation experienced greater improvement in 1- and
4-week disability than patients who were negative on the
rule and received manipulation. This difference was main-
tained at the 6-month follow-up (Table 3, Figure 3). Fur-
thermore, patients who were positive on the rule and re-
ceived manipulation also experienced greater improvement
in 1- and 4-week disability than patients who were positive
on the rule but received the exercise intervention. This
difference was also maintained at the 6-month follow-up
(Table 3, Figure 3). Among patients in the exercise group,
we observed no differences in the patient’s status on the
rule at the 1-week, 4-week, or 6-month follow-ups
(Table 3, Figure 3). Post hoc comparisons of pain scores
demonstrated a similar pattern. Regardless of a patient’s
status on the rule, patients who received manipulation ex-
perienced greater improvements in disability and pain than
those who did not; however, except for the 6-month fol-
low-up, treatment effects were generally smaller than when
a patient’s status on the rule is considered (Table 3).

At the 6-month follow-up, patients in the exercise
group demonstrated statistically significantly greater medi-
cation use, health care utilization, and lost work time due
to back pain than patients in the manipulation group.
Among patients who were positive on the rule, a greater
proportion of patients in the exercise group were currently
seeking other treatment for their back pain (Table 4).

After 1 week, 31 of 70 (44.3%) patients in the manip-
ulation group achieved success compared with 7 of 61
(11.5%) patients in the exercise group (P � 0.001). After 4
weeks, 44 of 70 (62.9%) and 22 of 61 (36.1%) patients
achieved success in the manipulation and exercise groups,
respectively (P � 0.002). For the hierarchical logistic re-
gression analysis in which the 4-week outcome was the
dependent variable, the entry of baseline factors (P � 0.2)
and treating therapist (P � 0.12) did not significantly con-
tribute to the prediction of success. The regression analysis
only entered the interaction between treatment group and
prediction rule status in the third step (P � 0.001). Rela-
tive to the reference category of patients who were negative
on the rule and received exercise, the adjusted odds ratio
among patients who were positive on the rule and received
manipulation was 60.8 (CI, 5.2 to 704.7; P � 0.001). The
adjusted odds ratios among patients who were negative on
the rule and received manipulation (2.4 [CI, 0.83 to 6.9])
and positive on the rule and received exercise (1.0 [CI,
0.28 to 3.6]) did not reach significance in the final model.

Figure 2. Flow diagram for patient recruitment and
randomization.
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We observed the same pattern for 1-week follow-up, with
an adjusted odds ratio of 114.7 (CI, 11.4 to 1155.0) (P �
0.001) among patients who were positive on the rule and
received manipulation.

In the manipulation group, positive status on the rule
resulted in a positive likelihood ratio of 13.2 (CI, 3.4 to
52.1) for predicting success at 1 week. The negative likeli-
hood ratio associated with meeting fewer than 3 criteria
was 0.10 (CI, 0.03 to 0.41). Among patients who were
positive on the rule, the number needed to treat for benefit
for a successful outcome was 1.3 (CI, 1.1 to 1.9) at 1 week
with manipulation and 1.9 (CI, 1.4 to 3.5) at 4 weeks with
manipulation.

DISCUSSION

Current evidence supports only a few common inter-
ventions for patients with low back pain, including non-
steroidal anti-inflammatory medications (39), advice to re-
main active (40), and exercise (41). Conflicting results

from randomized trials and systematic reviews on the ef-
fectiveness of manipulation suggest that while some pa-
tients respond rather dramatically, others may not experi-
ence much improvement. Previous studies that have not
attempted to identify the subgroup of patients who are
likely to benefit from manipulation have generally shown
small treatment effects, leading to questions about the ef-
fectiveness of the intervention (6). Our results confirm that
patients with low back pain who are likely to benefit from
manipulation can be identified with increasing certainty.
Patients who were positive on the rule and treated with
manipulation had greater improvements in pain and dis-
ability after 1 and 4 weeks than patients who were positive
on the rule and received exercise intervention and patients
who were negative on the rule and received manipulation.
These results were maintained at the 6-month follow-up. A
patient’s status on the rule was of little relevance in deter-
mining the outcome of patients treated with the exercise
intervention. These findings support the hypothesis that

Figure 3. Two-dimensional graphical representation of the 3-way clinical prediction rule � treatment group � time interaction for the
Oswestry Disability Questionnaire (ODQ) score (P < 0.001).

Lower scores represent less disability.

Table 2. Baseline Demographic and Self-Reported Variables for Both Treatment Groups*

Variable All Patients
(n � 131)

Manipulation Group
(n � 70)

Exercise Group
(n � 61)

P Value

Age, y 33.9 � 10.9 33.3 � 11.2 34.6 � 10.6 �0.2
Women, % 42 42.9 41.0 �0.2
Body mass index, kg/m2 27.1 � 4.5 27.7 � 4.7 26.3 � 4.1 0.08
Current smokers, % 22.9 17.1 29.5 0.09
History of low back pain, % 67.9 65.7 70.5 �0.2
Previous improvement with manipulation for low back pain, % 22.1 15.7 29.5 0.06
Median duration of current symptoms, d 27 22 30 �0.2
Medication use for low back pain, % 84.0 87.1 80.3 �0.2
Missed any work for low back pain, % 39.8 41.2 38.3 �0.2
Symptoms distal to the knee, % 23.7 25.7 21.3 �0.2
FABQ physical activity subscale score 17.0 � 4.3 16.8 � 4.9 17.3 � 3.5 �0.2
FABQ work subscale score 17.0 � 10.3 16.5 � 10.1 17.4 � 10.5 �0.2
ODQ score 41.2 � 10.4 41.4 � 10.1 40.9 � 10.8 �0.2
Pain score 5.8 � 1.6 5.7 � 1.7 5.9 � 1.5 �0.2

* Values presented with a plus/minus sign are means � SD. FABQ � Fear-Avoidance Beliefs Questionnaire; ODQ � Oswestry Disability Questionnaire.
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the rule is valid for identifying patients with low back pain
who are likely to respond rapidly to manipulation.

The purpose of a clinical prediction rule is to improve
decision making (12, 42). The rule we studied is designed
to enhance decision making about management of patients
with low back pain; such guidance has historically been
lacking. As seen in the development study (17), in our
study a threshold of at least 4 of 5 criteria maximized the
positive likelihood ratio for predicting rapid success with
manipulation. On the basis of a pretest probability of suc-
cess of 44% and a positive likelihood ratio of 13.2, a pa-
tient positive on the rule and treated with manipulation
has a 92% chance of achieving a successful outcome by the
end of 1 week (43). Given the low risk related to manip-
ulation of the lumbar spine (44), a shift of this magnitude
clearly seems to justify an attempt at spinal manipulation.
Even if the lower bound of the 95% CI of 3.4 is presumed
to be the point estimate, the post-test probability of success
is 73.0%. Conversely, the negative likelihood ratio associ-
ated with patients who met fewer than 3 criteria was 0.10.
By using the same pretest probability, patients with fewer
than 3 criteria would have only a 7% probability of suc-
cess, indicating the need for alternative treatment. We saw
similar accuracy at 4 weeks and 6 months, supporting the
prognostic value of the rule at a longer follow-up.

The potential effect of the rule on decision making is
also highlighted by the numbers needed to treat. For pa-
tients positive on the rule, the number needed to treat for
benefit with manipulation was 1.3 at 1 week and 1.9 at 4

weeks. These statistics suggest that only about 2 patients
who are positive on the rule need to be treated with ma-
nipulation to prevent 1 patient from not achieving a suc-
cessful outcome after 1 or 4 weeks of treatment. The po-
tential value of such an early, rapid reduction in disability
is evident from studies showing that individuals with low
back pain who experience persistent disability for as few as
4 weeks are at increased risk for chronic disability and work
restrictions (23, 45–47). Because patients with chronic,
disabling low back pain account for a disproportionate
share of health care expenditures and workers’ compensa-
tion costs (46), the potential cost savings of an early, effec-
tive intervention to prevent even a few individuals from
progressing to chronic disability may be considerable. This
contention is supported by the 6-month follow-up data. A
statistically significantly smaller proportion of patients who
were positive on the rule and received manipulation were
seeking additional health care for back pain than patients who
were negative on the rule but did not receive manipulation.
More research on the cost-effectiveness and long-term benefits
of the rule is needed to support this hypothesis.

Evidence suggests that patients with early access to
physical therapy tend to return to work sooner than when
referral is delayed (48). In this study, having symptoms for
less than 16 days was the most accurate individual variable
in the rule, with a positive likelihood ratio of 4.4 (CI, 2.0
to 9.6). The positive likelihood ratio for this criterion in
patients who received the exercise program alone was close
to 1.0, suggesting negligible shifts in the probability of a

Table 3. Pairwise Comparisons for the Modified Oswestry Disability Questionnaire Score Change at the 1-Week, 4-Week, and
6-Month Follow-ups*

Comparison 1-Week Modified ODQ Score 4-Week Modified ODQ Score 6-Month Modified ODQ Score

Difference
(95% CI)

P Value Difference
(95% CI)

P Value Difference
(95% CI)

P Value

Manipulation group vs. exercise group 9.2 (4.4 to 14.1) �0.001 8.3 (2.4 to 14.2) 0.006 10.1 (4.3 to 15.9) 0.001
Manipulation group (positive on the rule) vs.

manipulation group (negative on the rule) 15.0 (8.5 to 21.5) �0.001 15.2 (7.1 to 23.3) �0.001 10.3 (2.2 to 18.4) 0.014
Manipulation group (positive on the rule) vs.

exercise group (positive on the rule) 20.4 (13.0 to 28.8) �0.001 14.6 (5.4 to 23.8) 0.003 12.9 (3.5 to 22.3) 0.008
Exercise group (positive on the rule) vs. exercise

group (negative on the rule) �1.9 (4.9 to –8.6) �0.2 6.5 (–1.8 to 14.8) 0.127 6.8 (–1.5 to 15.2) 0.112

* Higher values represent larger improvements in disability. A similar pattern was observed for pain intensity. ODQ � Oswestry Disability Questionnaire.

Table 4. Responses to Questions at 6-Month Follow-up*

Question Manipulation Group, % Exercise Group, %

Overall
(n � 52)

Positive on
the Rule
(n � 18)

Negative on
the Rule
(n � 34)

Overall
(n � 40)

Positive on
the Rule
(n � 16)

Negative on
the Rule
(n � 24)

Have you taken any medications for back pain in the past week? 36.5 27.8 41.2 60.0† 43.8 70.8
Are you presently seeking treatment for back pain? 11.5 11.1 11.8 42.5† 43.8‡ 41.7
Have you missed any time at work in the past 6 weeks because of back pain? 9.6 5.6 11.8 25.0† 25.0 25.0

* Numbers are the percentages of patients responding “yes” to the question.
† Significant difference between the overall proportion of patients responding “yes” in the manipulation and exercise groups (P � 0.05).
‡ Significant difference between the proportion of patients who were positive on the rule in the manipulation and exercise groups (P � 0.05).
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successful outcome. However, only 35% of patients (46 of
131) had symptoms for less than 16 days, emphasizing the
need for early access to physical therapy intervention in the
rehabilitation of patients with low back pain.

Given the 70.2% response rate at the 6-month follow-
up, we performed a subsequent “completers only” analysis
among patients with all follow-up data available. Similar
statistically significant and clinically meaningful findings
are observed for the overall multivariate ANOVA and per-
tinent post hoc comparisons at the 1- and 4-week follow-
ups. Compared with the last-observation-carried-forward
assumption, just enough statistical power was lost at the
6-month follow-up to result in non–statistically significant
differences for the post hoc comparisons. However, the
magnitudes of change were maintained, clearly represent-
ing improvements that would be clinically meaningful to
patients. However, the degree of dropout and the uncer-
tainty in the final outcomes of those who dropped out
make this conclusion uncertain.

Our results reinforce the importance of matching in-
dividual patients to interventions from which they are
likely to benefit. It is highly unreasonable to expect that all
patients with low back pain would benefit from any single
intervention, including manipulation. This assumption,
however, seems to underlie the design of many previous
studies that have compared heterogeneous samples, often
with equivocal results. Manipulation may benefit a sub-
group of patients with low back pain (6), and focusing
research on this subgroup could enhance the power of fu-
ture clinical research. We identified 36% of patients (47 of
131) who were positive on the rule, thus considered likely
to benefit from spinal manipulation. The observed effect of
manipulation on disability and pain among these patients
was statistically significantly greater than the effect of ma-
nipulation on the group as a whole.

This rule corresponds to a level II clinical prediction
rule (49), and clinicians caring for patients with low back
pain can have increased confidence in using the rule to
improve decision making. Future research should deter-
mine the effect of the rule’s implementation on practice
patterns, outcomes of care, and costs (12).
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APPENDIX 1: METHODS FOR ASSESSING A PATIENT’S
STATUS ON EACH CRITERION IN THE SPINAL

MANIPULATION CLINICAL PREDICTION RULE

1. Duration of Current Episode of Symptoms Less than
16 Days

Patients are asked to report the number of days since the
onset of their current episode of low back pain.

2. Location of Symptoms Not Extending Distal to the
Knee

A body diagram is used to assess the distribution of symp-
toms (19, 50, 51). We categorize the location of symptoms as
being in the back, buttock, thigh, or leg (distal to knee) by using
the method described by Werneke and colleagues (52), who
found high inter-rater reliability (� � 0.96).

3. Score on the FABQ Work Subscale Less than 19
Points

The FABQ (21) is subdivided into 2 subscales, a 5-item
physical activity subscale (questions 1 to 5) and a 16-item work
subscale (questions 6 to 16). Decision making using the rule
requires only the FABQ work subscale score. However, all items
on the questionnaire should be completed since they were in-
cluded when the psychometric properties of the instrument were
established. Each item is scored from 0 to 6; however, not all
items within each subscale contribute to the score. Four items
(items 2, 3, 4, and 5) are scored for the FABQ physical activity
subscale, and 7 items (items 6, 7, 9, 10, 11, 12, and 15) are
scored for the FABQ work subscale. Each scored item within a
particular subscale is summed; thus, possible scores range from 0
to 42 and 0 to 28 for the FABQ work and FABQ physical
activity subscales, respectively. Higher scores represent increased
fear–avoidance beliefs.

4. At Least 1 Lumbar Spine Segment Judged To Be
Hypomobile

Segmental mobility of the lumbar spine is tested with the
patient prone and the neck in neutral rotation. Testing is per-
formed over the spinous processes of the vertebrae (53, 54). The
examiner stands at the head or side of the table and places the
hypothenar eminence of the hand (that is, the pisiform bone)
over the spinous process of the segment to be tested. With the
elbow and wrist extended, the examiner applies a gentle but firm,
anteriorly directed pressure on the spinous process. The stiffness
at each segment is judged as normal, hypomobile, or hypermo-
bile. The examiner interpreted whether a segment is hypomobile
on the basis of the examiner’s anticipation of what normal mo-
bility would feel like at that level and compared with the mobility
detected in the segment above and below. Some authors have
reported poor inter-rater reliability for judgments of spinal seg-
mental mobility on scales with 7 to 11 levels of judgments (55–
57). Studies using mobility judgments similar to those in our
study have reported adequate inter-rater reliability (� � 0.40 to
0.68) (58, 59).

5. At Least 1 Hip with More than 35 Degrees of Internal
Rotation Range of Motion

Hip range of motion is tested bilaterally with the patient
lying prone and with the cervical spine at the midline. The ex-
aminer places the leg opposite that to be measured in approxi-
mately 30 degrees of hip abduction to enable the tested hip to be
freely moved. The lower extremity of the side to be tested is kept
in line with the body, and the knee on that side is flexed to 90
degrees. A gravity inclinometer is placed on the distal aspect of
the fibula in line with the bone. Internal rotation is measured at
the point in which the pelvis first begins to move. Ellison and
colleagues (60) reported excellent inter-rater reliability with these
procedures (intraclass correlation coefficients, 0.95 to 0.97).

APPENDIX 2: PROCEDURES USED TO PERFORM THE

SPINAL MANIPULATION INTERVENTION

All patients received the same technique. The patient was
supine. The physical therapist stood opposite the side to be ma-
nipulated and moved the patient into side-bending toward the
side to be manipulated. The patient was asked to interlock the
fingers behind the head. The physical therapist then rotated the
patient and delivered a quick thrust to the pelvis in a posterior
and inferior direction (Figure 1). The side to be manipulated was
the more symptomatic side on the basis of the patient’s report. If
the patient could not specify a side, the physical therapist selected
a side to be manipulated. If a cavitation (that is, a “pop”) oc-
curred, the physical therapist instructed the patient in the range-
of-motion exercise. If no cavitation was produced, the patient
was repositioned and the manipulation was attempted again. A
maximum of 2 attempts per side was permitted. If no cavitation
was produced after the fourth attempt, the physical therapist
proceeded to instruct the patient in the range-of-motion exercise.
Patients were instructed to perform 10 repetitions of the range-
of-motion exercise in the clinic and 10 repetitions 3 to 4 times
daily on the days that they did not attend physical therapy. Be-
ginning with the third session, patients in the manipulation
group completed the same exercise program as patients in the
exercise group.
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