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NONSURGICAL CARE OF CHRONIC LOW BACK PAIN

Comparative Effectiveness of Exercise,
Acupuncture, and Spinal Manipulation
for Low Back Pain
Christopher J. Standaert, MD,* Janna Friedly, MD,† Mark W. Erwin, DC, PhD,‡ Michael J. Lee, MD,§
Glenn Rechtine, MD,¶ Nora B. Henrikson, PhD, MPH, and Daniel C. Norvell, PhD

Study Design. Systematic review.
Objective. We sought to answer the following clinical questions:
(1) Is structured exercise more effective in the treatment of chronic
low back pain (LBP) than spinal manipulative therapy (SMT)? (2) Is
structured exercise more effective in the treatment of chronic LBP
than acupuncture? (3) Is SMT more effective in the treatment of
chronic LBP than acupuncture? (4) Do certain subgroups respond
more favorably to specific treatments? (5) Are any of these treatments
more cost-effective than the others?
Summary of Background Data. Exercise, SMT, and acupuncture
are widely used interventions in the treatment of chronic LBP. There
is evidence that all of these approaches may offer some benefit for
patients with chronic LBP when compared with usual care or no
treatment. The relative benefits or cost-effectiveness of any one
of these treatments when compared with the others are less welldefined, and it is difficult to identify specific subgroups of those with
chronic LBP who may preferentially respond to a particular treatment
modality.
Methods. A systematic review of the literature was performed
to identify randomized controlled trials comparing a structured
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exercise program, SMT, or acupuncture with one another in patients
with chronic LBP.
Results. Two studies were identified comparing the use of structured
exercise with SMT that met our inclusion criteria. Although these
studies utilized different approaches for the exercise and SMT
treatment groups, patients in both groups improved in terms of pain
and function in both studies. Using random-effects modeling, there
was no difference between the exercise and SMT groups when the data
from these studies were pooled. We identified no studies meeting our
inclusion criteria that compared acupuncture with either structured
exercise or SMT or that addressed the relative cost-effectiveness of
these approaches in the treatment of patients with chronic LBP.
Conclusion. The studies identified indicate that structured
exercise and SMT appear to offer equivalent benefits in terms of
pain and functional improvement for those with chronic LBP with
clinical benefits evident within 8 weeks of care. However, the level
of evidence is low. There is insufficient evidence to comment on
the relative benefit of acupuncture compared with either structured
exercise or SMT or to address the differential effects of structured
exercise, SMT, or acupuncture for specific subgroups of individuals
with chronic LBP. There is also insufficient evidence regarding
the relative cost-effectiveness of structured exercise, SMT, or
acupuncture in the treatment of chronic LBP.
Clinical Recommendations. Structured exercise and SMT appear
to offer equivalent benefits in the management of pain and function
for patients with nonspecific chronic LBP. If no clinical benefit is
appreciated after using one of these approaches for 8 weeks, then
the treatment plan should be reevaluated and consideration should
be given to modifying the treatment approach or using alternate
forms of care. Strength of recommendation: Weak.
There is insufficient evidence regarding the relative benefits of the
acupuncture compared with either structured exercise or SMT in the
treatment of chronic LBP.
There is insufficient evidence to address differential effects of
structured exercise, SMT, or acupuncture for specific subgroups of
individuals with chronic LBP.
There is insufficient evidence regarding the relative cost-effectiveness
of structured exercise, SMT, or acupuncture in the treatment of
chronic LBP.
Key words: acupuncture, chiropractic, comparative effectiveness,
cost-effectiveness, exercise, low back pain, spinal manipulative
therapy, systematic review. Spine 2011;36:S120–S130
October 2011

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

BRS204667.indd S120

20/09/11 10:23 AM

NONSURGICAL CARE OF CHRONIC LOW BACK PAIN

M

ost people with chronic low back pain (LBP) are
managed nonoperatively, but it is very difficult to
know which, if any, of the myriad of treatment
options available will be the most effective for a given patient.
In part, this is related to the heterogeneity of the patient population. LBP can arise from a number of different anatomic
structures or can be related to a large range of pathologic conditions in the spine, and people have highly variable responses
to ongoing pain. Chronic pain can also be associated with
significant physiologic, neurobiologic, and psychosocial
changes that may vary substantially between individuals. If
these multiple factors are considered alongside the large range
of treatment options available, then it can be extremely challenging to match the right treatment to the right patient. The
cost of this uncertainty is hardly insignificant. A recent review
by Dagenais et al1 found that nonphysician care, including
physical therapy, chiropractic, and complementary alternative medicine, accounted for 30% of the direct medical costs
for care of those with chronic LBP, equivalent to the amount
attributed to inpatient, outpatient, surgical, and emergency
medical care combined. Physical therapy alone accounted for
17% of the expenditures on chronic LBP, while the costs for
surgery accounted for only 5%.1
Although there is clearly a critical need to identify which
treatment options optimize clinical utility and cost-effectiveness for specific patients, much of the literature on the nonoperative management of chronic LBP consists of uncontrolled
trials or comparisons of a particular intervention to ineffective
forms of “usual care.” In addition, study patients are often
clustered into mixed groups that dilute the effect of treatment
on subsets of the population or they are selected by subjective criteria that limit the external validity of the findings.
The purpose of this review is to assess the literature regarding
comparative studies of specific noninterventional, nonoperative treatment approaches for chronic LBP, and to advance the
process of selecting between specific treatments.
Three distinct, commonly utilized therapeutic modalities
were chosen for study: exercise, spinal manipulative therapy
(SMT), and acupuncture. These particular treatments were
selected on the basis of author consensus after initial assessment of the available literature. Multiple systematic reviews
are available on these approaches that provide an appropriate background for further evaluation. For each of these
treatments, there are significant variations in how they are
defined, applied, or practiced, as well as in the skill level and
training of providers. In addition, they are all accompanied
by a number of nonspecific effects through the very nature of
how they are delivered. This does not limit the importance of
understanding their role in clinical care, but it does make the
assessment of their benefits more challenging.

EXERCISE
Exercise programs come in many forms and are delivered
in a variety of settings, frequently with multiple cointerventions. Several recent systematic reviews have addressed the
role of exercise in the treatment of LBP. In the work of van
Middelkoop et al,2 the authors concluded that the exercise
Spine
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was effective at reducing pain and increasing function compared with usual care with a small effect size. There was no
evidence to indicate that one exercise approach was superior
to others; however, and there were inadequate data on effects
within specific subgroups. Although they also concluded
that there was no difference between exercise and SMT in
short- or long-term benefits for LBP, the studies included in
their review did not all address comparisons between an isolated, structured exercise approach and SMT, particularly the
delivery of high-velocity manipulation by trained providers.
Cochrane reviews on exercise as a treatment for chronic LBP3
and for preventing recurrences of LBP4 have concluded that
exercise is “slightly effective” at reducing pain and increasing
function in adults with chronic LBP and that posttreatment
exercise programs are more effective than no treatment at
preventing recurrences of LBP. Overall, the level of evidence
is low in these reviews, and the quality of the literature is relatively poor and hampered by heterogeneity of both treatment
approaches and patient populations.

SPINAL MANIPULATION
The most recent Cochrane review of spinal manipulation in
chronic LBP5 concluded that SMT results in a small, statistically significant but not clinically significant improvement
in pain and function in patients with chronic LBP compared
with other treatments. The authors identified evidence of
varying levels of quality indicating that SMT has a short-term
effect on pain and disability when added to another treatment
and felt there was a significant need for cost data. As with
the exercise literature, this study and the work on which it is
based are affected by heterogeneity in the patient populations
studied and in the manipulative technique applied. What is
referred to as SMT may include high-velocity thrust techniques, manual mobilization, or other specific techniques or
even broad treatment approaches such as osteopathy, which
cloud the actual treatment effect of specific manipulative techniques. Although a number of studies have assessed the physiologic effects of SMT, the proper role of this treatment modality remains elusive, as does the most appropriate use of this
modality as compared with other nonoperative methods.6–10

ACUPUNCTURE
Traditional acupuncture is based on ancient Chinese philosophical beliefs regarding the flow of vital energy through the body
along the discrete pathways termed meridians. In acupuncture
treatment, specific points along these meridians are utilized to
balance the energy flows within the body. Many different styles
of acupuncture and adjunctive techniques have developed over
time as its use has disseminated into other cultures.11 Although
its mechanism of action is poorly understood, acupuncture is
widely utilized in the treatment of LBP.12 Acupuncture may be
superior or equivalent to medical care,13 waiting list control,14
or usual care.15,16 A systematic review by Furlan et al11 found
acupuncture to be more effective than no treatment or sham
in the management of chronic LBP but not more effective than
other conventional approaches. The authors of this study noted
low-methodologic quality for most of the studies identified.
www.spinejournal.com
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COST-EFFECTIVENESS
Given dramatic increases in medical costs and the questionable efficacy of a variety of treatments for LBP,17,18 it is
increasingly important to include cost-effectiveness analyses in comparative effectiveness research. To date, the costeffectiveness of many treatments for LBP, including SMT
and acupuncture compared with structured exercise, has
not been well-defined. Two recent systematic reviews have
examined cost-effectiveness of a variety of treatments for
LBP and highlight the major limitations of the existing
literature on this topic. Dagenais et al19 identified only 15
cost-utility analyses for any treatments associated with LBP,
including surgical and nonsurgical interventions. Of these,
no studies included SMT, two studies included acupuncture, and only two were performed in the United States. The
authors concluded that there was not enough high-quality
evidence to determine the relative cost-effectiveness of most
treatments for LBP, including SMT and acupuncture. Most
analyses were performed in the United Kingdom or other
European countries with markedly different health care systems than the United States.
A similar systematic review by Lin et al20 evaluated treatments endorsed by the clinical practice guidelines of the
American College of Physicians and the American Pain Society, including interdisciplinary rehabilitation, exercise, acupuncture, massage, SMT, yoga, cognitive behavioral therapy,
or relaxation for subacute or chronic LBP. This review identified 26 studies in total, although no additional studies were
identified comparing SMT or acupuncture with other treatments for chronic LBP beyond those included in the review
of Dagenais et al.19 Despite the overlap in the studies that
formed the basis of these reviews, Lin et al20 reached conclusions contrary to those of Dagenais et al19 finding that a variety of treatments for chronic LBP, including acupuncture and
SMT, are relatively cost-effective. The inconsistencies in these
reviews are emblematic of the need for high-quality costeffectiveness studies comparing treatments for LBP, including
exercise, SMT, and acupuncture, a need that is particularly
acute within the context of the US health care system.

OBJECTIVES
The intent of this review was to evaluate the relative efficacy
of structured exercise, SMT, and acupuncture in the treatment of chronic LBP and to assess the cost-effectiveness of
these approaches. We sought to answer the following clinical
questions:
1. Is structured exercise more effective in the treatment of
chronic LBP than SMT?
2. Is structured exercise more effective in the treatment of
chronic LBP than acupuncture?
3. Is SMT more effective in the treatment of chronic LBP
than acupuncture?
4. Do certain subgroups respond more favorably to specific
treatments?
5. Are any of these treatments more cost-effective than the
others?
S122
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MATERIALS AND METHODS
Electronic Literature Database
We conducted a systematic search in MEDLINE and the
Cochrane Collaboration Library for literature published
through December 2010. The search results were limited to
human studies published in the English language. Reference
lists of key articles were also systematically checked to identify additional eligible articles. Considering the substantial
literature on interventions for LBP, we limited our search to
randomized controlled trials (RCTs) and meta-analyses that
studied the interventions of interest. We included studies
evaluating adult patients with chronic LBP with or without
radiating pain for at least 3 months. In contrast to other published systematic reviews, we sought to identify studies where
a clear comparison could be made between the interventions
of interest (exercise, manipulation, and acupuncture) to avoid
heterogeneity that often leads to little or no observed effect
or effects that cannot be generalized to the clinical setting.
Hence, we excluded studies with combination treatments
(e.g., manipulation and exercise, multimodality physical
therapy). To avoid bias, we also excluded studies with selection criteria that were either too subjective, not applied in the
typical clinical setting, or too strict to allow generalization
to the larger population of patients with LBP (e.g., pain in a
specific area of the spine required for inclusion) and studies
whose data presentation did not allow separate analysis only
of those with chronic LBP (Table 1).
For question 4, we assessed the RCTs that met the study
criteria for questions 1 to 3 to identify those that included
subgroup analysis stratifying one or more subgroups. Papers
had to provide raw data for each treatment intervention by
subgroup so that the heterogeneity of treatment effects could
be evaluated, unless the authors reported specific tests for
interaction.
For question 5, we searched for economic evaluation studies that compared treatments defined in questions 1 to 3. We
limited our results to cost-effectiveness or cost-utility analyses and excluded cost-only studies. We excluded studies if the
treatments of interest were not randomized, pediatric studies
(<18 years of age), and patients with cancer, inflammatory or
systemic disease, instability, infection, or pregnancy. We also
excluded studies where the treatment arms included multiple
treatment modalities. We were interested in studies that evaluated the costs and the effectiveness of the specific treatment
comparisons in questions 1 to 3.

Article Selection and Data Extraction
Two reviewers (N.H. and D.N.) independently reviewed each
retrieved citation. After title and abstract review, we selected
articles for full-text review that were (1) likely eligible articles
or (2) could not be excluded unequivocally from the title or
abstract. Full-text articles were reviewed independently by four
reviewers (C.S., M.E., N.H., and D.N.); disagreements were
resolved by consensus. Final-included articles were decided by
consensus among the entire author team (Figures 1 and 2).
October 2011

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

BRS204667.indd S122

20/09/11 10:23 AM

NONSURGICAL CARE OF CHRONIC LOW BACK PAIN

Exercise, Acupuncture, and Spinal Manipulation for LBP •
Standaert et al

TABLE 1. Inclusion and Exclusion Criteria for Study Questions 1–3 (PICO)
Inclusion

Exclusion

Patients
Age ≥ 18

<18 years old

Pain ≥ 3 months

Cancer, deformity, instability, infection, trauma, and pregnancy-related LBP

With or without leg pain

Selection criteria based on subjective, nonreplicable criteria (e.g., clinician selection of
participants)

Intervention
Structured exercise program
Spinal manipulation therapy with highvelocity thrust

Other passive forms of LBP treatment (e.g., herbs, modalities)
Combination treatments that preclude the isolation of one of the interventions of interest
(e.g., groups that get exercise and manipulation)

Acupuncture
Comparator
Q1: Exercise vs. manipulation

Q1–Q3:

Q2: Exercise vs. acupuncture

Physical therapy, where focus is on therapist interventions rather than structured exercise

Q3: Manipulation vs. acupuncture

Lack of a distinct intervention group (i.e., significant treatment heterogeneity)

Q4: Subgroups

Usual care (back school, education)

Q5: Cost-effectiveness

Other passive LBP treatments
Q4:
No separate treatment effect for each subgroup of interest.
Included risk factor regression analysis but did not do a test for interaction.
Q5:
Lack of a distinct intervention group (i.e., significant treatment heterogeneity)

Outcome
Pain

Cost only

Physical function/disability
Quality of life/general health
Satisfaction with treatment
Cost per outcome (cost-effectiveness)
Study design
Meta-analyses

Nonrandomized comparison studies

RCTs

Case reports
Nonclinical studies
Case series

LBP indicates low back pain; RCTs, randomized controlled trials.

From the included articles, we extracted the following information: study design, population, diagnosis, intervention
description, outcome measures, and relevant results.

Bone Joint Surg Am)21 for therapeutic studies and modified
to delineate criteria associated with methodologic quality and
described elsewhere.22

Study Quality

Analysis

Level of evidence ratings were assigned to each included
article independently by two reviewers using criteria set by
The Journal of Bone and Joint Surgery, American Volume (J

We performed all analyses on a study level. For pain visual
analogue scales, we standardized all scales on a 0- to 10-point
scale. We calculated the change scores and the corresponding

Spine
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Overall Strength of Body of Literature

Figure 1. Flow chart showing the results of literature search identifying
RCTs comparing each of the three treatment interventions.

standard deviations from pre- and postoperative pain and
function scores reported by the authors. Study level data were
pooled across studies if the treatment comparisons and outcomes were the same or similar and if sufficient data were
provided to calculate effect sizes. The standardized mean differences (SMDs) comparing the overall treatment effects were
calculated by subtracting the mean change scores and dividing by the change score standard deviations. The reporting
of effect estimates facilitates the interpretation of the size of
the effect of a specific treatment as opposed to the statistical significance. Both fixed-effect and random-effect estimates
were performed for pooled data. Fixed-effects methods are
based on the assumption that a single common effect underlies each study being pooled with no significant heterogeneity among the studies. Random-effects methods are based on
the assumption that individual studies are estimating different
treatment effects, reflective of heterogeneity. That is, randomeffects methods allow that the true effect could vary from
study to study which accounts for both within- and betweenstudy error.

Figure 2. Flow chart showing the results of literature search identifying
cost-effectiveness studies associated with the three comparisons.
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The initial strength of the overall body of evidence was considered high if the majority of the studies were level 1 or 2 and
low if the majority of the studies were level 3 or 4. We downgraded the body of evidence one or two levels based on the
following criteria: (1) inconsistency of results, (2) indirectness
of evidence, or (3) imprecision of the effect estimates (e.g.,
wide confidence intervals). We upgraded the body of evidence
one or two levels based on the following criteria: (1) large
magnitude of effect or (2) dose-response gradient. The overall
strength of the body of the literature was expressed in terms
of our confidence in the estimate of effect and the impact that
further research may have on the results. An overall strength
of “high” means we have high confidence that the evidence
reflects the true effect. Further research is very unlikely to
change our confidence in the estimate of effect. The overall
strength of “moderate” means that we have moderate confidence that the evidence reflects the true effect. Further research
may change our confidence in the estimate of effect and may
change the estimate. A grade of “low” means we have low
confidence that the evidence reflects the true effect. Further
research is likely to change the confidence in the estimate of
effect and likely to change the estimate. Finally, a grade of
“insufficient” means that evidence either is unavailable or
does not permit a conclusion. A more detailed description of
this process can be found in the “Materials and Methods”
section.22

RESULTS
Manipulation Versus Exercise
For question 1 (manipulation vs. exercise), our systematic
search identified 18 potential studies and 2 systematic reviews
(Figure 1). We identified two additional studies published
since the most recent review.2 Among the 18 potential studies,
we selected 7 for full-text review.23–29 Among these, five were
excluded for the following reasons: subjective selection criteria (tenderness over facet joints required),27 lack of a clearly
defined spinal manipulation group,25 treatment intervention
not randomized,26 no structured exercise group and inclusion
of patients with less than 3 months of LBP,28 and lack of a clean
exercise versus manipulation comparison.23 Consequently, this
question included two studies: one identified in the review by
van Middelkoop et al2 (Ferreira et al24) and the other published
since that review (Cecchi et al.29). Details of study characteristics and patient populations are in the supplementary digital material (see supplementary tables, Supplemental Digital
Content 1, http://links.lww.com/BRS/A540 and Supplemental
Digital Content 2, http://links.lww.com/BRS/A541).
In the first included article, Ferreira et al24 conducted an
RCT of 240 adults with chronic LBP comparing SMT (defined
as joint mobilization or manipulation applied to the spine or
pelvis by a physical therapist), general exercises performed
under supervision, and motor control exercises (focused on
specific trunk muscles thought to control intersegmental
motion in the lumbar spine).24 Treatment was performed over
an 8-week period with initial follow-up at 8 weeks and final
October 2011

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

BRS204667.indd S124

20/09/11 10:23 AM

NONSURGICAL CARE OF CHRONIC LOW BACK PAIN

Figure 3. Forest plot representing the SMD and 95% CI comparing
the motor control exercise with the manipulation with respect to pain
using a VAS in two studies meeting criteria (random-effects model).

follow-up at 12 months. Study outcomes were the patientspecific functional scale, the global-perceived effect scale, pain
(visual analog scale), Roland-Morris Disability Questionnaire
score, and global-perceived effect scale. We summarized the
visual analog scales and the Roland-Morris Disability Questionnaire scores as the other study in our review also reported
these measures. Clinical improvement was noted in all groups
at 8 weeks. At 12 months, there was no significant difference
when comparing the motor control exercise group and the
SMT group with respect to changes in pain (SMD = −0.26;
95% confidence interval [CI]: −0.57 to 0.51;) Table 2 and
Figure 3). With respect to changes in function, the motor control exercise group was favored (SMD = −2.07; 95% CI:
−2.46 to −1.69) (Table 2 and Figure 4). Similar findings were
observed with general exercise compared with SMT, although
the relative change in function was less than that noted for the
motor control exercise group (Table 2). The authors reported
no significant difference between groups with respect to the
patient-specific functional scale and global-perceived effect
scale.
In the second included study, Cecchi et al29 conducted
an RCT of patients with chronic LBP assigned to receive a
3-week intervention of either back school (including “individual tailored” exercises) or mixed physiotherapy or a 4- to
6-week SMT intervention (performed via a “manual medicine approach” by physical medicine and rehabilitation specialists with approximately 10 years of experience).29 Followup was for 12 months; the primary study outcomes were the
Roland-Morris Disability Questionnaire score and secondary outcomes were pain, pain recurrence, further back pain
treatment, and sick leave. Although change in pain (SMD =
5.32; 95% CI: 4.61–6.04) and function (SMD = 2.32; 95%
CI: 1.89–2.76) favored the SMT group (Table 2 and Figures 3
and 4), further treatment for LBP during the follow-up period
was significantly more frequent in the SMT group. Approximately 50% of this group received further SMT, and the exercise program provided in the “back school” was limited in
scope and delivered only over the final 2 weeks of the program. In addition, a greater proportion of patients in the
“back school” group were on sick leave due to their back
pain at study inception.
The pooled analysis used the motor control exercise group
instead of the general exercise group from the Ferreira et al
study24 since the effects were larger. We chose not to pool
Spine
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the two exercise groups from this study as they were distinct
from one another. Any effect added by the general exercise
group would move the difference closer to the null. When the
two studies were pooled, spinal manipulation was favored
slightly over motor control exercise (SMD = 0.632; 95% CI:
0.347–0.917) with respect to pain when using a fixed-effect
model and no significant difference was observed when using
a random-effects model (SMD = 2.52; 95% CI: −2.95–8.0)
(Table 2 and Figure 3). We are relying on the random-effects
model for our conclusions due to the substantial differences
between both the SMT and exercise interventions in the two
studies and the significant heterogeneity in the treatment
effects. Neither intervention was favored with both the fixedand random-effects models with respect to function (Table 2,
Figure 4).

Acupuncture Versus Exercise
For question 2 (acupuncture vs. exercise), our initial search
yielded 12 potential articles, 10 of which were excluded on
the basis of our criteria (five did not include adequate exercise comparison group; three were not RCTs; two assessed
pregnancy-related LBP). Two articles were selected for fulltext review; however, neither was selected for inclusion in
our review13,30 (Figure 1). The study by Haake et al13 included
1162 patients and compared verum acupuncture, sham acupuncture, and “conventional care.” This article was excluded
because the comparison group received a combination of
drugs, physical therapy, and exercise. Interestingly, this study
found that the “true” and “sham” acupuncture groups
had equivalent degrees of improvement compared with the
“conventional care” group. A smaller study of 52 patients
by Yeung et al30 comparing exercise alone to exercise with
electro-acupuncture was excluded, because acupuncture was
delivered as part of a combined treatment approach.

Acupuncture Versus Manipulation
For question 3 (acupuncture vs. manipulation), our initial
search yielded 17 potential articles, 14 of which were excluded
because they were not RCTs. Three were selected for full-text
review; one was excluded because it did not include interventions of interest.31 The remaining two articles were based on
the same RCT32,33 and were excluded because patients had
spine problems affecting the cervical, thoracic, and/or lumbar
regions, not isolated chronic LBP, and the data were not presented in a manner that allowed for isolation of the patients
with only LBP (Figure 1).

Subgroups and Cost-Effectiveness
For question 4 (subgroups), we examined the studies
included for questions 1, 2, and 3 (total = two studies).
Neither study included subgroup analyses. For question 5, cost-effectiveness studies evaluating treatment of
chronic LBP, our initial search yielded 79 citations. Ten
were selected for full-text review. All 10 articles were
subsequently excluded from our review: two were review
or methods articles19,34; two did not meet our inclusion
criteria for economic evaluations35,36; two did not meet
www.spinejournal.com
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TABLE 2. Mean Baseline, Change Scores, and Standardized Individual and Pooled Mean Differences

for Pain and Functional Outcomes
N

Mean
Baseline

SD

Mean
Change

SD

SMD (95% CI)*
Pain

SMD (95% CI)
Function

Pain

80

6.5

2.1

−1.3

0.39

0.00 (−0.31 to 0.31)

−1.31 (−1.66 to −0.97)

Roland-Morris disability

80

14.1

5.5

−4.5

0.99

Pain

80

6.3

2.0

−1.4

0.39 −0.26 (−0.57 to 0.51)

Roland-Morris disability

80

14.0

5.3

−5.2

0.94

Pain

80

6.2

2.0

−1.3

0.38

Roland-Morris disability

80

12.4

5.7

−3.2

0.99

Pain

68

2.0

1.0

−0.7

0.16

Roland-Morris disability

68

9.5

4.7

−4.2

0.79

Pain

69

2.2

0.8

−1.5

0.14

Roland-Morris disability

69

8.4

4.3

−5.9

0.67

Ferreira et al General exercise

Motor control exercise
−2.07 (−2.46 to −1.69)

Manipulation

Cecchi et al
Back school/exercise
5.32 (4.61–6.04)

2.32 (1.89–2.76)

Pooled fixed effects†

0.632 (0.347–0.917)

−0.138 (−0.426 to 0.149)

Pooled random effects†

2.52 (−2.95 to 8.0)

0.124 (−4.18 to 4.43)

Manipulation

*The standardized mean difference (SMD) is the standardized treatment effect comparing each exercise group to spinal manipulation.
A positive SMD favors spinal manipulation, whereas a negative favors exercise.
†The pooled analysis used the motor control exercise group instead of the general exercise group from the Ferreira study since the effects were larger and the
treatments were different. Any effect added by the general exercise group would move the difference closer to the null. The random effects model is most appropriate
due to the heterogeneity of treatment effects between the exercise and SMT groups. CI indicates confidence interval; SMD, standardized mean difference.

our patient-group criteria37,38; and four did not meet our
intervention criteria (Figure 2).34,39–41
Evidence Summary
The overall strength of the evidence evaluating the comparative effectiveness of the structured exercise versus SMT was
“low.” That is, we have low confidence that the evidence
reflects the true effect and further research is likely to change
the confidence in the estimate of effect and likely to change
the estimate (Table 3). The overall strength of the evidence
evaluating the comparative effectiveness of the structured
exercise versus acupuncture, SMT versus acupuncture, comparative subgroup effects, and cost-effectiveness comparing
the aforementioned treatments was “insufficient.” That is,
evidence is either unavailable or does not permit a conclusion.

DISCUSSION
Despite the high prevalence of LBP and the substantial societal and individual costs associated with it, there is very little
clinical evidence from which to base comparative decisions
S126
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for nonoperative therapeutic options for a given patient.
There are studies that support the benefit of many distinct
approaches to chronic LBP, although there are also many
studies that identify significant limitations for most treatments.
There may well be substantial benefit to simply intervening in

Figure 4. Forest plot representing the SMD and 95% CI comparing the
motor control exercise with the manipulation with respect to function
using the Roland-Morris Disability Index in two studies meeting criteria
(random-effects model).
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the pain state of individuals with chronic LBP, and the benefit
associated with many treatments may be related to nonspecific effects. When considered as a whole, the evidence regarding the superiority of one treatment above others for specific
patients is lacking. The problem is not necessarily that all
nonoperative approaches lack efficacy, but, rather, the problem may lie in the complexity of LBP and in the methodologic
shortcomings of existing clinical studies.
Given the psychosocial complexities often associated
with chronic pain, treatment approaches that address the
psychologic functioning or fundamental belief systems of
the patient regarding injury and recovery may be an important component of care for those who fail to respond to initial measures or who clearly have difficulties in this regard.
Although multimodal approaches did not fall within the
scope of this review, cognitive behavioral therapy may be a
beneficial component of care for many patients when delivered in conjunction with more active treatments.42,43 Cognitive
behavioral therapy is not necessarily a uniform therapeutic
approach and can be delivered in many settings but generally
has the primary goal of replacing maladaptive coping skills,
beliefs, and behaviors with more appropriate systems. It is
often a component of multidisciplinary pain programs and
can also accompany structured exercise or physical therapy
programs.42,44
Overall, either comprehensive registries allowing for subject stratification or comparative clinical studies with rigorous
design, identification of valid and identifiable subgroups and
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treatment arms with clearly defined interventions are a very
high priority if we are to use nonoperative measures in the
most efficacious and cost-effective manner.

EXERCISE VERSUS SPINAL
MANIPULATIVE THERAPY
Exercise as a specific therapeutic intervention to treat LBP
clearly could entail a broad range of approaches, and it
may well be the case that different exercise programs are
more appropriate for certain individuals. However, the current literature is not supportive of one particular exercise
approach being superior to others in the treatment of chronic
LBP. There may well be generalized effects from any type of
structured exercise that infer benefits for those with chronic
LBP.2,3,45 Numerous RCTs have demonstrated the overall benefit of exercise to general health and a number of authors have
noted the importance of overall fitness in LBP care and prevention.46–49
Similarly, many studies of SMT use variable approaches
that are termed “manipulation,” often delivered with cointerventions or within the framework of a specific method of
practice. In a more defined sense, SMT is a highly specific
maneuver that requires considerable training and experience. A number of published studies indicate that SMT has
some effectiveness in the treatment of acute and chronic back
pain with respect to pain and return to function.50 Clear
delineation of the relative benefits of SMT and exercise would
be beneficial for clinicians and patients.

TABLE 3. Rating of Overall Strength of Evidence for Each Key Question*
Outcome

Strength of
Evidence

Conclusions/Comments

Base- Upline grade

Downgrade

Question 1: Is structured exercise more effective in the treatment of the chronic LBP than the spinal manipulation therapy?
Pain and Function Low

One study favored the exercise and the other study favored the manipulation. When these two studies were pooled using a randomeffects model, there were no statistically significant difference
between the two treatments with respect to pain and function.

high

No

Inconsistent (1)
Imprecise (1)

Question 2: Is structured exercise more effective in the treatment of the chronic LBP than the acupuncture?
Pain and Function Insufficient

No studies were identified meeting inclusion and exclusion criteria.

Question 3: Is spinal manipulation therapy more effective in the treatment of chronic LBP than acupuncture?
Pain and Function Insufficient

No studies were identified meeting inclusion and exclusion criteria.

Question 4: Do certain subgroups respond more favorably to specific treatments?
Pain and Function Insufficient

No studies were identified meeting inclusion and exclusion criteria.

Question 5: Are any of these treatments more cost-effective than the other?
Cost-effectiveness

Insufficient

No studies were identified meeting inclusion and exclusion criteria.

*Baseline quality: high = majority of article level 1/2. Low = majority of articles level 1/2/.
Upgrade: Large magnitude of effect (1 or 2); response gradient (1);
Downgrade: Inconsistency of results (1 or 2); of evidence (1 or 2);
Imprecision of effect estimates (1 or 2).
LBP indicates low back pain.
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We identified two studies meeting our inclusion criteria
that compared the structured exercise with the SMT in the
treatment of chronic LBP. Although the exercise and SMT
interventions differed substantially between the studies, both
treatment groups showed improvements in pain and function in both studies, indicating some potential benefit of each
approach. However, the data provided by these studies are
insufficient to establish if one of these treatments is superior
to the other in the treatment of chronic LBP. As the clinical
benefits of these approaches were evident within 8 weeks
in the studies identified, it would seem reasonable to expect
some degree of clinical improvement within this time frame
for a given treatment. If there is no apparent benefit within 8
weeks, then the care plan should be reevaluated and consideration should be given to modifying the specific treatment
approach or to utilizing alternate forms of care.

ACUPUNCTURE VERSUS MANIPULATION
OR EXERCISE
Although there is some evidence that acupuncture may
potentially offer benefit for those with LBP,11 we did not
identify any RCTs fulfilling our inclusion criteria that compared acupuncture with the manipulation or structured
exercise in the treatment of chronic LBP. In the course of
our literature review, we did encounter two RCTs comparing acupuncture to sham or the simulated acupuncture with
“usual back care”13,51 that have been published since the
date of the literature review by Furlan et al.11 Both of these
studies observed significant but equivalent benefit for acupuncture and sham or simulated acupuncture over “usual
care” in the treatment of LBP. The lack of observed differences between acupuncture and simulated or sham acupuncture raises significant questions regarding the mechanism of action of this treatment, including the possibility
of a dominant role of placebo response or other nonspecific effects. Additional high-quality comparative trials are
needed to define the role of acupuncture in the treatment
of chronic LBP, and these should likely include a sham or
simulated treatment arm.

SUBGROUPS
As the number of comparative studies meeting our inclusion
criteria was small, there were insufficient data from which
to identify any subgroup that benefited from any specific
treatment. This finding speaks to the substantial limitations of the medical literature in this regard. It may also
speak to substantial problems in our medical classification
of patients with chronic LBP. It is clear that the broad categorization of patients as having “chronic LBP” lacks the
granularity needed for the researchers and the clinicians to
be able to adequately study specific therapies. Further work
on establishing clinically relevant, reliable methods of subgrouping individuals with chronic LBP is critically necessary. Appropriately structured registries may be one means
of acquiring data that allows for the identification of valid
clinical subgroups.
S128
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COST-EFFECTIVENESS
Unfortunately, there are very few published studies on the
cost-effectiveness of treatments for LBP in general. The recent
systematic reviews on this topic19,20 included studies on a wide
variety of treatment modalities and came to conflicting conclusions despite largely relying on the same limited literature
base. There is also controversy about the minimum effectiveness threshold (or alternatively, the maximum cost per quality
adjusted life year gained) that is acceptable for the treatment
of pain. This threshold could differ substantially depending
on the severity and chronicity of symptoms, prevalence of disease, and societal views about rationing care.52,53
We were unable to identify any studies of cost-effectiveness
comparing exercise, SMT, or acupuncture that met our inclusion criteria. Although not specifically addressing chronic
LBP, the UK back pain exercise and manipulation trial38 was
an interesting four-arm RCT that compared “best care” (i.e.,
a standard of care providing education) with “best care” with
structured group exercise, SMT, or SMT with group exercise.
This study found that SMT, SMT with exercise, and “best
care” could all potentially be considered cost-effective treatments for LBP depending on the maximum cost per quality
adjusted life year threshold chosen (>£8700, between £8700
and £3800, or <£3800, respectively). The exercise-alone
group demonstrated the clinical improvements as compared
with “best care”, but to a lesser degree than the SMT groups
and at a higher cost than the SMT with the exercise group.
These higher costs for the exercise group were in large part
due to the costs of additional physical therapy sessions as well
as medical care that this group received. This study highlights
the importance of defining cost-effectiveness thresholds to
interpret comparative cost data. Clearly, there is a great need
for additional cost-effectiveness studies of structured exercise,
acupuncture, and SMT for chronic LBP.

CONCLUSIONS
Exercise therapy, SMT, and acupuncture may all have a
role in the clinical management of patients with the chronic
LBP. The overall evidence of benefit for any of these is not
profound however, and we were unable to identify any evidence of comparative benefit of one of these over the others.
Given the limitations of the literature, we are also unable
to determine if they are truly equivalent, either. Acupuncture, in particular, is poorly addressed in the current literature, and evidence of equivalency between acupuncture and
sham or simulated acupuncture in the treatment of LBP has
implications regarding the use and mechanism of action of
this treatment as well as for future study.
Further data are clearly necessary, and the establishment
of the broad registries and the performance of high-quality
studies on the comparative effectiveness of exercise, SMT,
and acupuncture in the treatment of chronic LBP would
appear to be priorities for clinicians, payers, and patients.
Ideally, further clinical studies should include well-defined
treatment arms, an identifiable and clinically relevant study
population, appropriately trained providers, and enough
October 2011
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subjects to allow for subgroup analyses and power to detect
real differences. For exercise, a structured, active treatment
program without cointerventions should be considered.
SMT should consist of a clearly defined method of manipulation performed by the appropriately trained and the experienced providers. Given the literature discussed above on
acupuncture, treatment arms of established evaluation and
treatment methods as well as sham or simulated acupuncture should be included. Either identifying valid subgroups
a priori or obtaining thorough baseline demographics and
diagnostic/clinical information in a large study group to
allow post hoc analysis will be essential for identification of
differential benefits for subpopulations. Cost data and longterm outcomes should be included in such studies to reliably
assess clinical outcomes and cost-effectiveness over time.

➢ Key Points
 Structured exercise and SMT appear to oﬀer
equivalent benefits in the treatment of chronic LBP,
although the level of evidence in this regard is low.
 If there is no clinical improvement perceived within
8 weeks of initiating SMT or a particular exercise
treatment, then the care plan should be reevaluated.
 There is insuﬃcient evidence in the medical literature to determine the relative eﬀectiveness of the
acupuncture compared with either exercise or SMT in
the treatment of chronic LBP.
 There is insuﬃcient evidence in the medical literature to determine the relative cost-eﬀectiveness of
exercise, SMT, and acupuncture in the treatment of
chronic LBP.
 Comprehensive registries and comparative clinical
studies with rigorous design, identification of valid
and identifiable subgroups, and treatment arms with
clearly defined interventions are necessary if we are
to optimize the clinical and cost-eﬀectiveness of
nonoperative care for the chronic LBP.
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