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CHIROPRACTIC PATIENTS WITH ACUTE LOW BACK PAIN AT 2-WEEKS AND 4-
WEEKS

ABSTRACT

Objective: The study purpose was to investigate symptom compression rates (the
mean rate of improvement of patient outcomes) of chiropractic patients with acute low
back pain over a 4-week period.

Methods: Thirty-six patients with acute low back pain received 4 weeks of chiropractic
care. Survey data points were recorded at baseline, 2 weeks and 4 weeks later.
Outcome instruments used were the Visual Analog Scale (VAS) pain score, Roland-
Morris Low Back Pain and Disability Questionnaire (RDQ), and Short Form-36 (SF-36)
General Health Survey. Additionally, the SF-36 was sub-analyzed by scales: physical
functioning, role limitations due to physical health, energy/fatigue, and bodily pain. A
repeated-measures analysis of variance (ANOVA) was used to analyze data over time.
Results: VAS score decreased by 37.5% (p=0.00) from baseline to 2-weeks post, and
by 66.2% total (p=0.00, partial n?=0.557) from baseline to 4-weeks post. RDQ score
decreased by 32.9% (p=0.002) from baseline to 2-weeks post, and by 44.3% total
(p=0.000, partial n?=0.260) from baseline to 4-weeks post. SF-36 score increased by
17.0% (p=0.000) from baseline to 2-weeks post, and by 25.1% total (p=0.000, partial
n%=0.534) from baseline to 4-weeks post. The greatest attribute that decreased on the
SF-36 sub-analysis was role limitations due to physical health which increased by
42.4% (p=0.002) from baseline to 2-weeks post, and 51.4% total (p=0.000, partial
n%=0.496) from baseline to 4-weeks post.

Conclusion: Proportionately, the most rapid improvements in VAS, RDQ, and SF-36
occurred during the first two weeks of care compared to the last 2 weeks of care.
(Chiropr J Australia 2017;45:289-303)

Trial Registration: University Hospital Medical Information Network Clinical Trials
Registry (UMIN-CTR), trial number: UMIN 000016786 (Reg# R000019480) data: March
13, 2015.

Key Indexing Terms: Low Back Pain; Patient Outcome Assessment; Chiropractic;
Spinal Manipulation

BACKGROUND

Low back pain (LBP) has been found to be the 5th most common reason for adults to
visit their primary care provider in the US [1, 2], and is common internationally as well
[3-6]. Additionally, LBP is the second leading cause of disability in persons under 45
years of age [7, 8]. It has been estimated to cost the United States 7-20 billion US
dollars [9, 10] a year related to worker absenteeism (absent from work due to injury) and
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presenteeism (at work, but with reduced performance due to injury). In addition to
economic costs, LBP often results in reductions in health-related quality of life (HRQOL)
[11]. Effective and cost-effective treatments are needed to provide care for this condition
while minimally impacting the economy.

Chiropractic doctors are healthcare providers that treat LBP through spinal manipulative
therapy (SMT) [12-16] as well as various forms of passive and active care in a cost-
effective manner [17]. SMT is a form of care that has been shown to improve patient
outcomes amongst individuals suffering from acute and chronic LBP [15,18-22]. Studies
have demonstrated that SMT results in improvements in pain sensation [23, 24], range
of motion due to spinal hypomobility [25- 28], and function [13].

More research is needed on how quickly and significantly chiropractic care can reduce
acute LBP symptoms over the initial 4-weeks of care [29, 30, 31], due in part to varying
studies with clinical practice guidelines (CPGs) that do not fully support SMT [32]. The
rate of symptomatology improvements (the mean rate of improvement of patient
outcomes) can have direct impacts on worker absenteeism [33- 37], presenteeism [10,
38,39], medical care costs [40,41], QOL [42- 44], and other relevant variables. If
chiropractic care can result in faster improvements in patients with acute LBP than
standard allopathic care that likely would have significant implications for worker
presenteeism, QOL, and additional factors.

One method of tracking improvements for patients with LBP over time are surveys, a
self-reported outcome measure. They are subjective in nature and represent the
patient’s viewpoint of their health. Common survey tools used to measure patient
improvement rates amongst patients with LBP are the Visual Analog Scale (VAS) pain
score [45], Roland-Morris Low Back Pain and Disability Questionnaire (RDQ) [46], and
the Short Form-36 (SF-36) General Health Survey [29]. Through the utilization of survey
data, researchers can determine the subjective patient-centered LBP rate of
improvement in response to chiropractic care.

The specific objective of this study was to measure the symptomatology compression
rate of patients receiving chiropractic care for acute LBP over a 4-week period.

METHODS

This study was reviewed and approved by the Texas Chiropractic College Institutional
Review Board for human subjects in accordance with the Declaration of Helsinki. All
subjects were provided with a written and oral explanation of the study procedures prior
to participation and signed a consent form. This case series was registered with the
University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR),
trial number: UMIN 000016786 (Reg# R000019480).

Study Design, Rationale, and Setting
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This was a case series of the impact of chiropractic care on LBP patient outcomes over
a 4-week period (Fig. 1). Survey data points were recorded at baseline, 2 weeks and 4
weeks later. Survey dependent variables measured for LBP patients were: VAS pain
score, RDQ score, and SF-36. The main outcome assessments were the VAS and
RDQ. The secondary outcome assessment was the SF-36. The 2-week interval
between survey assessments was chosen based on existing research [30, 31] and test-
retest reliability studies of survey data using that time frame [47]. Study subjects
received chiropractic care at the Moody Health Center of Texas Chiropractic College.

Figure 1. Experimental design.
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Chiropractic Clinician

The state-licensed chiropractor providing care in this study had 28 years of clinician
experience and 25 years of experience as a chiropractic college instructor. During that
time, he primarily taught spinal manipulation courses. He has maintained an active
chiropractic practice throughout his years as a chiropractic college instructor. A singular
chiropractor was used in this study to keep the care provided as similar as possible
between patients to reduce the possibility of having multiple treating chiropractors act as
a covariate for data analyses.

Participant Recruitment and Randomization
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Study enrollment took place from February 2013 to October 2014. Participants (Table
1) were recruited from the greater Houston area, an ethnically diverse region of America
with over 2 million residents. According to the 2010 Census report, the racial make-up
of the area was approximately 50.5% white, 23.7% black, 6.0% Asian, 0.7% American
Indian and Alaska Native, 0.1% Pacific Islander, 19% mixed races, with 43.8% of the
population classifying themselves as Latino [48]. Researchers utilized a media blast to
recruit participants through online resources (Craigslist and Backpage), print resources
(Greensheet, Natural Awakenings magazine, and the San Jacinto College newspaper),
and via word-of-mouth. Study applicants contacted the primary investigator for
screening and their contact information was provided to the treating chiropractic
clinician if they met the inclusion and exclusion criteria (Fig. 2). This criteria was in part
adapted from the exclusion criteria that the Council on Chiropractic Guidelines and
Practice Parameters (CCGPP) recommends as contraindications to spinal manipulation
[13]. All study applicants provided an informed written consent on college-approved
documents prior to receiving treatment from the chiropractic clinician.

Table 1. Participant demographics and anthropometric attributes.

LBP
Sex (M/F) 16/20
Age (y) 47.8 + 16.0
Mass (kg) 84.5 +18.8
Height (m) 1.68 +0.10
ac;c/ir)]/qi\;lass Index 30.0 + 6.2
Age range (yrs) 17-80

Most data listed as mean + SD.

Fifty-one individuals applied for the study. Of these, 7 applicants failed to show up to
their first visit and/or failed screening. Eight participants withdrew from the study after 1-
2 visits. The most common reason cited for withdrawing was scheduling conflicts.
Thirty-six participants completed the study. Only their data was analyzed. Researchers
did not adhere to a power analysis and attempted to recruit as many LBP participants
as possible for the study based on the available research budget.

Chiropractic Care Provided

During the initial screening exam, the chiropractic clinician determined whether the
patient had acute non-specific LBP and the nature of the patient’s chief complaint.
Through his examination the doctor recorded a focused patient history, engaged in
physical examination of the patient, ordered screening X-rays as needed, and assigned
a diagnosis. The clinician tested patients’ muscles on the 5/5 strength grading scale,
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reflexes on the 5/5 Wexler scale, and utilized a hand-held goniometer to measure spinal
range of motion at the lumbar spine.

Figure 2. Study inclusion and exclusion criteria.

Inclusion criteria were:

1) acute non-specific low back pain (less than
6 weeks)

2) between the ages of 18-80 years of age
3) they provided their informed written consent

Study participants with any of the following were
excluded from the study:

1) unstable fractures

2) severe osteoporosis

3) multiple myeloma

4) osteomyelitis

5) primary bone tumor

6) Paget's disease

7) cauda equina

8) rheumatoid arthritis

9) ankylosing spondylitis

10) Reiter's syndrome

11) abdominal aortic aneurysm
12) spondylolisthesis

After the clinician diagnosed the patient he recorded baseline anthropometric and
demographic data. Then he gave them a baseline survey packet. Three survey packets
were generated for the study and they were: “baseline,” “2 weeks later,” and “4 weeks
later.” On their cover sheet there was a blank for the study participant’s identification
number. The packets measured VAS, RDQ, and SF-36 in that order. The VAS pain
score was recorded on a line with 0 to 100 marked in 20 unit increments. At each
increment mark a facial pain drawing was included. The drawing at the 100-mark (sad
face) corresponded to extreme pain and the drawing at the 0-mark (happy face)
corresponded to no pain. After study participants completed the survey, research
assistants checked them and asked respondents to complete any unfinished questions.
The clinician was blinded to the subjects’ survey responses.

Care provided by the treating doctor consisted of SMT, passive modalities, and active
care rehabilitation. The chiropractic clinician used a diversified, high-velocity, low-
amplitude technique for SMT [49]. Spinal manipulation was limited to the lumbar spine
and no attempt to record an audible cavitation was performed. Passive modalities
included ice packs, hot packs, ultrasound, interferential current, traction, stretching,
flexion-distraction, advice on activities of daily living, and postural/ergonomic advice as
deemed appropriate by the chiropractic clinician. Active care consisted of McKenzie
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exercises for the patient to improve localized back strength, proprioception, and
coordination. The study did not restrict access to standard medical care.

The clinician provided care over the course of a 4-week time period at 2 visits per week.
Each visit typically lasted 20-30 minutes per participant. A 4-week care model was
chosen based on treatment guidelines suggesting that most cases of LBP improve
significantly within that time frame [50]. The first two weeks of care typically focused on
passive care. The last 2 weeks primarily focused on active care. All care provided to
participants was free. At the conclusion of the study, participants were provided with a
gift card to cover transportation costs throughout the month.

Statistical Analysis

Data was initially placed into Excel (Microsoft Corporation, Redmond, WA, USA) and
then later exported to SPSS version 20.0 (IBM, Armonk, NY, USA) for analysis. Results
were reported as mean + standard deviation (SD) unless otherwise specified.

Researchers used a repeated-measures analysis of variance (ANOVA) to analyze
dependent variables over the 3 time points. Mauchly’s test was used to check the
sphericity assumption of all repeated-measures analyses and the Greenhouse-Geisser
correction was utilized during instances of sphericity violation [51]. Pairwise
comparisons were made between data time points (baseline to post 2-weeks, and
baseline to post 4-weeks) to observe for significant interactions.

Additionally, the SF-36 was sub-analyzed by scales: physical functioning (averaging
questions # 3,4, 5,6, 7, 8,9, 10, 11, and 12), role limitations due to physical health
(averaging questions # 13, 14, 15, and 16), energy/fatigue (averaging questions # 23,
27, 29, and 31), and bodily pain (averaging questions # 21 and 22). The alpha level of
P<0.05 was considered statistically significant for all measured variables.

RESULTS

Tables 2-3 illustrate study results. Study drop-out rate was 18.2% (8 participants
dropped out), which is similar to work by other researchers [52]. Participant dropout
almost entirely occurred after the 15 or 2" visit and was mostly reported by participants
to be due to scheduling difficulties. The clinician was only available in the afternoons
between 3-6 PM. Only participant data from individuals that completed the 2-week and
4-week assessments was included for analysis. Mauchly’s test was significant for
repeated-measures LBP VAS (p=0.000), and SF-36 (p=0.002). As a result, the
Greenhouse-Geisser correction was used to determine a valid F ratio to reduce Type |
error rate for those analyses. There was a significant main effect for VAS over the 4
weeks, F(1.46, 70) = 44.05, p = 0.000, partial n? = 0.557 (large effect size). There was a
significant main effect for RDQ over the 4 weeks, F(2, 70) = 12.29, p = 0.000, partial n?
= 0.260 (large effect size). Lastly, there was a significant main effect for SF-36 over the
4 weeks, F(1.52, 70) = 40.07, p = 0.000, partial n> = 0.534 (large effect size).
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VAS score decreased by 37.5% (p=0.000) from baseline to 2-weeks post, and by 66.2%
total (p=0.000) from baseline to 4-weeks post. RDQ score decreased by 32.9%
(p=0.002) from baseline to 2-weeks post, and by 44.3% total (p=0.000) from baseline to
4-weeks post. SF-36 score increased by 17.0% (p=0.000) from baseline to 2-weeks
post, and by 25.1% total (p=0.000) from baseline to 4-weeks post. The greatest attribute
that increased on the SF-36 sub-analysis was role limitations due to physical health
which increased by 42.4% (p=0.002) from baseline to 2-weeks post, and 51.4% total
(p=0.000) from baseline to 4-weeks post.

There were no serious adverse events reported in the study. If patients had mild pain
following spinal manipulation they were instructed to rest.

Table 2. Results of the 0-100 Visual Analog Scale (VAS) for pain, and Roland-Morris
Low Back Pain and Disability Questionnaire (RDQ). The P-values are from pairwise
comparisons: baseline to 2-weeks post, and baseline to 4-weeks post.

Baseline 2 Week P o 4-week  P- %
post value decrease post value decrease
value  value base-post |, base-post
2wks 4wks
LBP 52.6 + 329+ 178+
VAS 197 235 0000 375 g5 "0.000 66.2
LBP 7.0+ . 39+ ,
RDQ 52 4.7+48 *0.002 32.9 57 0.000 443

Most results listed as mean + SD. * = statistically
significant data.

DISCUSSION

The study results indicate most of the improvements in pain and function occurred
during the first two weeks of care. Table 4 lists other researchers that have tracked
similar variables (VAS/NRS, RDQ, SF-36) on the outcome of SMT for acute LBP since
2010 involving 30 or more participants [29, 30, 31, 52].

Only 2 peer research groups collected data 2 weeks after SMT began, Goertz et al and
Walker et al. Goertz et al found pain decreased by 32.8% and RDQ decreased by
19.1%, while Walker et al found pain decreased by 25.5%. This study’s findings were a
reduction of pain by 37.5% and RDQ by 32.9% over the initial two weeks. These
collective findings demonstrate a trend of 25.5-37.5% pain reduction and 19.1-32.6%
reduction in RDQ during the initial 2 weeks of SMT. This is useful information, but it
must be contextually compared to usual care and/or sham care. Goertz et al
demonstrated that their usual medical care group actually increased their NRS score by
5.2% and RDQ score by 1.6% after two weeks. Interestingly, Walker et al used a sham
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treatment and found that the NRS score decreased by 17.7% at 2-weeks. This
emphasizes the point of including placebos as an extra study group.

Table 3. Short Form-36 (SF-36) and sub-analysis of SF-36 sections physical

functioning, role limitations due to physical health, energy/fatigue, or bodily pain. The P-
values are from pairwise comparisons: baseline to 2-weeks post, and baseline to 4-

weeks post.
Baseline 2 Week  P- % increase T Week P %
ost value ° post value increase
value value base-post | e base-post
2wks 4wks
55.1 + 66.4 + 736+
SF-36 overall 220 223 0.000 17.0 172 0.000 25.1
Physical 56.5 + 66.3 + 747+
functioning 275 269 0006 14.8 235 0000 24.4
Role 36.8 + 639+ . 75.7+
limitations 425 415 0002 42.4 365 0000 514
43.2 + 553+ . 64.5+
Energy/fatigue 23.5 22.5 0.001 21.9 18.0 0.000 33.0
. . 49.0 + 646+ 1.5+
Bodily pain 185 195 0.000 24.2 16.5 0.000 31.5

Most results listed as mean + SD. * = statistically
significant data.

Regarding the 4-week time point, Cruser et al, and Goertz et al collected comparable
data to this study. Cruser et al discovered that NRS scores decreased by 61.5% and

RDQ decreased by 64.5%. Goertz et al found NRS to decrease by 32.8% and RDQ to
decrease by 27.3%. This study’s findings were a pain reduction of 66.2%, RDQ by
44 .3%:; while SF-36 increased 25.1%, and SF-36 PF increased 24.4%. Cruser et al and

Goertz et al compared their SMT groups to usual care groups and they both

demonstrated that SMT resulted in significantly greater reductions in NRS of 22.4-
28.8% overall lower values at 4-weeks. Cruser et al and Goertz et al similarly

demonstrated reductions of overall RDQ of 21.8%-22.9% when comparing their SMT
group to their usual care group.
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Table 4. Comparison of original research chiropractic outcome studies from 2010 to
present that tracked VAS/NRS, RDQ, and SF-36 involving 30 or more participants per
acute LBP study group. The values in columns 2-4 are listed in the order of the study
group names in the initial column and separated by a comma. Time point improvements
are listed for all measured time points under 8 weeks in duration. UC= usual care,
SMT= standard medical treatment, CMT= chiropractic manipulative therapy, RDQ=
Roland-Morris Low Back Pain Disability Questionnaire, SF= short form, VAS= visual
analog scale, NRS= numeric rating scale, wks= weeks, BP= bodily pain subcomponent
of SF-36, and PF= physical functioning subcomponent of SF-36.

Baseline
Study and year, time Time point Time point
participants per improvement
group point improvement #1  #2
RDQ RDQ 8wks
Bishop et al 2010 | 12.2,13.1 10.7,13.0
40 chiropractic + | SF36.0-P SF36-P 8wks
ucC 38.0,38.8 45.8,46.6
SF36-PF SF36-PF 8wks
39 UC 47.5,46.3 59.1,53.6
NRS 4wks
Cruseretal 2012 |NRS 5.255 2.0,3.7
RDQ RDQ 4wks
30 chiropractic 12.4,12.5 4.4,7.3
SF36
30 UC 18.8,18.9 no post SF36
SF36-PF
22.2,20.4 no post SF36
NRS 2wks NRS 4wks
Goertz etal 2013 | NRS 5.8,5.8 3.9,6.1 3.9,56.2
RDQ RDQ 2wks RDQ 4wks
45 CMT + SMT 11.0,12.7 8.9,12.9 8.0,12.0
46 SMT
NRS 2wks
Walker et al 2013 | NRS 5.1,5.1 3.8,4.2
92 chiropractic
91 sham

Understanding the mean rate of improvement of patient outcomes (symptomatology
compression) in response to chiropractic care is necessary to estimate the medical and
societal savings of chiropractic care [53]. For example, if a typical acute LBP patient
requires eight weeks to recover from LBP when seeking standard care (e.g., allopathic
care and rest) then there likely will be 1)medical costs to the patient and their insurance
plan, 2)some loss of work productivity due to absenteeism and/or presenteeism, and
3)negative impact on the individual’s QOL transiently. Some of these costs would be
altered if the patient also underwent chiropractic care. If chiropractic care can
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significantly cause patient’s acute LBP symptoms to be compressed faster (i.e. faster
improvement rate week-by-week) then that may result in significant economic savings
by decreasing losses in work-productivity due primarily to presenteeism and result in
less tangible positive impacts on the patient’s QOL. This point; however, has been
challenged in research literature [53]. Some researchers suggest that the increased
utilization of chiropractic care just offsets the more expensive forms of medical care
[54]; however, this issue has not been corroborated by the bulk of research literature on
the chiropractic healthcare cost’s topic [55- 58].

This study could have been improved by tracking days of worker absenteeism and
presenteeism throughout the study. Marker data like that could help validate the societal
economic benefits of SMT for treating acute LBP.

Possible future directions of acute LBP chiropractic research that could stem from this
study are: 1)tracking improvements on a week-by-week basis for 4-8 weeks using VAS,
RDQ, SF-36, worker absenteeism log, and worker presenteeism log which are all
subjective measures; 2)observing improvements on a week-by-week basis for 4-8
weeks using objective measures (computer gait analysis using GAITRite or VICON,
SEMG back muscle recordings during functional tasks, muscle performance with
Biodex, balance impact measured with the NeuroCom SMART Balance Master, virtual
reality coordination physical task success as measured with Gesture Xtreme VR
system, and other objective measures), 3) performing a similar study as this experiment
but focusing on special populations to see if they react more to SMT (e.g., older
chiropractic patients with joint restrictions, obese patients with known spinal
hypomobility, etc.), and 4)measurement of the capabilities of reducing transference of
acute LBP into chronic LBP [59] through chiropractic care. Proposed direction #2 is
particularly important because larger patient outcome studies in chiropractic (with 30 or
more participants per group) are primarily developing subjective (survey) data on patient
improvements, and there is a lack of studies using objective measures tracking acute
LBP outcomes with 30+ participants. To corroborate this fact, on May 8, 2015 the
researchers of this publication searched PubMed-Central (PMC) using keywords
“chiropractic AND ‘low back pain” with limits set to past 5 years. This yielded 869 total
articles. Out of those articles only 19 were found that measured objective data in
accordance with the following exclusion criteria: 1) review article, 2) case study or article
involving less than 10 participants, 3) a proposed trial, and 4) research poster abstract.
Thus, astoundingly only 2.2% (19/869) of lumbar spine manipulation chiropractic
research studies published over this five-year window utilized objective measures.
Almost half of those 19 studies were performed on cats thus emphasizing how little
objective research is being performed on humans.

Limitations

This study did not have a placebo or control group. A placebo group would have helped
differentiate any benefit to care that the patient may have thought would occur [60,61].

A control group (e.g., allopathic care only) would have provided valuable information on
different modes of care for acute LBP [62-64]. These additional groups were not utilized
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due to the limited funds to conduct this study and desire to focus on patient outcome
changes over time.

The chiropractic clinician in this study has been a chiropractic college instructor for 25
years and a clinician for 28 years. It is plausible to suggest he may have provided more
optimal care than the typical field chiropractor due to always having to keep up-to-date
on treatment techniques. Perhaps utilizing multiple field chiropractors (e.g. 8) as Walker
et al did could improve the external validity of this study’s findings [31].

This study would have been strengthened if objective measurements (surface EMG,
computerized range of motion sensors, etc.) had been utilized instead of strictly
subjective survey data. Researchers originally explored the possibility of using objective
measures, such as resting heart rate, systolic blood pressure, C-Reactive Protein
(CRP), Erythrocyte Sedimentation Rate (ESR), Lactate Dehydrogenase (LDH) isoforms
2 and 5, and local skin lower back temperature. However, these were deemed to have
specificity and sensitivity too low to track changes in LBP [65,66]. In addition, some of
the equipment needed to capture these objective outcome measures were not available
and the cost to acquire them exceeded the financial resources of the study.

CONCLUSION

Our preliminary findings suggest that proportionately the most rapid improvements in
VAS, RDQ, and SF-36 occurred during the first two weeks of chiropractic care
compared to the last two weeks of care in our case series. More data on control and
placebo groups should be obtained to compare their rates of improvement to those
found in this study to help quantify the impact of chiropractic care on symptomatology
compression, particularly regarding its impact on worker presenteeism.

Funding
This research project was supported by a grant from Standard Process.
ACKNOWLEDGEMENTS

We would like to acknowledge Uchenna Obiuku, Oakley Almberg, Katina Jimenez, and
Kelly Ler for their assistance with survey data entry. They additionally would like to
thank Claire Noll for assistance with editing.

REFERENCES

1.Hart L, Deyo R, Cherkin D. Physician office visits for low back pain. Frequency,
clinical evaluation, and treatment patterns from a U.S. national survey. Spine
1995;20:11-9.

2.Andersson G. Epidemiological features of chronic low-back pain. Lancet
1999;354:581-5.

299 Chiropractic Journal of Australia
Volume 45, Number 4



Compression Rates
Ward et al

3.Moth G, Olesen F, Vedsted P. Reasons for encounter and disease patterns in Danish
primary care: changes over 16 years. Scand J Prim Health Care 2012;30:70-5.

4 Hestbaek L, Munck A, Hartvigsen L, Jarbgl D, Sgndergaard J, Kongsted A. Low back
pain in primary care: a description of 1250 patients with low back pain in Danish general
and chiropractic practice. Int J Family Med 2014:doi.org/10.1155/2014/106102.
5.Buchbinder R, Jolley D, Wyatt M. Breaking the back of back pain. Med J Aust
2011;175:456-7.

6.Walker B, Muller R, Grant W. Low back pain in Australian adults. Prevalence and
associated disability. J Man Phys Ther 2004;27:238-44.

7.CDC. MMWR 2001;50:120-5.

8.Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A systematic review of
the global prevalence of low back pain. Arthritis Rheum 2012;64:2028-37.

9.Ricci J, Stewart W, Chee E, Leotta C, Foley K, Hochberg M. Back pain exacerbations
and lost productive time costs in United States workers. Spine 2006;31:3052-60.
10.Goetzel R, Long S, Ozminkowski R, Hawkins K, Wang S, Lynch W. Health, absence,
disability, and presenteeism cost estimates of certain physical and mental health
conditions affecting U.S. employers. J Occup Environ Med 2004;46:398-412.
11.Buchbinder R, Batterham R, Elsworth G, Dionne C, Irvin E, Osborne R. A validity-
driven approach to the understanding of the personal and societal burden of low back
pain: development of a conceptual and measurement model. Arthritis Res Ther
2011;13:R152.

12.Chiropractic: An introduction [Internet]. Bethesda, (MD): NCCAM; Jan 2015.
Available from: nccam.nih.gov/health/chiropractic/introduction.htm

13.Globe G, Morris C, Whalen W, Farabaugh R, Hawk C. Chiropractic management of
low back disorders: report from a consensus process. J Manipulative Physiol Ther
2008;31:651-8.

14.Lawrence D, Meeker W, Branson R, Bronfort G, Cates J, Haas M, et al. Chiropractic
management of low back pain and low back-related leg complaints: a literature
synthesis. J Manipulative Physiol Ther 2008;31:659-74.

15.Flynn T, Fritz J, Whitman J, Wainner R, Magel J, Rendeiro D, et al. A clinical
prediction rule for classifying patients with low back pain who demonstrate short-term
improvement with spinal manipulation. Spine 2002;27:2835-43.

16.Cleland J, Fritz J, Kulig K, Davenport T, Eberhart S, Magel J, Childs J. Comparison
of the effectiveness of three manual physical therapy techniques in a subgroup of
patients with low back pain who satisfy a clinical prediction rule: a randomized clinical
trial. Spine 2009;34:2720-9.

17.Blanchette M, Bussiéres A, Stochkendahl M, Boruff J, Harrison P. Effectiveness and
economic evaluation of chiropractic care for the treatment of low back pain: a
systematic review protocol. Syst Rev 2015;4:30.

18.Childs J, Fritz J, Flynn T, Irrgang J, Johnson K, Majkowski G, Delitto A. A clinical
prediction rule to identify patients with low back pain most likely to benefit from spinal
manipulation: a validation study. Ann Intern Med 2004;141:920-8.

19.Chou R, Huffman L. Nonpharmacologic therapies for acute and chronic low back
pain: a review of the evidence for an American Pain Society/American College of
Physicians clinical practice guideline. Ann Intern Med 2007;147:492-504.

Chiropractic Journal of Australia 300
Volume 45, Number 4



Compression Rates
Ward et al

20.Bialosky J, George S, Horn M, Price D, Staud R, Robinson M. Spinal manipulative
therapy- specific changes in pain sensitivity in individuals with low back pain
(NCT01168999). J Pain 2014;15:136-48.

21.Franke H, Franke J, Fryer G. Osteopathic manipulative treatment for nonspecific low
back pain: a systematic review and meta-analysis. BMC Musculoskelet Disord
2014;15:286.

22 Licciardone J, Brimhall A, King L. Osteopathic manipulative treatment for low back
pain: a systematic review and meta-analysis of randomized controlled trials. BMC
Musculoskelet Disord 2005;6:43.

23.Boal R, Gillette R. Central neuronal plasticity, low back pain and spinal manipulative
therapy. J Manipulative Physiol Ther 2004;27:314-26.

24 Licciardone J, Minotti D, Gatchel R, Kearns C, Singh K. Osteopathic manual
treatment and ultrasound therapy for chronic low back pain: a randomized controlled
trial. Ann Fam Med 2013;11:122-9.

25.Cramer G, Cambron J, Cantu J, Dexheimer J, Pocius J, Gregerson D, et al.
Magnetic resonance imaging zygapophyseal joint space changes (gapping) in low back
pain patients following spinal manipulation and side posture positioning: a randomized
controlled mechanisms trial with blinding. J Manipulative Physiol Ther 2013;36:203-17.
26.Cramer G, Tuck N Jr, Knudsen J, Fonda S, Schliesser J, Fournier J, et al. Effects of
side-posture positioning and side-posture adjusting on the lumbar zygapophysial joints
as evaluated by magnetic resonance imaging: a before and after study with
randomization. J Manipulative Physiol Ther 2000;23:380-94.

27.Cramer G, Gregerson D, Knudsen J, Hubbard B, Ustas L, Cantu J. The effects of
side-posture positioning and spinal adjusting on the lumbar Z joints: a randomized
controlled trial with sixty-four subjects. Spine 2002;27:2459-66.

28.Cramer G, Ross K, Pocius J, Cantu J, Laptook E, Fergus M, et al. Evaluating the
relationship among cavitation, zygapophyseal joint gapping, and spinal manipulation: an
exploratory case series. J Manipulative Physiol Ther 2011;34:2-14.

29.Cruser des A, Maurer D, Hensel K, Brown S, White K, Stoll S. A randomized,
controlled trial of osteopathic manipulative treatment for acute low back pain in active
duty military personnel. J Man Manip Ther 2012;20:5-15.

30.Goertz C, Long C, Hondras M, Petri R, Delgado R, Lawrence D, et al. Adding
chiropractic manipulative therapy to standard medical care for patients with acute low
back pain: results of a pragmatic randomized comparative effectiveness study. Spine
2013;38:627-34.

31.Walker B, Hebert J, Stomski N, Losco B, French S. Short-term usual chiropractic
care for spinal pain: a randomized controlled trial. Spine 2013;38:2071-8.

32.Koes B, van Tulder M, Lin C, Macedo L, McAuley J, Maher C. An updated overview
of clinical guidelines for the management of non-specific low back pain in primary care.
Eur Spine J 2010;19:2075-94.

33.Murtezani A, Hundozi H, Orovcanec N, Berisha M, Meka V. Low back pain predict
sickness absence among power plant workers. Indian J Occup Environ Med
2010;14:49-53.

301 Chiropractic Journal of Australia
Volume 45, Number 4



Compression Rates
Ward et al

34.Hoogendoorn W, Bongers P, de Vet H, Ariéns G, van Mechelen W, Bouter L. High
physical work load and low job satisfaction increase the risk of sickness absence due to
low back pain: results of a prospective cohort study. Occup Environ Med 2002;59:323-8.
35.Steenstra |, Anema J, Bongers P, de Vet H, van Mechelen W. Cost effectiveness of
a multi-stage return to work program for workers on sick leave due to low back pain,
design of a population based controlled trial [[SRCTN60233560]. BMC Musculoskelet
Disord 2003;4:26.

36.Infante-Rivard C, Lortie M. Relapse and short sickness absence for back pain in the
six months after return to work. Occup Environ Med 1997;54:328-34.

37.Punnett B, Greenidge D, Ramsey J. Job attitudes and absenteeism: a study in the
English speaking Caribbean. J World Bus 2007;42:214-27.

38.Aronsson G, Gustafsson K, Dallner M. Sick but yet at work. An empirical study of
sickness presenteeism. J Epidemiol Community Health 2000;54:502-9.

39.Johns G. Presenteeism in the workplace: a review and research agenda. J Organ
Behav 2010;31:519-42.

40.Lambeek L, van Tulder M, Swinkels |, Koppes L, Anema J, van Mechelen W. The
trend in total cost of back pain in the Netherlands in the period 2002 to 2007. Spine
2011;36:1050-8.

41.Lin C, Haas M, Maher C, Machado L, van Tulder M. Cost-effectiveness of guideline-
endorsed treatments for low back pain: a systematic review. Eur Spine J 2011;20:1024-
38.

42.Tuzun E. Quality of life in chronic musculoskeletal pain. Best Pract Res Clin
Rheumatol 2007;21:567-79.

43.Linton S. A review of psychosocial risk factors in back and neck pain. Spine
2000;25:1148-56.

44 Scholich S, Hallner D, Wittenberg R, Hasenbring M, Rusu A. The relationship
between pain, disability, quality of life and cognitive behavioral factors in chronic back
pain. Disabil Rehabil 2012;34:1993-2000.

45.Lu K, Liliang P, Wang H, Liang C, Chen J, Chen T, et al. Reduction in adjacent-
segment degeneration after multilevel posterior lumbar interbody fusion with proximal
DIAM implantation. J Neurosurg Spine 2015;1:1-7.

46.Morris R, Fairbank J. The Roland-Morris Disability Questionnaire and Oswestry
Disability Questionnaire. Spine 2000;25:3115-24.

47.Marx R, Menezes A, Horovitz L, Jones E, Warren R. A comparison of two time
intervals for test-retest reliability of health status instruments. J Clin Epidemiol
2003;56:730-5.

48.State & County Quick facts [Internet]. Washington, (DC): United States Census
Bureau; Mar 2015. Available from: quickfacts.census.gov/qgfd/states/48/4835000.html
49.Bergmann T, Peterson D. Chiropractic technique: principles and procedures. 3rd ed.
St. Louis, MO: Elsevier-Mosby, 2011.

50.Goertz M, Thorson D, Bonsell J, Bonte B, Campbell R, Haake B, et al. Institute for
Clinical Systems Improvement. Adult acute and subacute low back pain health care
guidelines. Nov 2012 update.

51.Field A. Discovering statistics using SPSS. 2nd ed. Thousand Oaks, CA: Sage,
2005.

Chiropractic Journal of Australia 302
Volume 45, Number 4



Compression Rates
Ward et al

52.Bishop P, Quon J, Fisher C, Dvorak M. The Chiropractic Hospital-based
Interventions Research Outcomes (CHIRO) study: a randomized controlled trial on the
effectiveness of clinical practice guidelines in the medical and chiropractic management
of patients with acute mechanical low back pain. Spine J 2010;10:1055-64.

53.Martin B, Gerkovich M, Deyo R, Sherman K, Cherkin D, Lind B, et al. The
association of complementary and alternative medicine use and health care
expenditures for back and neck problems. Med Care 2012;50:1029-36.

54.Metz R, Nelson C, LaBrot T, Pelletier K. Chiropractic care: is it substitution care or
add-on care in corporate medical plans? J Occup Environ Med 2004;46:847-55.
55.Sarnat R, Winterstein J. Clinical and cost outcomes of an integrative medicine IPA. J
Manipulative Physiol Ther 2004;27:336-47.

56.Haas M, Sharma R, Stano M. Cost-effectiveness of medical and chiropractic care for
acute and chronic low back pain. J Manipulative Physiol Ther 2005;28:555-63.
57.Grieves B, Menke J, Pursel K. Cost minimization analysis of low back pain claims
data for chiropractic vs medicine in a managed care organization. J Manipulative
Physiol Ther 2009;32:734-9.

58.Lind B, Lafferty W, Tyree P, Diehr P. Comparison of health care expenditures among
insured users and nonusers of complementary and alternative medicine in Washington
State: a cost minimization analysis. J Altern Complement Med 2010;16:411-7.
59.Hestbaek L, Leboeuf-Yde C, Manniche C. Low back pain: what is the long-term
course? A review of studies of general patient populations. Eur Spine J 2003;12:149-65.
60.Vase L, Petersen G, Riley J 3rd, Price D. Factors contributing to large analgesic
effects in placebo mechanism studies conducted between 2002 and 2007. Pain
2009;145:36-44.

61.Bishop M, Bialosky J, Cleland J. Patient expectations of benefit from common
interventions for low back pain and effects on outcome: secondary analysis of a clinical
trial of manual therapy interventions. J Man Manip Ther 2011;19:20-5.

62.Artus M, van der Windt D, Jordan K, Croft P. The clinical course of low back pain: a
meta-analysis comparing outcomes in randomised clinical trials (RCTs) and
observational studies. BMC Musculoskelet Disord 2014;15:68.

63.Artus M, van der Windt D, Jordan K, Hay E. Low back pain symptoms show a similar
pattern of improvement following a wide range of primary care treatments: a systematic
review of randomized clinical trials. Rheumatology 2012;49:2346-56.

64.Pengel L, Herbert R, Maher C, Refshauge K. Acute low back pain: systematic review
of its prognosis. BMJ 2003;327:323-8.

65.Pagana K, Pagana T. Mosby’s Manual of Diagnostic and Laboratory Tests. 4th ed.
St. Louis, MO: Mosby Elsevier, 2010.

66.Silverthorn D. Human Physiology: An integrated approach. 4th ed. San Francisco,
CA: Pearson Benjamin-Cummings, 2009.

303 Chiropractic Journal of Australia
Volume 45, Number 4



