
Short or long-term treatment of spinal disability in older adults 
with manipulation and exercise

Michele Maiers, DC, MPH, PhD,
Wolfe-Harris Center for Clinical Studies, Northwestern Health Sciences University, Bloomington, 
MN, USA

Jan Hartvigsen, DC, PhD,
Department of Sports Science and Clinical Biomechanics, and Nordic Institute of Chiropractic and 
Clinical Biomechanics, Campusvej 55, 5230 Odense M, Denmark

Roni Evans, DC, PhD,
Integrative Health & Wellbeing Research Program at the Earl E. Bakken Center for Spirituality & 
Healing, University of Minnesota, 420 Delaware Street SE, Minneapolis, MN, USA

Kristine Westrom, MD, MS,
Northwestern Health Sciences University, Bloomington, Minnesota, USA.

Qi Wang, MS,
Clinical and Translational Science Institute, University of Minnesota, 717 Delaware St SE 
#140-26, Minneapolis MN USA

Craig Schulz, DC, MS,
Integrative Health & Wellbeing Research Program at the Earl E. Bakken Center for Spirituality & 
Healing, University of Minnesota, 420 Delaware Street SE, Minneapolis, MN, USA

Brent Leininger, DC, MS,
Integrative Health & Wellbeing Research Program at the Earl E. Bakken Center for Spirituality & 
Healing, University of Minnesota, 420 Delaware Street SE, Minneapolis, MN, USA

Gert Bronfort, DC, PhD
Integrative Health & Wellbeing Research Program at the Earl E. Bakken Center for Spirituality & 
Healing, University of Minnesota, 420 Delaware Street SE, Minneapolis, MN, USA

Abstract

Objective—Back and neck pain are associated with disability and loss of independence in older 

adults. It’s unknown whether long-term management using commonly recommended treatments is 

superior to shorter-term treatment. This randomized clinical trial compared short-term treatment 

(12 weeks) versus long-term management (36 weeks) of back and neck related disability in older 

adults using spinal manipulative therapy (SMT) combined with supervised rehabilitative exercises 

(SRE).
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Methods—Eligible participants were age 65 and older with back and neck disability for more 

than 12 weeks. Co-primary outcomes were changes in Oswestry and Neck Disability Index after 

36 weeks. An intention to treat approach used linear mixed-model analysis to detect between 

group differences. Secondary analyses included other self-reported outcomes, adverse events and 

objective functional measures.

Results—182 participants were randomized. The short-term and long-term groups demonstrated 

significant improvements in back (−3.9, 95% confidence interval (CI) −5.8 to −2.0 versus −6.3, 

95% CI −8.2 to −4.4) and neck disability (−7.3, 95% CI −9.1 to −5.5 versus −9.0, 95% CI = −10.8 

to −7.2) after 36 weeks, with no difference between groups (back 2.4, 95% CI −0.3 to 5.1; neck 

1.7, 95% CI −0.8 to 4.2). The long-term management group experienced greater improvement in 

neck pain at week 36, self-efficacy at week 36 and 52, functional ability and balance.

Conclusion—For older adults with chronic back and neck disability, extending management 

with SMT and SRE from 12 to 36 weeks did not result in any additional important reduction in 

disability.

Back and neck pain are common symptoms in the elderly and are associated with significant 

disability which can negatively impact general health, functional independence, and quality 

of life. 1–5 Back and neck pain often occur together 6 and are the leading causes of years 

lived with disability globally. 7 Spine pain ranks as the second most expensive chronic non-

cancer pain among Medicare recipients in the US. 8 As the population of adults over the age 

of 65 is predicted to double in size by 2050, 9 mitigating the effects of back and neck related 

disability is an important public health priority.

More than half of individuals presenting for back or neck pain care report continued or 

recurrent pain after one year. 10, 11 This raises the question of whether longer-term 

management strategies 12 may be effective in sustaining improvement over time. While this 

has been explored in small studies of adults with low back pain 13, 14 the evidence remains 

inconclusive, particularly in relation to the elderly. Spinal manipulative therapy (SMT) and 

supervised rehabilitative exercise (SRE) are both recommended first line, non-

pharmacologic treatments for back and neck pain in the general population. 15–18 

Combining both approaches may result in superior pain relief and function. 19 In a previous 

study by our team, a combination of SMT and SRE resulted in greater improvements among 

older adults suffering from neck pain and disability than exercise alone; 20 however, there 

remains a lack of robust research in this area and little attention paid to the effectiveness of 

longer term management.

The primary aim of this randomized, observer-blinded, comparative effectiveness trial was 

to compare the effectiveness of SMT + SRE, delivered via either a short-term treatment (12 

weeks) or long-term management (36 weeks) strategy, on older adults with spine-related 

disability. Neck and back disability were co-primary outcomes. Secondary outcomes 

included neck and back pain, general heath, improvement, self-efficacy, kinesiophobia, 

satisfaction, falls, medication use, and biomechanical functional measures.
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Materials and Methods

Study Design

This randomized clinical trial was approved by the Institutional Review Board at 

Northwestern Health Sciences University. An in-depth description of the study design, 

treatment protocols, and outcome measures has been previously published. 21

Participants were recruited from a metropolitan area in the upper mid-west United States. 

Individuals were screened for general inclusion criteria by certified study personnel utilizing 

a computer-guided questionnaire. Those who qualified after initial screening attended a 

series of two baseline evaluations comprised of informed consent, patient self-report 

questionnaires, health history, physical evaluation, cervical and lumbar x-rays and a 

functional assessment.

Participants were 65 years of age and older, English speaking, and community dwelling, 

with self-reported back and neck disability ≥ 12 weeks in duration. Disability was defined as 

scoring 10% or higher on both the Neck Disability Index (NDI) and Oswestry Disability 

Index (ODI), with the addition of both scores totaling 25 or greater. Participants also had the 

ability to ambulate without the aid of a wheelchair or motorized scooter and had stable 

prescription pain medication use in the 4 weeks prior to enrollment. Exclusion criteria 

included significant co-morbid conditions and frank contraindications to either SMT or SRE. 

21

Randomization

Eligible individuals were randomly assigned to treatment, using a 1:1 computer generated 

random block permutation allocation scheme under the direction of an independent 

statistician. The randomization scheme was concealed from study staff, who opened 

sequentially numbered, opaque, sealed envelopes containing treatment assignments in the 

presence of participants as they became eligible.

Originally a 3-arm study, the third comparison group (SRE alone for 36 weeks) was 

discontinued after 18 randomized participants due to slower than projected enrollment and 

award reductions from the funding agency. The modified, 2-arm design was approved by the 

steering committee, funding agency, IRB and data and safety monitoring board.

Interventions

Participants received either 12 or 36 weeks of SMT+ SRE. The same treatments were 

delivered in both study groups, with the only exception being length of care. SMT was 

delivered by chiropractors with at least 5 years of experience. SRE was delivered by exercise 

therapists with at least 4 years of experience instructing pain patients in therapeutic exercise. 

The exercise therapists were trained to follow a standardized program and delivered care 

under the supervision of study chiropractors.

SMT focused on high velocity, low amplitude manipulation. 22 Low amplitude 

mobilization, manual distraction, gentle soft tissue massage, heat or cold therapy, and active 

or passive muscle stretching were permitted to facilitate SMT. The frequency of care, spinal 
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region(s) treated, and type of therapy used were left to the discretion of the treating 

chiropractor, based on clinical experience, patient preferences and response to care. Visits 

were approximately 20 to 30 minutes in length. Each participant received SMT a minimum 

of once per month, with treatments not exceeding twice per week.

SRE consisted of an aerobic warm up, followed by a standardized program of stretching, 

strengthening, and balance exercises used in previous research studies and described at 

length elsewhere. 21 The selection of exercises, progressions, and number of repetitions 

were individualized to accommodate participants’ abilities and tolerance. All participants 

received standardized advice to stay active and self-care tips for pain management. 

Participants received one-hour instructional sessions twice in the first month, then once per 

month through the duration of the randomly assigned intervention phase, with daily home 

exercises encouraged between sessions.

Standardized forms documented treatment visits, including examination findings, treatment 

used, adverse events, and compliance.

Data Collection

Sociodemographic data were collected at baseline. Patient self-report outcomes were 

collected via questionnaires at baseline and weeks 4, 12, 34, 36, 52, and 78. Functional 

outcome measures were recorded at baseline and week 37. Qualitative interviews were 

collected post intervention (week 12 or 36, depending on group). Physical activity assessed 

with accelerometry, and participants’ perspectives of treatment as ascertained during 

qualitative interviews, will be reported in subsequent publications.

Co-primary Outcomes

Back and neck disability were measured using the Oswestry Disability Index, version 2.0 23, 

24 and the Neck Disability Index. 25 The NDI was derived from the ODI, therefore having 

similar measurement properties and aiding in the comparison of results. Each asks 

individuals to rate 10 functional activities on a scale of 0–5 (0=no disability with activity, 

5=maximal disability), with high scores indicating increasing disability.

Secondary Outcomes

Neck and low back pain in the past week, days of prescription or over-the-counter 

medication, improvement, satisfaction, kinesiophobia, self-efficacy, quality of life, and 

expectations for improvement were secondary outcomes. The incidence of falls was 

collected by asking participants if they have fallen and landed on the floor or ground or have 

fallen and hit an object like a table or chair during the previous four weeks. 26 Functional 

ability was assessed by hand grip strength and the Short Physical Performance Battery 

(SPPB). 27, 28

A more detailed description of data collection has been described in a previous publication. 

21
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Adverse Events

Active and passive surveillance methods were used to collect information on adverse events. 

Patient self-report questionnaires asked, “since you started treatment in the study have you 

experienced any of the following?”, followed by a list of side effects known to be associated 

with SMT and exercise. Participants were asked to rate “yes” responses on a 0–10 

bothersomeness scale, with 0=not at all bothersome, and 10=extremely bothersome. 29 

Chiropractors and therapists queried patients about side effects since the last visit and 

documented responses on standardized treatment forms. Adverse events were categorized by 

investigators according to standards defined by the U.S. Department of Health and Human 

Services.

Sample Size

For a two-arm design, 85 participants were needed to detect a minimally important between 

group difference of 10% in the co-primary outcome ODI at week 36, with a power of 0.90 

and alpha level of 0.025. Assuming a 15% loss to follow up rate, 100 individuals were 

sought for each treatment group.

Analysis

Analyses followed a pre-specified plan and were performed using Statistical Analysis 

Software (version 9.3, SAS Institute Inc., Cary, NC). An intention-to-treat approach 

included all participants in their originally assigned group. Baseline demographic and 

clinical characteristics of groups were compared using two-sample t tests, Wilcoxon rank 

sum test, and Chi-square/Fisher’s exact tests where appropriate. Baseline demographic or 

clinical variables considered relevant by the investigators based on the literature, or those 

correlated at 0.5 or greater with the primary outcomes, were included as covariates in all 

primary and secondary analyses. Gender and expectations have been shown to be predictive 

of persistent musculoskeletal-related disability in the elderly; 30 these variables were 

subsequently included as covariates.

Primary analysis used linear mixed models (PROC MIXED in SAS) to compare between 

group differences in the co-primary outcomes of ODI and NDI between baseline and week 

36. All participants scored both regardless of where their primary complaint was, and each 

was analyzed separately. The model adjusted for the fixed effects of treatment group, time, 

and treatment x time interaction, and included a random intercept to account for within-

patient correlations. The alpha level was reduced to 0.025 to account for testing two 

independent primary outcomes.

The proportion of participants in each group demonstrating ≥15%, ≥30% and ≥50% 

improvement in ODI and NDI from baseline were compared using logistic regression. 31, 32 

Finally, area under the curve (AUC) analyses of neck and back disability were conducted 

using linear regression models.

Secondary outcome measures were similarly analyzed using linear mixed models. Analyses 

included between group differences at all time points, as well as within group change from 
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baseline at each time point. Baseline outcome measures were included as covariates when 

available.

Descriptive statistics of baseline characteristics and outcome measures in the 36 week 

exercise only arm of the study (n=18) were not part of the primary analyses, and are reported 

separately in Supplementary Table S1.

Results

Of 612 screened, 182 individuals were randomized (91 to each group). An additional 18 

people were randomized to a discontinued third intervention group of 36 weeks of SRE (see 

Supplementary Table S1). Figure 1 describes participant flow through the study. Follow up 

rates were high, with an overall 97% collection rate of the co-primary outcomes at week 36. 

Treatment groups were similar at baseline (Table 1), with the exception of lower 

expectations for improvement and a greater proportion of women in the short-term treatment 

group. On average, study participants reported moderate neck (25.9) and back related (26.2) 

disability, and moderate neck (4.6) and back (5.0) pain.

Participants in the short-term treatment group attended an average of 10 SMT and 4 exercise 

instruction visits. Those in the long-term management group attended an average of 19 SMT 

and 9 exercise instruction visits, with an average of 11 SMT and 4 exercise visits occurring 

in the first 12 weeks. Participants in both groups reported performing the exercises at home 

an average of four times per week at the week 12 visit. That number decreased in both 

groups to an average of three times per week at the week 36 visit. While both groups 

demonstrated improvement, there was no statistically significant difference between groups 

in the co-primary outcomes of neck and back disability between baseline and week 36 

(Table 2). This was confirmed by the AUC analysis (ODI = 38.5 (−141.2, 218.2), p = 0.67; 

ND I= −10.0 (−180.8, 160.7) p = 0.91). The responder analysis demonstrated no statistically 

significant differences in the proportions who reached 15%, 30% or 50% improvement in 

disability at either the 12 or 36 week time point (Supplemental Figure S1 and Supplemental 

Figure S2). The only exception was the proportion reaching 50% improvement in neck 

disability, which favored the short-term treatment group at week 12 (p=0.05). Overall, both 

groups actualized the greatest proportion of responders for each threshold at the end of their 

respective treatment periods.

With few exceptions, there were no statistically significant differences between groups in 

secondary patient self-report outcomes (Table 3). Those in the long-term management group 

did experience greater improvement in neck pain at week 36, and greater gains in self-

efficacy at week 36 and 52. Expectations for improvement decreased in both groups over 

time, although more significantly so in the short-term treatment group. There were 

statistically significant between group differences in the SPPB overall score, and in the 

SPPB balance test sub-score in favor of the long-term management group (Supplemental 

Table S2). No between group differences were observed for the rate of self-reported falls 

during the follow-up period (Supplemental Table S3).
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Non-study Treatment

At 12 weeks, 11 participants (6 in the short-term treatment group, 5 in the long-term 

management group) reported visits to non-study health care providers for their back or neck 

problem in the past month. At week 36, that number grew to 21 visits reported among those 

whose study treatment had ended at 12 weeks, and 17 visits for those just finishing their 36 

weeks of treatment in the long-term management group. At the week 78 long-term follow 

up, similar numbers in each group (25 in the short-term group, 28 in the long-term treatment 

group) reported non-study health care visits.

Adverse Events

No serious adverse events were reported. Six individuals reported mild to moderate adverse 

events (three in each group) and included one or a combination of: increase in neck pain (2), 

back pain (1), numbness in the hands (2) or feet (2), headache (1), and dizziness with 

exercise (1). Approximately half of participants reported in questionnaires that they 

experienced at least one side effect over the course of the study (51% of the total sample at 

12 weeks; 58% of those in the short-term treatment group, 47% of the long-term 

management group at 36 weeks). No significant difference between groups was observed in 

frequency at either time point. An increase or change in neck or back pain was most 

common.

Discussion

This study is one of the first to examine the relative effectiveness of short-term treatment (12 

weeks) versus long-term management (36 weeks) of commonly recommended non-

pharmacologic treatments, SMT with SRE, for older spine pain sufferers. It is also novel in 

that it addresses low back and neck pain related disability simultaneously, which better 

reflects patients’ real-world pain experiences in which back and neck pain co-occur. 6, 33, 

34 While both groups experienced improvements in disability from baseline to week 36, 

there were no statistically significant differences and small effect size between groups 

(Cohen’s effect size 0.22 for NDI and 0.25 for ODI). Both groups achieved the greatest 

average improvement at the time of treatment completion, and generally sustained 

improvement through the long term. Similar results were observed for the secondary 

outcomes, with the exception of the long-term management group self-reporting greater 

improvement in neck pain and self-efficacy and exhibiting increased gains in some objective 

functional measures. Future effectiveness and cost-effectiveness studies with long-term 

follow-up are needed to determine whether these improvements in secondary outcomes are 

worth the extra time and cost associated with long-term management. Importantly, no 

serious adverse events were reported. Cumulatively these findings suggest SMT and SRE are 

safe for elderly individuals experiencing low back and neck pain related disability and that 

longer-term management may empower them and result in important functional benefits 

(e.g. balance, physical performance).

The lack of group differences in primary and most secondary outcomes, and the absence of a 

no-treatment control, make it difficult to discern the extent to which natural history and 

regression to the mean impacted the results. However, given the older age, chronicity and 
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disability of the study sample, and the persistence of observed improvements through the 78 

week follow up, it is likely that the SMT and SRE conferred specific benefits.

Expectations have been shown to be predictive of persistent disability among older adults 

receiving treatment for musculoskeletal conditions. 30 Initially, expectations for 

improvement were greater among participants randomized to the long-term management 

group, compared to those receiving a shorter course of care. As a result, this baseline 

difference was included as a covariate in the analysis. Over the course of the trial, both 

groups lowered their expectations for improvement, more so in the short-term treatment 

group. The reasons for this change in expectations, and their impact on improvement, 

warrants further exploration.

More than a quarter of the study sample achieved greater than 50% improvement in neck 

and back disability at the primary time point; 33–55% reported obtaining 30% improvement. 

Nearly three quarters of participants reported at least 15% improvement in neck disability, 

and more than half reported the same magnitude of improvement in back disability. We 

report a range of thresholds in the responder analysis of this study, as there is some 

disagreement in the literature as to what constitutes clinically important difference in the 

NDI 35, 36 and ODI. 32, 37, 38 A change of 15% may represent a clinically meaningful 

improvement among older adults suffering from chronic spine related disability, especially 

given the relatively low cost and low risk of SMT and SRE as interventions. 31, 39, 40

Maintaining good physical function is crucial for the elderly to remain independent. At 36 

weeks, those in the long-term management group had significantly increased their score on 

the Short Physical Performance Battery compared to the short-term treatment group, by a 

degree that could be considered medium in terms of meaningful change (.76 versus .14 

points). 41 The Balance Test sub-score decreased slightly in the short-term group whereas it 

increased significantly in the long-term group (−0.03 versus 0.33).

Using the Oswestry and NDI instruments to measure disability, we observed that 

improvements were generally larger for NP than for LBP (−8.28 versus −5.13 for whole 

sample), and this was true for both men and women (data not shown). The change in neck 

disability is similar to the 8.4 point improvement observed in a previous trial investigating 

the same interventions in an elderly population over a 12 week period. Differences in pain, 

however, was less than the 3 point change observed in that trial.20 Whether SRE and SMT 

combined are genuinely more effective for chronic NP than for chronic LBP in the elderly, 

or whether this is explained by differences in responsiveness between the two disability 

instruments cannot be elucidated from our data.

Originally this trial was designed to include a third arm, which would have allowed us to 

assess the impact of adding SMT to SRE. Redesign due to poor enrollment and funding did 

not likely influence the results as reported here. Strengths include a rigorous study design 

including self-report and objective measures; standardized, yet pragmatic interventions; and 

high follow-up rates. Limitations include the inability to blind clinicians and participants due 

to the nature of the interventions. While combining both neck and back related disability 

into a single study population may create a more heterogenous sample than either alone, 
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doing so reflects the phenomenon of spine related disability for many sufferers, and how 

patients present for care. This trial did not differentiate between specific effects of the 

intervention and contextual effects, which may play a large role when treating people with 

chronic pain. However, the treatments as studied generally reflect how spinal manipulation 

and rehabilitative exercise are delivered in clinical practice. Finally, while visits to non-study 

health care providers was similar between groups, the impact on the study results is 

unknown.

Our study adds additional support to evidence-based guidelines, which recommend that 

manual treatment, along with general and specific exercises, should be considered as first 

line treatments for people with back and neck pain. 15–18

Conclusion

For adults aged 65 and older with chronic back and neck disability, extending management 

with SMT and SRE from 12 to 36 weeks did not result in any additional important reduction 

in disability. Statistically significant differences in favor of long-term management were 

found for the secondary outcomes of self-reported improvement in neck pain and self-

efficacy, as well as functional measures of balance and physical performance. These findings 

may be important for healthy ageing and spine care in the elderly, and warrant further 

investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovations

• Back and neck pain are not only common among older adults but result in 

significant disability and loss of independence.

• Both short-term treatment and long-term management with a combination of 

spinal manipulative therapy and exercise resulted in similar improvement in 

disability, with the greatest improvement achieved at the time of treatment 

completion.

• Long-term management resulted in greater improvement in neck pain and 

self-efficacy, as well as balance and physical performance.

• While mild, transient side effects were common, no serious adverse events 

reported by participants.
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Figure 1. 
Study participant flow chart
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Table 1.

Participant demographics and baseline clinical characteristics

Mean (SD) or N (%) Overall
N=182

Short-term treatment
SMT+SRE N=91

Long-term management
SMT + SRE N=91 P value

Age (years) mean (SD) 71.1 (5.3) 71.5 (5.4) 70.7 (5.2) 0.35

median (range) 69 (65 – 87) 70 (65 – 86) 69 (65 – 87)

Female 108 (59%) 61 (67%) 47 (52%)
0.035

†

Duration of neck pain
(years)

mean (SD) 12.7 (13.1) 13.6 (12.6) 11.7 (13.6)

median (range) 10 (0.2 – 58) 10 (.2 – 50) 7.5 (.2 – 58) 0.10

Duration of back pain
(weeks)

mean (SD) 17.6 (15.8) 18.0 (15.0) 17.2 (16.7)

median (range) 14.5 (0.2 – 60) 15 (0.3 – 60) 13 (0.2 – 60) 0.31

Ethnicity

Hispanic or Latino 1 (1%) 0 (0%) 1 (1%) 1

Not Hispanic or Latino 177 (99%) 88 (100%) 89 (99%)

Race

White 175 (97%) 90 (99%) 85 (94%) 0.12

All others
a 6 (3%) 1 (1%) 5 (6%)

Physical activity level
b 3.5 (0.8) 3.5 (0.7) 3.5 (0.8) 0.85

Neck Disability Index (0–100) 25.9 (8.5) 25.2 (7.5) 26.6 (9.3) 0.26

Neck pain (0–10) 4.6 (1.7) 4.5 (1.6) 4.7 (1.8) 0.42

Back Disability Index (0–100) 26.2 (9.2) 25.6 (8.1) 26.7 (10.2) 0.39

Back pain (0–10) 5.0 (1.9) 5.1 (1.8) 5.0 (2.0) 0.70

Tobacco use (yes) 14 (8%) 6 (7%) 8 (9%) 0.58

Alcohol use (yes) 102 (56%) 47 (52%) 55 (60%) 0.23

Body Mass Index 28.8 (5.8) 28.7 (5.8) 28.9 (5.8) 0.79

Quebec Task Force Classification (neck)
c

1 41 (23%) 20 (22%) 21 (23%) 0.56

2 101 (55%) 47 (52%) 54 (59%)

3a 17 (9%) 9 (10%) 8 (9%)

3b 16 (9%) 11 (12%) 5 (5%)

3c 7 (4%) 4 (4%) 3 (3%)

Quebec Task Force Classification (back)
d

1 118 (65%) 61 (67%) 57 (63%) 0.69

2 34 (19%) 16 (18%) 18 (20%)

3 22 (12%) 9 (10%) 13 (14%)

4 8 (4%) 5 (5%) 3 (3%)

Expectations for improvement
e 2.5 (0.8) 2.4 (0.7) 2.7 (0.8) 0.028†

†
Statistically significant pairwise comparison at ≤0.05

a
All others includes American Indian or Alaska Native (n=1), Black or African American (n=4), and Other (n=1)

b
Physical activity level (1=no physical activity, 6=very heavy physical activity)
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c
Quebec Task Force Categories (neck) 1=neck complaint of pain, stiffness, or tenderness only; 2=neck complaint and musculoskeletal sign(s) 

without radiation; 3=neck complaint and a) pain + radiation to extremity, proximally, b) pain + radiation to extremity, distally, c) pain + radiation to 
upper limb with neurologic signs

d
Quebec Task Force Categories (back) 1=pain without radiation; 2=pain + radiation to proximal extremity; 3=pain + radiation to distal extremity; 

4=pain + radiation to lower limb with neurologic signs

e
Expectations for improvement: “Three months from now, how do you expect your back and neck problem to be?” (1=no symptoms/ 100% 

improvement, 9=as bad as it could be/ 100% worse)
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Table 2.

Co-primary outcomes: changes from baseline and between group differences in neck and back disability

Mean (95% CI)

Co-primary Outcomes Short-term treatment
(N=91)

Long-tern management
(N=91)

Mean Difference
(95% CI)

P
Value

Neck Disability (NDI)
a

 Baseline 25.2 (23.7, 26.8) 26.6 (24.7, 28.6) −1.4 (−3.9, 1.1) 0.26

 Change from baseline to wk 4 −4.5 (−6.2, −2.7) −2.9 (−4.7, −1.2) −1.5 (−4.0, 0.9) 0.23

 Change from baseline to wk 12 −7.8 (−9.6, −6.1) −5.5 (−7.3, −3.8) −2.3 (−4.8, 0.2) 0.07

 Change from baseline to wk 24 −7.6 (−9.3, −5.8) −5.7 (−7.4, −3.9) −1.9 (−4.4, 0.6) 0.14

 Change from baseline to wk 36 −7.3 (−9.1, −5.5) −9.0 (−10.8, −7.2) 1.7 (−0.8, 4.2) 0.18

 Change from baseline to wk 52 −7.2 (−9.0, −5.4) −7.1 (−8.9, −5.3) −0.1 (−2.6, 2.4) 0.95

 Change from baseline to wk 78 −6.8 (−8.6, −5.0) −8.6 (−10.4, −6.8) 1.8 (−0.8, 4.4) 0.17

Back Disability (ODI)
b

 Baseline 25.6 (23.9, 27.3) 26.7 (24.6, 28.9) −1.2 (−3.9, 1.5) 0.39

 Change from baseline to wk 4 −1.9 (−3.8, 0) −2.0 (−3.9, −0.2) 0.1 (−2.5, 2.8) 0.92

 Change from baseline to wk 12 −6.1 (−8.0, −4.2) −4.6 (−6.5, −2.7) −1.5 (−4.2, 1.1) 0.26

 Change from baseline to wk 24 −5.5 (−7.4, −3.6) −4.1 (−6.0, −2.3) −1.4 (−4.0, 1.3) 0.32

 Change from baseline to wk 36 −3.9 (−5.8, −2.0) −6.3 (−8.2, −4.4) 2.4 (−0.3, 5.1) 0.08

 Change from baseline to wk 52 −3.6 (−5.6, −1.7) −4.4 (−6.3, −2.5) 0.8 (−1.9, 3.5) 0.56

 Change from baseline to wk 78 −3.5 (−5.5, −1.5) −5.8 (−7.7, −3.8) 2.3 (−0.5, 5.0) 0.11

a
NDI=Neck Disability Index. Higher scores indicate greater disability.

b
ODI=Oswestry Disability Index. Higher scores indicate greater disability.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2020 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Maiers et al. Page 17

Table 3.

Patient self-report outcomes at baseline and change at weeks 12, 36, 52 and 78

Outcome
Measure

Time point/
Change from baseline 
at time point Mean (95% CI)

Mean
Difference (95% CI) P Value

Short-term 
treatment

(N=91)

Long-term 
management

(N=91)

Neck pain
a Baseline 4.5 (4.2, 4.8) 4.7 (4.3, 5.1) −0.2 (−0.7, 0.3) 0.42

Change from baseline to 
wk 12

−1.7 (−2.1, −1.3) −1.3 (−1.7, −0.9) −0.4 (−0.9, 0.2) 0.17

Change from baseline to 
wk 36

−1.4 (−1.8, −1.1) −2.1 (−2.5, −1.7) 0.7 (0.1, 1.2)
0.02

†

Change from baseline to 
wk 78

−1.6 (−2.0, −1.2) −1.9 (−2.3, −1.5) 0.2 (−0.3, 0.8) 0.41

Back pain
a Baseline 5.1 (4.7, 5.4) 5.0 (4.5, 5.4) 0.1 (−0.5, 0.7) 0.70

Change from baseline to 
wk 12

−1.9 (−2.3, −1.5) −1.4 (−1.8, −1.0) −0.5 (−1.1, 0.0) 0.07

Change from baseline to 
wk 36

−1.6 (−2.0, −1.2) −2.0 (−2.4, −1.6) 0.4 (−0.2, 1.0) 0.19

Change from baseline to 
wk 78

−1.4 (−1.9, −1.0) −1.7 (−2.2, −1.3) 0.3 (−0.3, 0.9) 0.33

Medication use
b Baseline 3.0 (2.5, 3.6) 2.7 (2.2, 3.3) 0.3 (−0.5, 1.0) 0.50

Change from baseline to 
wk 12

−0.6 (−1.0, −0.1) −0.8 (−1.2, −0.3) 0.2 (−0.5, 0.9) 0.55

Change from baseline to 
wk 36

−0.5 (−0.9, 0.0) −0.9 (−1.4, −0.5) 0.5 (−0.2, 1.1) 0.16

Change from baseline to 
wk 78

−0.8 (−1.3, −0.3) −0.3 (−0.8, 0.2) −0.5 (−1.2, 0.2) 0.12

Improvement
c 12 wk 3.0 (2.7, 3.3) 3.4 (3.1, 3.7) −0.4 (−0.8, 0.0) 0.07

36 wk 3.3 (3.0, 3.6) 3.1 (2.8, 3.4) 0.2 (−0.2, 0.6) 0.31

78 wk 3.3 (3.0, 3.6) 3.3 (3.0, 3.5) 0.0 (−0.4, 0.4) 0.89

Satisfaction
d 12 wk 1.8 (1.6, 2.0) 1.8 (1.6, 2.0) −0.1 (−0.3, 0.2) 0.73

36 wk 2.0 (1.8, 2.2) 1.8 (1.6, 2.0) 0.2 (−0.1, 0.5) 0.13

78 wk 2.2 (2.0, 2.3) 2.0 (1.8, 2.2) 0.1 (−0.2, 0.4) 0.35

Kinesiophobia
e Baseline 34.5 (33.4, 35.6) 34.2 (33.1, 35.4) 0.2 (−1.3, 1.8) 0.77

Change from baseline to 
wk 12

−3.1 (−4.1, −2.2) −2.1 (−3.1, −1.1) −1.0 (−2.4, 0.4) 0.14

Change from baseline to 
wk 36

−2.5 (−3.5, −1.5) −1.9 (−2.9, −0.9) −0.6 (−2.0, 0.8) 0.39

Change from baseline to 
wk 78

−2.2 (−3.3, −1.2) −1.7 (−2.7, −0.7) −0.6 (−2.0, 0.9) 0.43

Self efficacy
f Baseline 49.0 (47.4, 50.7) 46.3 (44.2, 48.3) 2.8 (0.1, 5.4)

0.04
†

Change from baseline to 
wk 12

3.1 (1.6, 4.6) 1.3 (−0.2, 2.7) 1.8 (−0.3, 3.9) 0.08

Change from baseline to 
wk 36

1.4 (−0.1, 2.9) 3.6 (2.1, 5.1) −2.2 (−4.3, −0.1)
0.04

†

Change from baseline to 
wk 78

0.9 (−0.7, 2.4) 2.6 (1.1, 5.0) −1.7 (−3.9, 0.5) 0.12
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Outcome
Measure

Time point/
Change from baseline 
at time point Mean (95% CI)

Mean
Difference (95% CI) P Value

Short-term 
treatment

(N=91)

Long-term 
management

(N=91)

Quality of life (EuroQol) 

index
g

Baseline 0.8 (0.8, 0.8) 0.8 (0.8, 0.8) 0.0 (−0.0, 0.0) 0.94

Change from baseline to 
wk 12

0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.0 (−0.0, 0.0) 0.15

Change from baseline to 
wk 36

0.0 (0.0, 0.1) 0.0 (0.0, 0.0) 0.0 (−0.0, 0.0) 0.72

Change from baseline to 
wk 78

0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (−0.0, 0.0) 0.92

Expectations for 

improvement
h

Baseline 2.4 (2.3, 2.6) 2.7 (2.5, 2.8) −0.3 (−0.5, 0.0)
0.03

†

Change from baseline to 
wk 12

0.6 (0.3, 0.8) 0.1 (−0.1, 0.3) 0.5 (0.1, 0.8)
0.01

†

Change from baseline to 
wk 36

0.9 (0.7, 1.2) 0.6 (0.3, 0.8) 0.4 (0.0, 0.7)
0.05

†

†
Statistically significant pairwise comparison at <0.05

a
Neck and low back pain in the past week (0–10). Lower scores indicate less pain.

b
Days of prescription or over-the-counter medication use over the past week (0=have not taken any, 7=every day).

c
Improvement (1=no symptoms/100% improvement, 9=as bad as it could be/ 100% worse)

d
Satisfaction (1=completely satisfied/ couldn’t be better, 7=completely dissatisfied, couldn’t be worse)

e
Tampa Scale of Kinesiophobia (17-item instrument). Lower scores indicate lower levels of kinesiophobia.

f
Pain Self-Efficacy Questionnaire (10-item instrument). Higher scores indicate stronger self efficacy beliefs.

g
EuroQol EQ-5D was used to determine participants’ general health. US population based preferences were used to calculate an index score. 

Higher scores indicate greater health status.

h
Expectations for improvement measured by asking “Three months from now, how do you expect your back and neck problem to be?” (1=no 

symptoms/ 100% improvement, 9=as bad as it could be/ 100% worse)
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