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A B S T R A C T   

Background: Low back and neck pain (together, spine pain) are among the leading causes of medical visits, lost 
productivity, and disability. For most people, episodes of spine pain are self-limited; nevertheless, healthcare 
spending for this condition is extremely high. Focusing care on individuals at high-risk of progressing from acute 
to chronic pain may improve efficiency. Alternatively, postural therapies, which are frequently used by patients, 
may prevent the overuse of high-cost interventions while delivering equivalent outcomes. 
Methods: The SPINE CARE (Spine Pain Intervention to Enhance Care Quality And Reduce Expenditure) trial is a 
cluster-randomized multi-center pragmatic clinical trial designed to evaluate the clinical effectiveness and 
healthcare utilization of two interventions for primary care patients with acute and subacute spine pain. 
The study was conducted at 33 primary care clinics in geographically distinct regions of the United States. In-
dividuals ≥18 years presenting to primary care with neck and/or back pain of ≤3 months’ duration were ran-
domized at the clinic-level to 1) usual care, 2) a risk-stratified, multidisciplinary approach called the Identify, 
Coordinate, and Enhance (ICE) care model, or 3) Individualized Postural Therapy (IPT), a standardized postural 
therapy method of care. The trial’s two primary outcomes are change in function at 3 months and spine-related 
spending at one year. 2971 individuals were enrolled between June 2017 and March 2020. Follow-up was 
completed on March 31, 2021. 
Discussion: The SPINE CARE trial will determine the impact on clinical outcomes and healthcare costs of two 
interventions for patients with spine pain presenting to primary care. 
Trial registration number: NCT03083886   

1. Background 

Neck and back pain (together, spine pain) have a life-time prevalence 

of 48%–84% and are the leading global cause of functional limitation 
and absence from work [1,2]. Spine pain ranks as the second most 
common reason for seeking health care globally and, in 2016, accounted 
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for $134.5 billion in health spending in the U.S., which was the highest 
amount for any health condition [3,4]. 

Practice guidelines recommend non-pharmacologic options or 
medications such as nonsteroidal anti-inflammatory drugs and skeletal 
muscle relaxants as first line treatments for patients presenting with 
spine pain [5–7]. Guidelines also recommend against the routine use of 
imaging. Despite this, low-value spine care continues to burden the 
health system. For example, a quarter of patients with acute low back 
pain undergo some form of imaging in the first six weeks of diagnosis, 
despite numerous randomized clinical trials demonstrating no 
improvement in clinical outcomes [8–12]. More than 50% of patients 
with back pain are prescribed opioids before more conservative options 
[11–13]. Similar trends are observed in the use of invasive procedures 
and spine surgery [14] 

Interventions to reduce the use of low-value care for patients with 
spine pain have been tested but many have proven ineffective and the 
studies evaluating them have had methodological shortcomings [15]. In 
addition, while the majority of patients with spine pain initially present 
to their primary care providers, interventions in this setting have 
received limited attention. There have also been few direct comparisons 
of different approaches. 

Two promising strategies may overcome the limitations of the 
existing evidence base. First, the Identify, Coordinate, and Enhance 
(ICE) care model uses risk stratification to determine the intensity of a 
multidisciplinary intervention that consists of physical therapy, coun-
seling from health coaches to address biopsychosocial barriers and 
consultative guidance to a patient’s primary care provider from a 
specialist physician. The approach is motivated by the observation that 
most patients with spine pain have improvements in their symptoms 
within weeks of symptom onset [16–18]; thus, health quality and effi-
ciency may be improved by focusing care on individuals at high-risk of 
progressing from acute to chronic pain 19,20]. The ICE model has been 
estimated to reduce spine-related spending by up to 25% [21] but has 
not been subject to rigorous evaluation. 

Second, postural therapy attempts to address pain by re-aligning and 
rebalancing spinal muscles. While several specific techniques have been 
shown to have durable benefits for patients with chronic back pain 
[22–24], the Egoscue method uses individual postural alignment ther-
apy (IPT) for patients with chronic as well as more acute spine care 
[25–27]. It is currently delivered in a standardized fashion at numerous 
centers throughout the U.S. and internationally [25–27] but has not 
been rigorously tested. 

We designed and launched the Spine Pain Intervention to Enhance 
Care Quality And Reduce Expenditure (SPINE CARE) trial to test the 
impact of adding the ICE model or IPT to usual primary care. We hy-
pothesized that ICE and IPT will decrease spine related healthcare 
spending while improving physical function and quality of life. 

2. Methods 

2.1. Study design 

SPINE CARE is a three-arm pragmatic trial 28] funded by unre-
stricted philanthropic gifts to Stanford University and approved by the 
institutional review boards at Brigham and Women’s Hospital, Stanford 
University, and all institutions enrolling patients. It is registered with 
clinicaltrials.gov (NCT03083886). The authors are responsible for the 
design and conduct of this study and all meet International Committee of 
Medical Journal Editors (ICMJE) criteria. 

2.2. Study setting 

This trial was conducted at 33 U.S. primary care clinics in three 
geographically distinct integrated delivery networks. Sites included 12 
practices affiliated with an academic medical center (Vanderbilt Medi-
cal Center; Nashville, Tennessee), 15 practices in a community-based 

integrated delivery network (Honor Health; Phoenix, Arizona) and 6 
privately-owned primary care practices in Southern California (Laguna 
Hills, North Hollywood, and Oxnard) and Houston, Texas belonging to a 
larger research network (United BioSource Corporation, LLC [UBC]). 
Eligible practices had to provide primary care to adult participants with 
acute back and neck pain and be located within 30-minute driving dis-
tance of an Egoscue IPT clinic as well as a physical therapy clinic that 
could be trained in the ICE protocol. Clinics that had an existing 
comprehensive spine care practice model were excluded. 

Study enrollment began in June 2017. Virtually all participants had 
completed study-specific interventions (described below) prior to 
workplace closures resulting from the COVID-19 pandemic; 2% of pa-
tients were enrolled after March 1, 2020. Additionally, less than 5% of 
ICE patients were still undergoing physical therapy after March 1, 2020 
and were transitioned to virtual visits. In contrast, patients in the IPT 
arm had the option of utilizing virtual visits throughout the study and so 
no changes were made in response to the pandemic. Follow-up of all trial 
participants ended on March 31, 2021. 

2.3. Randomization 

Practices were randomized in a 1:1:1 ratio to ICE, IPT or usual care 
such that all primary care providers and their patients within a practice 
were assigned to the same treatment arm. While our primary hypotheses 
relate to patient-level changes in health spending and physical func-
tioning, we chose cluster randomization at the practice level as the 
intervention involved clinic-level workflow and to avoid contamination 
between patients cared for by the same provider and providers within 
the same clinic. 

Practices were stratified and randomized within the resultant strata. 
Given the pragmatic nature of the trial, the specific approach differed by 
delivery network to reflect their unique characteristics and number of 
participating clinics, and therefore, the stratification variables felt to be 
most important to achieve balance across the treatment arms. In all 
cases, each stratum in each network contained 3 clinics of which one 
was randomized to each of the three treatment arms. In specific, the 15 
Honor Health clinics were stratified into 5 groups based on their quintile 
of potentially eligible. The 12 Vanderbilt clinics were stratified into 4 
groups based upon whether they provided walk-in care (yes/no) and 
whether they were above or below the median distance to the local IPT 
clinic. Because the UBC sites were from two distinct geographies (Cali-
fornia and Texas), the 6 sites were divided into 2 groups based on state. 

2.4. Eligible subjects and enrollment 

The study population included individuals ≥18 years presenting to 
primary care with neck and/or back pain of ≤3 months’ duration. 
Complete inclusion and exclusion criteria are summarized in Table 1. 

Screening occurred in 3 stages. First, electronic medical record 
schedules were reviewed daily to identify individuals with an upcoming 
primary care appointment for a spinal complaint, defined as back or 
neck pain, lumbago, sciatica, hip pain, or back/neck sprain and strain. 
Patients were excluded at this stage if their medical record indicated that 
they were pregnant, were actively receiving treatment for cancer, were 
receiving worker’s compensation, had undergone spine surgery or 
invasive procedure within the prior 6 months, were currently partici-
pating in another spine-related clinical trial or had received physical 
therapy in the previous 3 months. Second, when patients presented for 
their in-person visits, they were approached by research staff, informed 
about the study and asked to complete a screening form that confirmed 
the duration of pain and repeated screening for exclusion criteria. Par-
ticipants with spine pain who did not undergo pre-screening (for 
example, those presenting for same-day urgent appointments or whose 
documented visit reason was for a different complaint), were also 
identified and screened at this stage. Third, the primary care providers of 
potentially eligible patients were asked to confirm that the patients did 
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not have any clinical “red flags” (specifically, fever related to spine 
pathology, night sweats, unintentional weight loss, bowel and bladder 
dysfunction, neurological weakness or current intravenous drug use) or 
additional clinical indications for exclusion from the study such as 
physical limitations or a major mental illness diagnosis. 

Because of the pragmatic nature of the study, enrollment procedures 
were adapted to clinic workflows, staff availability, and operations of 
the specific clinics participating in the trial. The six UBC sites did not 
perform routine pre-screening but instead conducted these activities 
when patients presented for care. In some cases, after examining pa-
tients who had not been identified earlier in the process, primary care 
providers at all sites referred eligible patients for study inclusion. At the 
Vanderbilt sites, primary care providers asked patients who were unable 
to be approached in person about their willingness to have a research 
staff member contact them about the potential of participating in a 
study. Those patients who expressed interest were then contacted by the 
research staff over the phone; screening, consent, and baseline ques-
tionnaires were then completed within two days of the patient being 
seen by their provider in clinic. 

Patients who met all eligibility criteria were asked to provide 
informed consent. The eighteen Vanderbilt and UBC clinics obtained 
written informed consent; the fifteen Honor Health clinics initially used 
written consent at the request of the IRB but then transitioned to verbal 
informed consent in January 2020 based on updated institutional pol-
icies. Consenting patients completed baseline surveys including a pa-
tient demographic form, the EQ-5D questionnaire [29], the Lorig self- 
efficacy scale [30], the Oswestry Disability Index (ODI) [31], and the 
STarT Back Tool [19]. All baseline surveys were completed on paper or 
electronically through a REDCap database [32]. Some patients were 
unable to complete baseline questionnaires on the day of their in-person 
visit and instead were given up to 2 days to complete these forms 
electronically. All surveys had to be completed prior to the start of study 
specific interventions for patients to remain eligible. All patients 
received up to a $100 honorarium for completing patient-reported 
outcomes over a one-year period. 

Study participants, study staff interacting with patients, and treating 
physicians were not blinded to group assignment, as knowledge of the 
treatment protocols was essential to the study interventions. That said, 
these individuals were not aware of the details of treatment arms to 
which they had not been assigned. Study investigators and data analysts 
remained blinded until all follow-up data were obtained and the primary 
analytic strategies were finalized. 

2.5. Intervention arms 

2.5.1. Identify, Coordinate, and Enhance (ICE) care model 
The ICE care model was developed for adults with acute and sub-

acute neck or back pain not using high-dose opioid medications or 
receiving spine-related long-term disability payments [33]. The eight- 
week care plan was provided by a care team consisting of a physical 
therapist, who served as the rehabilitation lead, a “Spine Coach”, who 
served as a behavioral counselor trained in motivational interviewing 
[34,35], and an “ICE MD”, a physician specialized in physiatry or pain 
management who provided specialist consultation to primary care 
physicians for high-risk patients who did not improve after an initial 
course of therapy. All providers used the electronic medical record, 
email, fax, or telephone to communicate a summary of their visits with 
the other members of the care team through a standardized communi-
cation process (see Study Protocol Appendix K). 

Patients enrolled in the ICE arm of the study were risk stratified using 
the STarT Back Tool. This 9-item self-administered survey was designed 
to identify modifiable biomedical, psychological, and social risk factors 
in order to classify patients based on their risk of developing chronic 
pain into low, medium, and high-risk prognostic subgroups [19]. For 
this study, we combined medium- and high-risk groups so that bio-
psychosocial risk factors could be addressed for as many people as 
possible early in the course of care. In specific, participants with STarT 
Back scores of ≤3 and > 4 were classified as low and medium or high- 
risk, respectively. 

As described in Table 2, patients deemed to be low risk received one 
Spine Coach call and one physical therapy visit. Medium and high risk 
patients received three Spine Coach call and three physical therapy 
visits. The Spine Coach calls were scheduled within three business days 
of the patients’ index primary care visit and a physical therapy visit 
within seven business days of their primary care visit. The appointments 
for physical therapy visits and Spine Coach calls were made by the 
research staff after completion of the baseline questionnaire, generally 
prior to the patient leaving their primary care provider’s office after 
enrollment. 

The Spine Coach call focused on self-management and coping stra-
tegies to manage pain and adherence to exercises prescribed by the 
physical therapists. As part of these visits, patients were also given 
written educational materials [36]. Patients deemed to be medium or 
high risk had additional emphasis on addressing physical function, 
normalizing their experience, and building self-management skills. The 
physical therapists were asked to follow their standard practice guide-
lines for management of patients with spine pain with a focus on 
providing patients with a customized exercise program and education on 
activity modification. Physical therapists were free to provide treatment 
based on their evaluation and professional judgment. 

At the completion of the ICE treatment course, the ICE MD conducted 
an “e-consultation” for all medium or high-risk patients using a struc-
tured consultation form. For this study, the ICE MD’s role was fulfilled 
by two physical medicine and rehabilitation specialists and two pain 
specialists. Their consultations included a medical record review and the 
provision of specialized recommendations to the primary care provider 
delivered through the electronic medical record. In those cases where 
the ICE MD did not have access to a patient’s medical records, the 
consultation was done by telephone with the patient’s primary care 

Table 1 
Inclusion and exclusion criteria.  

Inclusion criteria 
Adults ≥18 years willing and able to provide informed consent 
Back or neck pain of ≤3 months’ duration 
Exclusion criteria 
Patients with symptoms attributed to the spine but without actual pain in the spine (e. 

g. those with cervicogenic headache without neck pain) 
Receiving 7+ consecutive days of narcotic use or 6+ sessions of PT, chiropractic care, 

acupuncture, postural therapy, or another spine therapy delivered by a trained 
provider 

Pregnancy 
Cancer that is metastatic or being actively treated 
History of spine surgery, injections, or ablation within the past 6 months 
Presence of “red flags”* or other medical contraindications as assessed by primary care 

providers 
Severe, active psychosis, major depression, or physical disability limiting ability to 

participate in treatment 
Participation in another intervention trial for the management of spine pain 
Receiving disability benefits, worker’s compensation, or involved in litigation for a 

workplace injury  

* Defined as fever, night sweats, unintentional weight loss, bowel or bladder 
dysfunction, neurologic weakness, or current intravenous drug use. 

Table 2 
The ICE care model (ICE: Identify, Coordinate, and Enhance).  

Subject risk Physical 
therapy 

Spine coach call ICE MD consultation 

Low risk 1 session 1 session Nonea 

High or medium risk 3 sessions 3 sessions All patients  

a Patients who do not improve after 6 weeks will be referred back to their 
primary care providers. 
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provider. 
Participants randomized to ICE incurred no out-of-pocket costs for 

study-recommended visits but paid standard copayments as determined 
by their insurance carrier for other services recommended by their PCPs. 

2.5.2. Individualized Postural Therapy (IPT) 
Patients enrolled in this study arm received IPT delivered according 

to the Egoscue Method [25,26]. This approach involves a standardized 
evaluation of an individual’s posture while standing and moving to 
identify alignment deviations and a personalized corrective exercise 
program aiming to improve alignment, muscle balance, coordination, 
and postural control [26]. The Egoscue method was created in 1971 and 
is currently provided in 32 clinics worldwide [25,27]. 

Patients enrolled in the IPT arm of the study were scheduled for an 
initial IPT visit within seven days of enrollment prior to leaving their 
primary care provider’s office. The initial consultation was scheduled 
for up to 90 minutes, during which a personalized exercise plan was 
developed for each patient. Patients were encouraged to perform their 
exercises daily, which typically take 15–45 minutes. Follow-up IPT visits 
could take place in person or via video conference (i.e. Skype, FaceTime 
or Zoom) over the course of the subsequent eight weeks. 

Upon completion of the IPT sessions, a summary report of patients’ 
progress was sent to the primary care provider. Patients in the IPT arm 
did not have any out-of-pocket costs for study recommended visits. 

2.5.3. Usual care 
Patients enrolled in this arm received usual care as directed by their 

PCP. Treatment modalities included medications, specialty referrals, 
imaging, procedures such as injections, or physical or psychological 
therapy, as determined by their PCPs. Patients randomized to the usual 
care arm of the study paid standard copayments as determined by their 
insurance carrier for all services recommended by their PCPs. 

2.6. Outcomes 

The trial’s two primary outcomes are spine-related cost of care at one 
year and change in pain-related disability from baseline to 3 months 
[31] (Table 3). 

The schedule of outcome data collection is described in Table 4. 
Costs will be estimated by applying unit costs incurred by patients 

and third-party payers to patient-reported resource utilization. Resource 
utilization included health care provider visits, emergency room en-
counters, hospital admissions, imaging studies (including MR and CT), 
interventions and medications [11] and were captured using checklists 
based on those employed by Fritz et al 37], originally developed by 
Goosens et al [38]. The overall instructions and each specific question in 
the checklist ask subjects to report resource utilization directly related to 
their back or neck pain. 

Unit cost of these different services will be estimated using publicly 
available data sources. In specific, for outpatient visits to PCPs, spe-
cialists, physical therapists and other providers and for tests and pro-
cedures, we will use the Centers for Medicare & Medicaid Services 
Physician Fee Schedule Look-Up Tool [39]. For hospitalizations, we will 
use the hospital adjusted expenses per inpatient day value calculated by 
the Kaiser Family Foundation [40]. For emergency department visits, we 

will use estimates from the Medical Expenditure Panel Survey [41]. To 
calculate the average retail price of medications, we will use average 
retail prices from GoodRx.com 42]. A 12-month period was chosen for 
costs to adequately capture care that may have been delayed but not 
entirely prevented during the active intervention phases of ICE and IPT, 
and because health insurers and employers conventionally consider 1- 
year time horizons when making coverage decisions. Cost data will be 
converted to monthly estimates prior to performing imputation, as 
resource use information was collected at irregularly-spaced intervals 
(although patients were always asked about care received since the last 
survey time point). 

Change in pain-related function was assessed using the Oswestry 
Disability Index 2.1a (ODI) [31,43–45]. The ODI contains 1 item on pain 
and 9 items on activities of daily living (i.e., personal care, lifting, 
walking, sitting, standing, sleeping, sex life, social life and travel). Each 
item is measured on a 0–5 scale with 5 representing the greatest 
disability. The scores for all sections are added together, giving a 
possible score of 50. The total score is then doubled and expressed as a 
percentage. A change in ODI of 6 points (out of the 100-point score) is 
considered to be clinically meaningful for patients with spine pain [37]. 
We will evaluate a change in ODI from baseline to 3 months to capture 
the short-term clinical impact of the interventions. 

Secondary outcomes include change in ODI from baseline to 12 
months (to mirror the time period used to assess costs), quality of life as 
assessed using EQ-5D-5L29 and a self-efficacy scale adapted from work 
by Lorig [30] at 12 months. EQ-5D-5L is a standardized instrument for 
measuring general health status. The instrument consists of a descriptive 
section and a visual analogue scale. The descriptive section measures 5 
dimensions of health (mobility, self-care, usual activities, pain/ 
discomfort, anxiety/depression) with each dimension having 5 levels 
ranging from “no problem” to “extreme problem”. The visual analogue 
scale is a self-rated horizontal health scale with end points labelled as 
“the best health you can imagine” and “the worst health you can ima-
gine”. The raw scores are converted into index scores based on US norms 
[46]. Lorig et al.’s self-efficacy scale for individuals with musculoskel-
etal complaints has three subscales that focus on pain, functioning, and 
other symptoms [30]. Because spine-specific pain is already captured 
with ODI, we used the “functioning” and “other symptoms” subscales to 
measure self-efficacy. 

We also asked patients about their employment status. If they stated 
they were currently employed, we asked about their income and how 
many days of work they had missed. 

Finally, we will measure implementation-related outcomes to assess 
intervention fidelity. These will include the number of protocol- 
specified appointments (i.e., Spine Coach, physical therapist, or the 
Egoscue practitioner) scheduled and attended, the timing of visits and 
the length of the treatment course, which we originally expected to last 6 
to 8 weeks. 

Patients completed these surveys online using REDCap or over the 
phone. Clinical research coordinators at all sites were trained on phone 
outreach procedures and were provided standardized scripts for 
communication and collection of patient-reported outcomes. To ensure 
high rates of follow-up survey completion, each site used additional 
strategies to engage patients including using survey reminder comple-
tion postcards, text messaging, survey mailings, and increased frequency 
of follow-up calls. 

2.7. Analytic plan 

We will report means and frequencies of pre-randomization variables 
separately for each of the three arms. Comparisons of baseline values for 
each of the intervention arms to the usual care arm will be performed 
using generalized estimating equations with Proc GENMOD in SAS with 
link functions and error distributions appropriate to the outcomes, 
adjusting for the cluster and stratified randomized design. 

The trial outcomes will be evaluated using intention-to-treat 

Table 3 
Study outcomes.  

Primary Spine related cost of care at one year 
Change in pain-related function (measured by ODI*) from baseline to 
three months 

Secondary Change in pain-related function (measured by ODI) from baseline to 
one year 
Quality of life (measured by EQ-5D-5L) at one year 
Self-efficacy (modified Lorig Scale) at one year  

* ODI = Oswestry Disability Index. 
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principles among all randomized patients based on the study arm to 
which a subject was assigned at study enrollment. Our primary analyses 
will compare each of the two treatment arms separately with usual care 
(i.e., ICE compared with usual care and IPT with usual care). Because we 
are evaluating two primary outcomes, we will use a Bonferroni- 
corrected two-tailed type 1 error of 0.025 [47,48]. We will not adjust 
for multiple testing between treatment arms for several reasons. First, 
while the chance of finding at least one false positive among several tests 
is greater than 5%, in this case a Bonferroni correction will be too 
conservative because the multiple comparisons among the treatment 
arms share the same exposure groups [49,50]. Secondly, a systematic 
review of multi-arm trials found that more than half of all randomized 
trials with multiple unrelated exposure groups do not adjust for multiple 
comparisons, on the basis that if each exposure was compared with 
control in a separate trial, no adjustment would be necessary [51]. 

Our primary analyses will be performed after imputing missing data 
with multiple imputation. We will perform 20 imputations using Proc MI 
in SAS with a fully conditional specification This procedure assumes that 
data are missing at random and generates imputed values sequentially 
by specifying a regression model for each variable given the other var-
iables, rather than drawing the imputations from a pre-specified joint 
distribution [52]. This approach achieves in-range values and has high 
relative efficiency [53]. Each imputed dataset will be analyzed sepa-
rately, and the results will be pooled using Proc MIANALYZE. The 
overall estimate’s variance is a function of the variance within and be-
tween each of the 20 imputed dataset. The following variables will be 
used to perform the imputation: age, study arm, study site, clinic, sex, 
race/ethnicity, BMI, exercise frequency at baseline, education level, 
employment status, smoking status, other medical conditions at base-
line, number of medications used for spine pain at baseline, length of 
pain at baseline, number of previous pain episodes, STarT back score, 
baseline ODI, baseline self-efficacy, baseline EQ-5D, and scores for 
patient-reported outcomes at every follow-up timepoints (ODI, cost, 
Lorig self-efficacy scale, and EQ-5D). 

For spine-related cost of care, costs will be summed after imputation 
to generate estimates of 12-month spine-related spending. We will use 
generalized estimating equations (Proc GENMOD in SAS with a log link 
and Poisson-distributed errors) to evaluate outcomes for each imputed 
dataset and Rubin’s rules (Proc MIANALYZE in SAS) to combine the 
parameter estimates from the individual analyses [54]. If many subjects 
have no spending in follow-up (which we do not expect, as the eligible 
patients are those presenting to primary care with spine pain) or if we 
observe overdispersion, we will use a zero-inflated negative binomial 
model executed in Proc GENMOD [55]. Because cost data in healthcare 
is not normally distributed with zero values for participants with no 
resource utilization during follow-up, we will winsorize estimated costs 
at the 95th percentile in secondary analyses [56]. We will report relative 
spending differences with confidence intervals and a two-tailed p value. 

Analyses of the change in ODI from baseline to three months, as well 
as secondary outcomes, will be performed identically to those for 
spending, except using an identity link function and normally distrib-
uted errors. For these analyses will report absolute differences with 
confidence intervals and two-tailed p values. 

All models will adjust for age and sex, account for the cluster and 
block randomized study design and include fixed effects for the 3 

different delivery networks that were used for recruitment. Secondary 
analyses will additionally adjust for covariates that differ statistically 
between groups at baseline despite randomization. 

As a sensitivity analysis, we will conduct a complete-case analysis on 
all non-missing values. The complete-case spine-related cost of care and 
change in ODI models will be performed with Proc GENMOD in SAS 
with a log link function and Poisson-distributed errors for spine-related 
health spending and an identify link function and normally distributed 
errors for other outcomes. As resource utilization and ODI were 
collected at multiple time points, we will also evaluate non-missing cost 
and ODI data from each time point using a repeated measures design. In 
specific, we will use generalized estimating equations, with link func-
tions and error distributions appropriate to the study outcomes, to assess 
changes in outcomes over the 12 months of follow-up, while accounting 
for correlations in the repeated measurements. For spine-related health 
spending, these analyses will be conducted using the time intervals at 
which raw data were collected as well as after converting estimates to 
evenly-spaced months. We will also conduct exploratory analyses 
comparing the ICE and IPT treatment arms against each other, though 
this analysis likely to be underpowered. As with our primary analyses, 
all of our sensitivity analyses will account for the cluster and block 
randomized design, include fixed effects for delivery network and adjust 
for age and sex. Similarly, we will report relative spending differences 
and absolute treatment differences, as appropriate. 

Finally, we will evaluate the effect of treatment within pre-specified 
subgroups including age, sex, STarT Back risk group, location of pain, 
pain duration, and whether or not this was the subject’s first pain 
episode. 

2.8. Sample size considerations 

We powered our study to detect clinically and economically- 
meaningful differences between each of the treatment arms and usual 
care. For ODI, assuming a standard deviation of 16-point based on 
published literature [57], an ICC of 0.01, 10% loss to follow-up, we 
estimated that we would need to enroll 699 patients (233 per arm) in 
order to achieve a power of 80% to detect a clinically meaningful dif-
ference of 6 points (out of the 100-point score) [37]. For spine-related 
spending, we estimated that ICE would result in a 20% relative reduc-
tion in spending compared to usual care based on the existing literature 
[58–60]. Because of the lack of peer-reviewed literature evaluating the 
economic impact of IPT, we assumed the same effect size for this arm. 
We further assumed spine-related spending in the usual care of $894 
based upon prior work by Fritz et al. [61], a standard deviation 1.25 
times the mean, an intra-cluster correlation (ICC) of 0.01, a 10% loss to 
follow-up. On this basis, we estimated that we would need to enroll 3096 
patients (1032 per arm) in order to achieve a power of 80% to detect our 
assumed differences in spending between either treatment arm and 
usual care. Given the substantially larger sample size required for our 
economic analyses, we powered our trial on the basis of this outcome, 
which would also give us more than 98% power to detect a 6-point 
change in ODI between each intervention arm and the usual care arm. 

Because of slower than anticipated enrollment, funding limitations in 
the context of the COVID-19 pandemic required us to stop enrollment by 
March 31, 2020 (after 2 years and 10 months of enrollment) by which 

Table 4 
Data collection schedule.  

Outcome Months after enrollment 

0 1 1.5 2 3 4 5 6 7 8 9 10 11 12 

STarT Back Tool x              
Healthcare Utilization  x  x x  x  x  x  x x 
Oswestry Disability Index x  x  x   x      x 
EQ-5D x  x     x      x 
Lorig Self-Efficacy Questionnaire x       x      x  
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time we had recruited 2919 patients (i.e. 94% of planned enrollment). 
Based upon our initial assumptions (rather than any interim analyses of 
trial outcome data), we estimated that this sample size would provide us 
78% power to detect our assumed differences in health spending. 
Conversely, given the inherent uncertainty about the assumptions we 
used for our initial power calculations, we alternatively estimated that 
80% power could be achieved with our reduced sample size despite the 
observed 15% loss to follow-up if the standard deviation of health 
spending was equal to the mean (instead of 1.25 times the mean) and the 
ICC was 0.033 (instead of 0.01). The revised sample size would still give 
us more than 98% power to detect a 6-point change in ODI between each 
intervention arm and the usual care arm. 

2.9. Baseline characteristics 

A total of 25249 patients were screened for eligibility (Fig. 1). The 
final sample consisted of 2971 patients cared for by 328 physicians. The 
sample was mostly female (60.3%), white (71.5%), had a college edu-
cation or above (56.5%), and was employed part- or full-time (66.9%) 
(Table 5). In addition, 1613 patients (54.5%) reported at least one other 
health condition and 2280 patients (76.9%) reported exercising 1 or 
more hours per week. The mean BMI of the sample was 30.2. 

The majority of participants (62.1%) had pain lasting less than 1 
month and 68.5% had previously experienced spine pain. They were 
prescribed an average of 2.5 prescription medications at the time of 
enrollment; 1347 patients (58.2%) reported NSAID use while 129 
(5.6%) reported being prescribed an opioid. 

3. Discussion 

The prevalence of spine pain has increased dramatically in the US 
and worldwide [62,63] with resultant increases in health spending and 
spine-related disability [64]. As a result, it is imperative to develop 
models of care for patients with this condition that are evidence-based, 
practical, and can be used early in the course of disease. 

The primary goal of the SPINE CARE trial is to test two strategies 
integrated into primary care to manage patients with spine pain in the 
first 3 months of pain onset. The trial was conducted in a diverse set of 
primary care settings including an academic medical center, a commu-
nity integrated delivery network, and privately-owned primary care 
clinics in 4 different geographies, and thus findings are likely to be 
widely generalizable. 

There were many lessons learned while conducting this multi-site 
pragmatic trial. To ensure adequate recruitment and retention, we 
adopted site-specific strategies (Table 6) based on input and recom-
mendations from site leadership and on-the-ground study staff. For 
example, we provided incentives to clinic staff at both HonorHealth and 
Vanderbilt to increase enrollment rates. Additionally, because study 
staff reported that transportation costs to physical therapy or Egoscue 
clinics were a deterrent for some patients, we began providing mileage 
reimbursement for intervention arm patients at those sites. Over the 
course of the study, we also increased the number of ways through 
which study staff could get in touch with participants to remind them to 
complete follow-up surveys. Based on feedback from study staff, we 
learned that text messages and reminder emails were useful for many 
patients, but phone calls were especially helpful when attempting to 
contact hard to reach patients. 

There are several important limitations to this trial. First, we 
collected health care utilization data from patient self-report. Despite 
the widespread use of this approach, including in other trials evaluating 
spine care interventions [20,37,65], self-report is nevertheless subject to 
recall bias and other sources of inaccuracy [66–68]. In accordance with 
previous research demonstrating a higher accuracy with more frequent 
data collection [69,70] we collected patient reported utilization every 
month for the first three months of follow up and every other month 
thereafter. 

Second, we used the STarT Back Screening Tool to stratify patients in 
the ICE arm into prognostic subgroups. This tool has been validated and 
is generally used for patients with subacute and chronic pain [71,72]. In 
contrast, most participants in our trial had acute pain. As a result, should 

Fig. 1. CONSORT Diagram.  
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the STarT Back prove less predictive in this population, this will bias the 
potential effectiveness of the ICE intervention to the null. Further, this 
tool conventionally classifies patients into 3 groups (i.e. low-, medium- 
and high-risk) [19] and prior studies have focused the greatest intensity 
of intervention on only those at highest risk. In contrast, we combined 
medium and high-risk patients to maximize the number of people 
receiving the most intensive aspects of the ICE intervention. The added 
intervention cost from this decision could bias any cost savings from this 
intervention toward the null. 

Third, while an equivalent number of screened patients were eligible 
in all three treatment arms, a lower proportion of individuals allocated 
ICE and IPT agreed to participate. We hypothesize that this was the 
result of the additional protocol-specified care required for subjects in 
these arms (for example, travel and time to receive treatment even 
though travel expenses were reimbursed). 

Fourth, although we designed our study to detect economically and 
clinically relevant benefits from the interventions under study and 
included a larger number of clustering units than most published cluster- 
randomized controlled trials [73], an even larger number of smaller 
clinics would have provided additional power and further enhanced 
generalizability. For example, based upon our original trial assumptions, 
doubling the number of clusters would have reduced our overall sample 
size to 2040 and the average number of patients per cluster to 31. That 
said, even large delivery networks like those included in our trial, have a 
finite number of practice sites. Thus, doubling the number of clusters 
would have required also doubling the number of delivery networks. 
Appropriate research-capable environments are challenging to identify, 
and in the case of our study, would likely have added at least another 
year to site identification. Further, each additional site has substantial 
fixed costs to initiate and maintain study procedures which, in some 
cases, may have more than offset the savings from reduced patient 
volumes. 

Finally, should the ICE intervention prove effective, new provider 
roles and new processes for coordination of care will need to be devel-
oped. Similarly, should the study show benefit from the IPT model, 
integration of these models into routine care for spine pain will require 

Table 5 
Baseline characteristics by study arm.   

ICE (N =
829) 

IPT (N =
1150) 

Usual Care (N 
= 992) 

Age, mean (SD) 
50.9 

(16.0) 52.6 (16.0) 51.2 (16.0) 

Male Sex, N(%) 
314 

(38.0%) 
462 

(40.2%) 402 (40.6%)  

Race/ethnicity*, N(%) 

White 
603 

(73.0%) 
868 

(75.5%) 651 (65.8%) 

Black or African-American 80 (9.7%) 
120 

(10.4%) 207 (20.9%) 
American Indian or Alaska Native 7 (0.9%) 13 (1.1%) 11 (1.1%) 
Asian 19 (2.3%) 43 (3.7%) 22 (2.2%) 

Hispanic 
130 

(15.7%) 112 (9.7%) 108 (10.9%) 
Other 60 (7.3%) 29 (2.5%) 42 (4.2%) 

Employed, N(%) 
580 

(70.2%) 
771 

(67.1%) 632 (63.9%)  

Education, N(%) 
Did not finish high school 28 (3.4%) 27 (2.4%) 45 (4.6%) 

Completed high school 
302 

(36.6%) 
421 

(36.6%) 468 (47.3%) 

College degree or higher 
496 

(60.0%) 
702 

(61.0%) 477 (48.2%)  

Chief Complaint, N(%) 

Neck Pain only 
100 

(12.1%) 
160 

(13.9%) 139 (14.0%) 

Back Pain 
685 

(82.6%) 
960 

(83.5%) 840 (84.7%) 
BMI, mean (SD) 29.9 (8.7) 30.0 (8.1) 30.8 (12.2)  

Exercise, N(%) 

Less than 1 h/week 
175 

(21.2%) 
236 

(20.5%) 274 (27.7%) 

1–2 h/ week 
178 

(21.6%) 
240 

(20.9%) 202 (20.4%) 

2–2.5 h/ week 
135 

(16.4%) 
224 

(19.5%) 142 (14.3%) 

Over 2.5 h/ week 
337 

(40.9%) 
450 

(39.1%) 372 (37.6%)  

Medical History*, N(%) 
Heart attack 14 (1.7%) 12 (1.0%) 23 (2.3%) 
Stroke 18 (2.2%) 22 (1.9%) 15 (1.5%) 

Diabetes 78 (9.5%) 
138 

(12.0%) 119 (12.0%) 

High cholesterol 
183 

(22.2%) 
273 

(23.7%) 260 (26.3%) 

Depression 
142 

(17.3%) 
209 

(18.2%) 165 (16.7%) 

Anxiety 
191 

(23.2%) 
255 

(22.2%) 193 (19.5%) 

Osteoarthritis 
98 

(11.9%) 
121 

(10.5%) 101 (10.2%) 
Rheumatoid Arthritis 14 (1.7%) 36 (3.1%) 31 (3.1%) 

None of the above 
384 

(46.7%) 
510 

(44.4%) 455 (46.0%) 
Current Smoker, N(%) 61 (7.4%) 92 (8.0%) 120 (12.2%) 
Number of prescription medications, 

mean (SD) 2.6 (2.6) 2.6 (2.6) 2.4 (2.4)  

Medications taken for spine pain*, N(%) 

NSAIDs 
366 

(57.2%) 
489 

(54.3%) 492 (63.5%) 

Muscle relaxers 
168 

(26.3%) 
206 

(22.9%) 185 (23.9%) 
Opioids 29 (4.5%) 39 (4.3%) 61 (7.9%) 
Steroids 61 (9.5%) 48 (5.3%) 57 (7.4%) 
Other 58 (9.1%) 76 (8.4%) 84 (10.8%)  

When current episode began, N(%) 

1 month ago or less 
541 

(66.7%) 
647 

(56.8%) 630 (64.4%) 

1–2 months ago 
114 

(14.1%) 
212 

(18.6%) 171 (17.5%)  

Table 5 (continued )  

ICE (N =
829) 

IPT (N =
1150) 

Usual Care (N 
= 992) 

2–3 months ago 
156 

(19.2%) 
281 

(24.7%) 177 (18.1%)  

Number of previous episodes, N(%) 

None 
257 

(31.7%) 
339 

(29.7%) 325 (33.2%) 

1–2 
188 

(23.2%) 
250 

(21.9%) 226 (23.1%) 

3–4 
115 

(14.2%) 
178 

(15.6%) 127 (13.0%) 
5–6 54 (6.7%) 80 (7.0%) 70 (7.2%) 

More than 6 episodes 
196 

(24.2%) 
293 

(25.7%) 230 (23.5%) 
Baseline STarTBack Score, mean 

(SD) 5.0 (2.2) 4.6 (2.2) 4.5 (2.5)  

Baseline ODI Score, mean (SD) 
31.2 

(16.9) 29.3 (16.1) 28.9 (17.4) 

Baseline EQ-5D Score, mean (SD) 
0.69 

(0.14) 0.70 (0.14) 0.70 (0.14) 
Baseline EQ-5D VAS Score, mean 

(SD) 
69.7 

(19.1) 68.7 (18.3) 69.5 (19.2) 
Baseline Self-efficacy Score (function 

subscale), mean (SD) 
82.9 

(17.2) 82.4 (18.7) 82.6 (18.5) 
Baseline Self-efficacy Score (other 

symptoms subscale), mean (SD) 
72.7 

(20.9) 71.5 (21.1) 74.2 (21.5) 

Abbreviations: ICE: Identify, Coordinate, and Enhance, IPT: Individualized 
Postural Therapy, BMI: Body Mass Index, ODI: Oswestry Disability Index. 

* Participants were allowed to select multiple categories. As such, the total 
percentages for each category do not add up to 100%. 
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different reimbursement models by payers and also will likely require 
tools for primary care clinicians to use in supporting their referral of 
patients to IPT. 

In conclusion, this cluster randomized trial will compare usual care 
with two novel models of care for the management of spine pain in the 
primary care setting and determine their impact on healthcare utiliza-
tion and pain-related disability. 
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