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ACKGROUND CONTEXT: The STarT Back Screening Tool (SBST) categorizes risk of future

disability in patients with low back pain (LBP). Previous studies evaluating the use of SBST in

physical therapy (PT) populations do not reflect the ethnic and socioeconomic diversity occurring

in clinical practice and lack statistical power to evaluate factors associated with outcomes within

each SBST risk category.

PURPOSE: The purpose of this study is to further refine SBST risk categorization for predicting

improvements in functional disability with attention toward patient level factors that might guide

SBST use in routine outpatient physical therapy practice.

STUDY DESIGN/SETTING: This was a retrospective cohort study that took place within a large

academic, tertiary-care health system.

PATIENT SAMPLE: The study cohort consisted of 1,169 patients with LBP who completed a

course of outpatient physical therapy from June 1, 2014 to May 31, 2015 and who completed the

patient-reported SBST and modified low back pain disability questionnaire (MDQ) questionnaires

as part of standard of care.

OUTCOMEMEASURES: Improvement in functional disability defined as decrease in 10 or more

points in the MDQ.

METHODS: Multivariable logistic regression was performed to evaluate independent predictors

of improvement after PT, which included SBST risk category, baseline MDQ, a two-way interac-

tion term between SBST category and baseline MDQ, prior level of function (independent vs.

required assistance), demographic characteristics, number of completed PT visits, and duration of

PT episode of care. In exploratory analyses, additional two-way interaction terms between SBST

category and the significant predictors were added to the regression model.

RESULTS: Mean age of patients in the study cohort was 55.1 years (SD 16.1); 657 (56.2%) were

female, 117 (10.0%) were black race, 127 (10.9%) had Medicaid insurance, and 353 (30.2%) had

previously received PT for back pain. In all, 35.8% (n=419) patients categorized as low risk SBST

category, 40.7% (n=476) medium risk SBST category, and 23.4% (n=274) high risk SBST cate-

gory. There was an interaction between baseline MDQ and SBST risk category and improvement
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with PT. For all three SBST categories, higher baseline MDQ was associated with higher probabil-

ity of improvement, but the effect was less pronounced as SBST risk category increased. Additional

factors independently associated with reduced odds of improvement after PT included black race

(odds ratio [OR] 0.44, 95% confidence interval [CI] 0.28−0.72), Medicaid insurance (OR=0.58,

95% CI 0.36−0.95), and prior PT (OR=0.48, 95% CI 0.34−0.67). In exploratory analyses, there

was a significant interaction between insurance type and SBST risk category in predicting func-

tional improvement after PT. Patients with Medicare and Medicaid insurance had similar rates of

improvement in low and high risk SBST categories but different rates of improvement in the

medium risk categories.

CONCLUSIONS: The SBST tool predicts outcomes of PT in a cohort of patients receiving outpa-

tient PT for LBP. The odds of improvement varied according to baseline disability and SBST risk

status. Race, insurance type, and history of previous PT influenced prediction independent of

SBST risk status. Incorporating these variables and the interaction between SBST and baseline dis-

ability in outcome models has the potential to refine prediction of outcomes after PT. © 2018

Elsevier Inc. All rights reserved.
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Introduction

Back pain is one of the most common health problems

with more than two-thirds of the population reporting back

pain at least once during life [1,2]. Low back problems are

the second and third leading complaint in outpatient visits

and hospital admissions respectively [1,3] and carry an

annual prevalence of as high as 45% [4]. The high inci-

dence and prevalence of back pain equates to substantial

health care utilization and spending. In 2005 in the US, the

direct health care costs of back pain were estimated at

85 billion dollars [5,6]. More concerning is that these cost

has increased by 65% since 1995 at a rate far outpacing

overall healthcare spending [5−7].
At least 25% of outpatient physical therapy practice is

related to low back pain (LBP) [8−10]. The American

College of Physicians practice guidelines recommend

many nonpharmacologic interventions used by physical

therapists as front line LBP treatments [11]. However, 45%

of patients receiving physical therapy fail to have signifi-

cant improvement in pain and disability [12]. Early identifi-

cation of those with favorable and nonfavorable prognoses

could have a significant impact on future care models for

LBP. In particular, emotional dimensions are important

contributors to outcomes of patients with LBP. The STarT

Back Screening Tool (SBST) [13] is one well-established

clinical tool used to determine risk of future disability based

on psychosocial factors. It was originally designed for use

in primary care [14], where providing risk-stratified

treatment improved disability outcomes while lowering

healthcare utilization when compared to usual care [15].

The SBST has also been used to successfully predict

disability outcomes for patients seeking outpatient physical

therapy [16,17].

There are still areas to explore for gaining a better under-

standing of the SBSTs predictive capabilities, in order to

improve their utility in clinical practice. Previous studies
have focused on differences in clinical outcomes between

the three risk groups, because they lacked adequate statisti-

cal power to refine predictive accuracy within an individual

risk group. Prior investigations were recruited as part of

clinical trials or cohort studies, and may not reflect ethnic

and socioeconomic diversity occurring in real practice set-

tings. Future investigation of these factors is needed as

highlighted by a recent analysis indicating individuals with

greater psychosocial distress and lower socioeconomic

status (SES) had decreased benefit of receiving risk strati-

fied care [18]. Therefore, the overall purpose of this study

to further refine SBST risk categorization for predicting

improvements in disability in a multivariable model with

attention toward patient level factors that might guide

SBST use in routine outpatient physical therapy practice.

First, we determined the association of SBST categorization

with meeting a clinically meaningful improvement thresh-

old for functional disability, as determined by the patient-

reported modified low back pain disability questionnaire

(MDQ). Second, we investigated whether there was an

interaction between SBST risk category and baseline func-

tional disability to provide better context in predicting

improvement. Information from this analysis will optimize

the use of SBST within clinical practice.
Methods

Study design

This was a retrospective cohort study of patients with

LBP who presented for outpatient physical therapy at

Cleveland Clinic Health System facilities in northeastern

Ohio. In this system, patient-reported outcomes are system-

atically collected at the point of care on tablets at all physi-

cal therapy sites through the Knowledge Program data

collection system [19]. Results are immediately available

within the electronic health record (Epic, Epic Corporation,
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Verona, WI, USA). SBST and MDQ were both collected

during routine clinical encounters. Data from the first year

of collection, June 1, 2014 to May 31, 2015, were included

in this analysis.

All physical therapists follow the Cleveland Clinic Phys-

ical Therapy Back Pain Care Path, which incorporates evi-

dence-based principles of PT, standardized documentation,

and outcomes assessment for patients with back and neck

pain (see Appendix I). A treatment-based classification sys-

tem is utilized, which matches patients treatments to exami-

nation findings [20−24] and may include corrective

exercises for motor control, back specific strength and con-

ditioning, directional preference and movement retraining,

and manual therapy.

Data elements

Prognostic measure

The SBST consists of 9 items, which are used to catego-

rize patients’ level of risk for having persisting LBP with

disability: low risk if the total score from both subscales is

from 0 to 3, high risk if the psychosocial subscale score is

4 or 5, and medium risk if falling into neither the low-risk

nor the high-risk [13]. The SBST was used as a categorical

variable (low, medium, or high risk) for data analysis.

Outcome measure

The MDQ is a validated 10-item questionnaire instru-

ment [25] based on the Oswestry Disability Index. It

assesses different aspects of function in LBP. Each item is

scored 0 to 5 points, which are summed and doubled to pro-

duce a final score ranging from 0 to 100. Higher scores indi-

cate greater disability. Reduction in MDQ of 10 or more

points has been demonstrated to indicate clinically mean-

ingful improvement [26−28] and indicates a moderate or

greater effect size [11]. This threshold was used in our

analysis to indicate a clinically meaningful improvement

(10+ point change) or not (less than 10 point change) during

a given treatment episode.

Covariates

All demographic, clinical, and treatment variables were

electronically extracted from the electronic health record.

Demographic variables included age (in years), sex (Male,

Female), race (White, Black, Other), ethnicity (Hispanic vs.

non-Hispanic), marital status (married, single, divorced,

widowed), and insurance provider (private, self-pay, Medi-

care, Medicaid). Clinical variables were documented by

physical therapists in standardized templates at the initial

visit of the defined episode of care and included number of

recommended visits, working status (working, not working,

retired, disabled), previous treatments for LBP (physical

therapy, chiropractic treatment, massage, acupuncture,

injections, exercise, and surgery). In addition, prior func-

tion before episode of LBP was documented. Patients were

categorized as “required assistance” if they required help
with ambulation, activities of daily living, independent

activities of daily living, or required workplace accommo-

dation. Otherwise patients were categorized as

“independent.” Treatment variables included completed PT

visits (number of visits) and duration of PT episode of care

(number of days).

Patient selection

Patients were included in this analysis if they were over

the age of 18 years at their first visit in the study period and

during their first PT episode of care had a primary Interna-

tional Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) code for LBP (724.2, 724.3,

724.4, and 724.5). Consistent with the date range included

in the data analysis, patients’ first visit in the episode of

care had to occur on or after June 1, 2014 and their last visit

attended in the episode of care had to be on or before May

31, 2015. Furthermore, in order to be included in the analy-

sis patients must have completed the SBST and MDQ at

baseline and the MDQ at a follow-up visit. For patients

with more than one follow-up MDQ, we used the last one

completed for a given episode of care. Patients were

excluded if there was inadequate clinical documentation to

identify when the PT episode of care was completed.

Data analysis

Clinical characteristics of patients in the study sample

were summarized using descriptive statistics for patients in

the study sample overall and stratified by SBST category.

Baseline, follow-up, and change in MDQ score were com-

puted in each of the SBST categories and we used analysis

of variance to determine whether the mean change in score

was different among the three groups. In addition, cumula-

tive distribution functions were graphed to examine the pro-

portion of patients in each SBST risk category who

experienced change in MDQ score along a continuum of

change from improvement to worsening. A log-rank test

was performed to determine if the cumulative distribution

functions were different for the three SBST risk categories.

Multivariable logistic regression

Multivariable logistic regression was performed to eval-

uate the independent effect of SBST risk category on

improvement in functional disability with PT after adjust-

ment for clinical and demographic characteristics and PT

treatment variables. Continuous covariates were treated as

linear and categorical variables were categorized as

described in the above covariates section. Improvement in

MDQ score of 10 or more points was the response variable.

The independent variable of interest was the baseline SBST

category. We also examined whether the effect of SBST

category on improvement in MDQ depended on baseline

MDQ. This was achieved by including two-way interaction

terms between SBST category and these variables. In

exploratory analyses, additional interaction terms between
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SBST and all other factors found to be independently asso-

ciated with improvement were then included in the model.

C-statistics for each model were computed and adjusted for

optimism using bootstrap internal validation methods.

Model calibration was assessed graphically by plotting pre-

dicted probabilities versus observed probabilities.

All computations were done in R, version 3.4.1 [29]. All

tests were two-sided and p values less than .05 were consid-

ered statistically significant. Missing covariate data (eg,

race, work status) was handled using multivariate imputa-

tion by chained equations. The imputation model was

created in the full cohort of back pain patients and subse-

quent outcome models created on the subset of patients

who completed the baseline SBST and MDQ at baseline

and follow-up [30]. This study was approved by the Cleve-

land Clinic Institutional Review Board. Because data used

in this study was collected as part of standard of care,

requirement for informed consent was waived.
Results

Patient characteristics

A total of 10,329 patients had a PT episode of care

between June 1, 2014 and May 31, 2015 with a primary ICD-

9-CM diagnosis code for a LBP and were 18 years of age or

older at their first visit. We removed 287 patients who were

missing documentation indicating their episode of care was

complete and an additional 6,130 patients who did not com-

plete the SBST. Finally, we removed 2,743 patients who did

not have an MDQ at baseline and follow-up. Thus, our final

sample consisted of 1,169 patients (Fig. 1).

Descriptive statistics for patients included and excluded

from analysis data are presented in Appendix II, Table A1.

Patients included in the study cohort were slightly more

likely to be female, more likely to be white, had slight dif-

ferences in insurance status, were less likely to have
Fig. 1. Low back pain population.

Flow diagram of study subjects.
previously required assistance, more likely to have had pre-

vious chiropractic treatment, and had a larger average num-

ber of recommended PT visits and larger average visits

attended.

In patients in the analyzed cohort, 35.8% (n=419) were

categorized as low risk (SBST Category 1), 40.7% (n=476)

medium risk (SBST Category 2), and 23.4% (n=274) high

risk (SBST Category 3). Follow-up MDQ score was com-

pleted a mean of 44.6 days (standard deviation [SD] 29.3)

after baseline MDQ score. Patients in the high risk SBST cat-

egory were younger, more likely to be black, less likely to be

married, lived in zip codes with lower median income, were

less likely to be working, were more likely to be onMedicaid,

were more likely to have previously required assistance, were

less likely to have used acupuncture in the past, had higher

baseline MDQ, and had a larger average number of recom-

mended visits as well as visits attended (Table 1).

As expected, higher baseline SBST category was associ-

ated with higher MDQ score at baseline and follow-up

(Table 2). There were also differences in the distributions

of MDQ change scores for the 3 groups (p< .001), with

greater improvement in patients in the medium and high

risk SBST categories (Fig. 2).
Independent predictors of functional improvement

Of the 1,169 patients included in the multivariable logis-

tic regression model, 537 (45.9%) improved by 10 or more

points. There were 4 variables independently associated

with improvement in MDQ. Black patients had lower prob-

ability of improvement compared to white patients (odds

ratio [OR] 0.44, 95% confidence interval [CI] 0.28−0.72).
Patients on Medicaid were less likely to improve than

patients with private health insurance (OR=0.58, 95% CI

0.36−0.95). Patients who had prior PT were less likely to

report meaningful improvement; none of the other six



Table 1

Descriptive statistics of patient characteristics stratified by SBST risk category

All patients SBST risk category=1 SBST risk category=2 SBST risk category=3 p value

N 1,169 419 476 274

Age, mean (SD) 55.1 (16.1) 57.1 (16.6) 54.2 (15.7) 53.4 (15.6) .004

Sex

Male 512 (43.8%) 191 (45.6%) 195 (41.0%) 126 (46.0%) .269

Female 657 (56.2%) 228 (54.4%) 281 (59.0%) 148 (54.0%)

Race

White 973 (83.2%) 365 (87.1%) 403 (84.7%) 205 (74.8%) < .001

Black 117 (10.0%) 26 (6.2%) 45 (9.5%) 46 (16.8%)

Other 29 (2.5%) 14 (3.3%) 6 (1.3%) 9 (3.3%)

Missing 50 (4.3%) 14 (3.3%) 22 (4.6%) 14 (5.1%)

Ethnicity

Hispanic 38 (3.3%) 12 (2.9%) 11 (2.3%) 15 (5.5%) .056

Non-Hispanic 1,107 (94.7%) 401 (95.7%) 452 (95.0%) 254 (92.7%)

Missing 24 (2.1%) 6 (1.4%) 13 (2.7%) 5 (1.8%)

Marital status

Married 670 (57.3%) 258 (61.6%) 288 (60.5%) 124 (45.3%) .002

Single 296 (25.3%) 99 (23.6%) 114 (23.9%) 83 (30.3%)

Divorced 100 (8.6%) 34 (8.1%) 35 (7.4%) 31 (11.3%)

Widowed 75 (6.4%) 19 (4.5%) 32 (6.7%) 24 (8.8%)

Missing 28 (2.4%) 9 (2.1%) 7 (1.5%) 12 (4.4%)

Median income by ZIP code (x $1,000), mean (SD) 55.4 (18.2) 58.3 (18.4) 54.7 (17.6) 52.0 (18.4) < .001

Work status

Working 682 (58.3%) 249 (59.4%) 293 (61.6%) 140 (51.1%) < 0.001

Not working 115 (9.8%) 24 (5.7%) 39 (8.2%) 52 (19.0%)

Retired 293 (25.1%) 135 (32.2%) 115 (24.2%) 43 (15.7%)

Disabled 54 (4.6%) 6 (1.4%) 19 (4.0%) 29 (10.6%)

Missing 25 (2.1%) 5 (1.2%) 10 (2.1%) 10 (3.6%)

Insurance

Private 555 (47.5%) 197 (47.0%) 248 (52.1%) 110 (40.1%) < .001

Self-pay 195 (16.7%) 80 (19.1%) 76 (16.0%) 39 (14.2%)

Medicare 249 (21.3%) 104 (24.8%) 84 (17.6%) 61 (22.3%)

Medicaid 127 (10.9%) 24 (5.7%) 49 (10.3%) 54 (19.7%)

Missing 43 (3.7%) 14 (3.3%) 19 (4.0%) 10 (3.6%)

Prior function

Independent 1095 (93.7%) 407 (97.1%) 446 (93.7%) 242 (88.3%) < .001

Require assistance 39 (3.3%) 3 (0.7%) 16 (3.4%) 20 (7.3%)

Missing 35 (3.0%) 9 (2.1%) 14 (2.9%) 12 (4.4%)

Previous treatments

Physical therapy 353 (30.2%) 132 (31.5%) 134 (28.2%) 87 (31.8%) .450

Occupational therapy 2 (0.2%) 0 (0.0%) 1 (0.2%) 1 (0.4%) .708

Chiropractic 160 (13.7%) 47 (11.2%) 70 (14.7%) 43 (15.7%) .172

Massage 36 (3.1%) 9 (2.1%) 16 (3.4%) 11 (4.0%) .342

Acupuncture 15 (1.3%) 3 (0.7%) 11 (2.3%) 1 (0.4%) .031

Injections 121 (10.4%) 37 (8.8%) 52 (10.9%) 32 (11.7%) .420

Exercise 232 (19.8%) 86 (20.5%) 82 (17.2%) 64 (23.4%) .117

Surgery 35 (3.0%) 17 (4.1%) 11 (2.3%) 7 (2.6%) .276

Baseline MDQ score, mean (SD) 33.8 (17.3) 20.7 (11.9) 37.1 (14.3) 48.0 (15.1) < .001

Number of recommended visits, mean (SD) 8.6 (4.2) 7.9 (4.2) 8.7 (3.9) 9.5 (4.3) < .001

Number of visits attended, mean (SD) 7.1 (3.7) 6.6 (3.6) 7.3 (3.7) 7.6 (3.9) < .001

Duration of episode of care (days), median (IQR) 42 (29, 63) 42 (29, 62) 42 (28, 63) 44.5 (30, 69.5) .690

IQR, interquartile range; MDQ, modified low back pain disability questionnaire; SBST, STarT Back Screening Tool; SD, standard deviation. SBST cate-

gory score indicates risk for long-term disability: 1, low risk, 2, medium risk, and 3, high risk.
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previous treatments were independently associated with

outcome (Table 3).

There was an interaction between baseline MDQ and

SBST risk category in the logistic regression model examin-

ing the factors associated with improvement in MDQ by 10

or more points. For all three SBST categories, higher baseline
MDQ was associated with higher probability of improving

by 10 or more points in MDQ, but the effect was less

pronounced as SBST risk category increased (see Fig. 3).

Model discrimination was moderate (optimism-adjusted

c-statistic=0.695, based on 200 bootstrap iterations). A cali-

bration plot revealed that predicted probabilities below 0.1



Table 2

Means and standard deviations of modified low back pain disability questionnaires at baseline, follow-up, and the change in score, stratified by SBST risk

category

SBST risk category=1

N=419

SBST risk category=2

N=476

SBST risk category=3

N=274

p value

Mean MDQ score (SD)

Baseline 20.7 (11.9) 37.1 (14.3) 48.0 (15.1) < .001

Follow-up 13.7 (11.7) 25.1 (17.1) 37.1 (20.2) < .001

Change* ¡7.0 (11.2) ¡12.0 (15.6) ¡10.9 (18.0) < .001

Clinically important change in MDQy, n (%)

Improved 162 (38.7%) 248 (52.1%) 127 (46.4%) Improved

Stable 235 (56.1%) 198 (41.6%) 123 (44.9%) Stable

Worsened 22 (5.3%) 30 (6.3%) 24 (8.8%) Worsened

* Change is defined as follow-up score − baseline score.
y Clinically important change defined as change in MDQ ≥ 10 points.
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were slightly underestimated while predicted probabilities

above 0.9 were slightly overestimated (see Appendix II,

Figure A1). Although, more than 96% of predicted proba-

bilities fell between 0.1 and 0.9, indicating that model cali-

bration was good for the majority of our sample.

To estimate the probability of improvement by 10

points in MDQ for a particular patient, one can input the

patient’s information into the model using the estimated

coefficients (not ORs) found in Table 3. The resulting

value on the log-odds scale can be converted to a pre-

dicted probability by employing the inverse logit function

(see Appendix III).
Exploratory analysis

Two-way interaction terms between SBST risk category

and the variables race, insurance, and previous PT were
Fig. 2. Cumulative frequency distributions stratified by SBST risk category.

MDQ, modified low back pain disability questionnaire; SBST, STarT Back Sc

and the percent of patients experiencing that change on the Y-axis stratified by ba

mately 15% of patients with SBST score of 1 and 30% of patients with SBST scor
added to the model in exploratory analyses. The interaction

term between insurance and SBST risk category was statisti-

cally significant (omnibus p value=.013). There was a vari-

able pattern in the proportion of patients who improved by

10 points in the MDQ across SBST categories according to

insurance status. Patients with Medicare and Medicaid insur-

ance had similar rates of improvement in low and high risk

SBST categories but different rates of improvement in the

medium risk categories. Only patients with private insurance

showed a consistent trend in outcomes across SBST risk cate-

gories, with lower rates of improvement with increasing risk

category. Interactions between race and SBST risk category

and prior PT and SBST category were not significant (omni-

bus p values=.688 and .585, respectively). Model discrimina-

tion was very similar to the model without the additional

interaction terms (optimism-adjusted c-statistic=0.697) as

was calibration (see Appendix II, Figure A2).
reening Tool. This graph demonstrates the change in MDQ on the x −axis
seline SBST score. As an example of how to interpret this graph, approxi-

e of 2 or 3 demonstrated improvement of 20 points or greater in the MDQ.



Table 3

Results of multivariable logistic regression model where dependent vari-

able was improvement in MDQ by 10 or more points

Covariate Odds ratio

(95% CI)

p value

Intercept 0.16 (0.06, 0.41) < .001

SBST risk category (vs. 1)

SBST 2 2.63 (1.22, 5.68) .014

SBST 3 4.89 (1.79, 13.37) .002

Baseline MDQ score (per 10 units) 2.59 (2.06, 3.25) < .001

Age (per 10 y) 0.96 (0.85, 1.07) .450

Sex (vs. female)

Male 1.02 (0.79, 1.33) .862

Race (vs. white)

Black 0.44 (0.28, 0.72) < .001

Other 1.08 (0.46, 2.56) .855

Ethnicity (vs. non-Hispanic)

Hispanic 0.52 (0.22, 1.23) .135

Marital status

Single 0.80 (0.57, 1.12) .197

Divorced 0.99 (0.61, 1.60) .966

Widowed 1.21 (0.69, 2.12) .498

Median household income* (per $10,000) 1.04 (0.96, 1.13) .300

Insurance (vs. private)

Self-pay 0.88 (0.61, 1.27) .500

Medicare 0.96 (0.64, 1.44) .842

Medicaid 0.58 (0.36, 0.95) .030

Work status (vs. working)

Not working 0.69 (0.42, 1.11) .123

Retired 0.90 (0.59, 1.36) .612

Disabled 0.61 (0.31, 1.18) .142

Prior function (vs. independent)

Require assistance 0.74 (0.34, 1.61) .452

Previous physical therapy 0.48 (0.34, 0.67) < .001

Previous chiropractic treatment 1.05 (0.73, 1.53) .781

Previous massage 0.70 (0.34, 1.44) .338

Previous acupuncture 0.90 (0.29, 2.75) .851

Previous injections 0.68 (0.44, 1.04) .072

Previous exercise 1.07 (0.74, 1.55) .731

Previous surgery 0.78 (0.36, 1.68) .527

Number of physical therapy visits 1.00 (0.95, 1.04) .819

Duration of episode of care (per 30 d) 0.92 (0.78, 1.08) .299

Baseline MDQ£SBST (vs. SBST 1)y

SBST 2 0.61 (0.47, 0.80) < .001

SBST 3 0.48 (0.36, 0.64) < .001

CI, confidence interval; PT, physical therapy.

* Median household income estimated from ZIP code.
y See Fig. 3 for graphical depiction of interaction between baseline

MDQ and SBST.
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Discussion

Our analyses demonstrated a potentially complex relation-

ship between SBST category, disability score, and improve-

ment. The interaction between SBST category and baseline

MDQ score is a novel finding with clinical relevance, as our

findings indicated that the relationship between SBST cate-

gory and meaningful improvement in disability varied

according to baseline MDQ scores. Among patients with

lower baseline disability (MDQ scores < 20), those catego-

rized as low psychosocial risk had lower probabilities of

improvement than patients with medium or high psychosocial
risk. Conversely, in patients with higher baseline disability

(MDQ scores > 20), patients categorized as low risk had the

greatest probability of improvement with progressively

higher disability scores, followed by patients with medium

psychosocial risk. Patients characterized as high risk had the

lowest probability of improvement as the baseline MDQ

scores increased. These data are some of the first we are

aware of that show how (1) accuracy of SBST risk stratifica-

tion could be refined by using the baseline disability, and (2)

other prognostic factors used in conjunction with the SBST

allow better prediction of clinical improvements.

The lower effectiveness of PT in patients in the high risk

SBST category with MDQ scores > 20 suggests that

patients with moderate or greater disability scores and psy-

chological distress may benefit from interventions that sup-

plement traditional PT and that includes a focus on

psychological aspects of back-pain related disability. This

interpretation is supported by the success of a stratified

approach to back pain care in primary care and outpatient

physical therapy settings [15,31]. The greater improvement

seen in patients with low SBST category compared to the

medium and high risk categories may reflect the favorable

natural history of LBP regardless of treatment in this patient

group [13]. Because we did not have a comparator group of

patients who did not receive PT, we were not able to deter-

mine which explanation is correct.

In addition to the SBST interaction with baseline MDQ

score, Medicaid insurance, black race, and previous PT

were each independently associated with lower odds of

improvement in disability. Medicaid insurance is often con-

sidered a surrogate for low SES [32], which has been previ-

ously associated with lower response to intervention for

back pain SBST [18]. However, median household income

estimated from ZIP code, another marker for SES [33], was

not significantly associated with response to treatment in

our cohort. It is possible that income estimated from ZIP

code is inadequate to assess SES in this context, as SES is a

multidimensional construct that includes education level

and occupation in addition to income [34]. Alternatively,

Medicaid insurance in this analysis may reflect poor health

more than SES. Poor health has been consistently associ-

ated with worse prognosis in patients with back pain [35].

Of note, there was a significant interaction between insur-

ance and SBST in the prediction model, with variable pat-

tern of improvement across SBST categories according to

insurance type. These patterns are difficult to explain but

suggest that patients with different insurance types differ in

ways that were unmeasured in this analysis but which

impact the outcomes of patients receiving PT.

Racial differences in the experience of pain are well-rec-

ognized. Black patients with pain have greater pain-related

symptoms and disability compared to white patients [36

−38] and report significantly more post-traumatic stress

disorder, irritability, and depressive symptoms than older

non-Hispanic whites [37]. Less is known about the impact

of race on response to treatment of pain although the



Fig. 3. Predicted percentage of patients who improved by 10 or more points on the MDQ by SBST risk category and baseline MDQ.

MDQ, modified low back pain disability questionnaire; SBST, STarT Back Screening Tool. Figure values adjusted for variables in Table 3. Predictions

were estimated by inputting median values for continuous variables and reference categories for categorical variables.
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limited available data have shown similar treatment benefit

between black and white patients [39,40]. We found no

interaction between race and SBST risk category and

improvement after PT indicating that the predictive value

of SBST in Black patients is similar across risk categories.

There is a need for further research to clarify factors con-

tributing to the association of race with worse outcomes

with PT demonstrated in our study and how these factors

can be combined with SBST to refine outcome prediction.

The reduced adjusted odds for clinically significant

improvement in patients who underwent previous PT is, by

itself, not surprising; these patients were more likely to have

had recurrent or chronic LBP and therefore poorer prognosis.

However, there was no association between improvement

and the other six previous treatments for LBP, which would

be expected if prior PT served only as a surrogate for chronic

LBP. These findings raise the question of whether patients

who have undergone previous PT should be considered for

supplemental or alternate treatment for LBP, possibly with

interventions that addresses psychosocial factors contributing

to LBP. These findings could also be used to generate hypoth-

eses for future studies of how prior PT can be used to inform

prediction of clinical improvements.

Collectively these findings indicate that prior PT, race,

and insurance add supplemental information to outcome

prediction models that include the interaction between

baseline SBST and MDQ score. These two scales incorpo-

rate many of the constructs relevant for prognostication in

patients with LBP [41]. The clinical relevance of these find-

ings is the demonstration of how prediction of functional

outcomes can be refined without adding items to the SBST.
One of the inherent advantages of the SBST clinical use is

its brevity but there are still opportunities for improving

its accuracy for outcome prediction. These analyses incor-

porated information from routine clinical encounters and

identified how it can be used to improve outcome prediction

in tandem with the SBST. In clinical settings where there

are options to increase item sets additional constructs not

included in our dataset related to resilience and health

behaviors may further improve the ability to predict out-

comes [41]. Further research is needed to determine

whether including variables that measure these constructs

add incremental prognostic information to SBST and func-

tional disability for use in individualizing treatment and

whether they mediate the relationship between the variables

race, prior PT, and insurance status on disability outcomes.

An important strength of this study is the large sample

size collected during routine clinical visits. This allowed us

to determine the generalizability of SBST risk status

beyond clinical trial and cohort studies, as well as more

closely assess the relationship between SBST and clinical

variables. This sample also allowed to determine the proba-

bilities of improvement with varying baseline levels of

functional disability within each SBST category, which

provides information that could be incorporated into treat-

ment decisions. In addition, our study cohort was more

racially diverse than the patient populations in the previous

SBST studies [42], allowing us to evaluate the association

between race and outcomes after PT.

This study also has several limitations. The study cohort

consisted of patients who had 1 of 4 primary encounter

diagnosis codes for nonspecific back pain and the specific
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pain triggers and anatomic abnormalities likely varied

across patients. This approach may have introduced unmea-

sured variability in the analyses by not directly accounting

for specific diagnostic factors. However, this approach is

defensible because it increased generalizability of our study

results and there is little evidence to support diagnostic cat-

egories being strongly linked to outcomes [43,44]. Patient

included in the study cohort met specific inclusion criteria,

and represented 10% of patients with 1 of 4 encounter diag-

nosis codes, raising the possibility of selection bias.

Although we corrected for measured variables in regression

models, it is possible that study patients are different from

excluded patients in ways that were unmeasured. To

account for selection bias using the available data, our

imputation model was created in the full cohort of back

pain patients and subsequent outcome models created on

the subset of patients who completed the MDQ [30].

Another limitation is that the same minimal clinically

important difference for the MDQ was used for all patients,

which may limit responsiveness depending on LBP dura-

tion and severity. In addition, the PT program followed

basic principles of therapy with individualization of content

and number of recommended sessions based on the thera-

pist’s initial evaluation (see Appendix I). This may have

reduced our ability to detect differences in outcomes

according to MDQ score and SBST level. However, indi-

vidualizing PT is a basic tenant of care; this analysis is

intended to determine if additional prognostic factors may

be helpful at optimizing the prediction of clinical outcomes.

The duration of LBP was not available in this analysis,

although the use of previous PT, a potential surrogate

for duration, was included. Finally, another limitation is

that a myriad of other variables that may have impacted

outcomes, such as specific type of PT used (eg, spinal

manipulation), adherence to home exercise, adherence

to recommended number of therapy visits, and comorbid

conditions, were not included in this analysis.
Conclusion

This analysis has shown that SBST tool predicts out-

comes of PT in a real world cohort of patients receiving

outpatient physical therapy for LBP. We identified nuances

that may refine future SBST use. First, there was an interac-

tion indicating that odds of improvement varied according

to baseline disability and SBST risk status. Second, we

identified race, insurance type, and history of previous PT

as variables that improved prediction independent of SBST

risk status. Incorporating these variables and the interaction

between SBST and baseline disability in outcome models

has the potential to refine prediction of outcomes after PT.

Collectively these findings could have implications for

clinical management by identifying nonmodifiable social

(ie, race, insurance type) and utilization (ie, prior PT)

factors that are not captured by the SBST. The complex
relationship between SBST and these other factors merit

further investigation in future studies.
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