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Objective. Identifying subgroups of low back pain (LBP) has the potential to improve prediction 

of clinical outcomes. Risk stratification is one such strategy that identifies similar characteristics 

indicative of a common clinical outcome trajectory. The purpose of this study was to determine 

if an empirically derived subgrouping approach based on physical impairment measures 

improves information provided from the STarT Back Tool (SBT). 

Methods. At baseline in this secondary analysis of a cohort study, patients (N = 144) receiving 

physical therapy for LBP completed the SBT and tests (active lumbar flexion, extension, lateral 

bending, and passive straight-leg-raise) from a validated physical impairment index. Clinical 

outcomes were assessed at 4 weeks and included the Numerical Pain Rating Scale (NPRS) and 

Oswestry Disability Index (ODI). Exploratory hierarchical agglomerative cluster analysis 

identified empirically derived subgroups based on physical impairment measures. Independent 

samples t testing and chi-square analysis assessed baseline subgroup differences in demographic 

and clinical measures. Spearman rho correlation coefficient was used to assess baseline SBT risk 

and impairment subgroup relationships, and a 3-way mixed-model ANOVA was used to 

assessed SBT risk and impairment subgroup relationships with clinical outcomes at 4 weeks. 

Results. Two physical impairment-based subgroups emerged from cluster analysis: (1) Low-

Risk Impairment (n = 119, 81.5%), characterized by greater lumbar mobility and (2) High-Risk 

Impairment (n = 25, 17.1%), characterized by less lumbar mobility. A weak, positive relationship 
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was observed between baseline SBT risk and impairment subgroups (rs = .170). An impairment-

by-SBT risk-by-time interaction effect was observed for ODI scores but not for NPRS scores at 4 

weeks. 

Conclusions. Physical impairment subgroups were not redundant with SBT risk categories and 

could improve prediction of 4-week LBP disability outcomes. Physical impairment subgroups 

did not improve the prediction of 4-week pain intensity scores.    

Impact. Subgroups based on physical impairment and psychosocial risk could lead to better 

prediction of LBP disability outcomes and eventually allow for treatment options tailored to 

physical and psychosocial risk.  
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Strategies that minimize heterogeneity for common musculoskeletal pain conditions and 

optimize prognostic decision making have been recently emphasized.
1–6

  Risk stratification is 

one such strategy that identifies subgroups of patients with similar characteristics that are 

indicative of a common risk trajectory for clinical outcomes.  

Identifying subgroups predictive of clinical outcomes is an important component to risk 

stratification. This can be especially true if the prognostic indicators have potential to be 

modified by treatment. For example, patients identified as being high psychosocial risk for 

persistent low back pain (LBP) related disability using the STarT Back Tool (SBT) may benefit 

from receiving psychologically informed physical therapy.
7–9

 Impairments of body function have 

also been used to classify patients with specific physical impairments (eg, range of motion, 

movement coordination, spinal segmental mobility) as modifiable targets for treatment.
10,11

  

Patient heterogeneity beyond pain-associated distress has not been widely considered. 

Yadollahpour and colleagues
12

 recently highlighted this issue in an analysis that considered 

subgroup composition based on intake psychological, disability, pain, and physical impairment 

measures. That study compared the empirically derived groups with SBT classification 

(primarily psychosocial risk), finding that the empirically derived clusters clearly differentiated 

between SBT low and high-risk groups. However, less agreement was observed with the SBT 

medium risk profile because of differences in physical impairment measures. These findings 

support the notion that patient heterogeneity extends past pain associated distress indicating need 

for LBP subgrouping that considers psychosocial and physical impairment measures.
13
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Therefore, the purpose of this analysis was to determine if an empirically derived subgrouping 

approach based on an established physical impairment measure adds to predicting LBP clinical 

outcomes when combined with the STarT Back Tool (SBT). Physical impairment was selected 

because it is a modifiable factor, and addressing physical impairment is an established part of 

physical therapy practice.
10,11

 The SBT was selected as the reference prognostic tool for this 

analysis because it has well established prognostic capabilities,
14–18

 and we wanted to determine 

if adding physical impairment measures had the potential to improve prediction for this already 

accurate risk stratification tool. 

[H1] METHODS 

This was a secondary analysis of an observational, cohort study involving patients receiving 

physical therapy for LBP.
15

  

[H2] Participants 

Consecutive patients seeking treatment for LBP at six participating community-based outpatient 

physical therapy clinics in Jacksonville, Florida as part of a single health system were screened 

for study eligibility by a physical therapist. Potential study participants met both of the following 

criteria before being enrolled into this study: 1) adults between the ages of 18 and 65 years 

seeking physical therapy for LBP (defined as having symptoms at T12 or lower, including 

radiating pain into the buttocks and lower extremity) and 2) the ability to read and speak the 

English language. These broad inclusion criteria were to allow for a cohort that was applicable to 

clinical practice. Potential study participants were ineligible to participate in this study if any of 

the following criteria were met: 1) the presence of systemic involvement related to metastatic or 

visceral disease; 2) recent spinal fracture; 3) osteoporosis; or 4) pregnancy. Physical therapists 
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provided all patients that met study eligibility criteria with a brief explanation of the study and a 

study advertisement with primary investigator contact information. Clinicians emphasized to 

patients that participating in this study would not dictate the treatment they received for their 

LBP and if they elected not to participate they would receive the same treatment. Informed 

consent was obtained in compliance with the University of Florida Institutional Review Board.  

[H2] Demographic Measures 

Study participants completed a standardized self-report questionnaire consisting of items related 

to age, sex, race, ethnicity, education, household income, marital and employment status. 

Information involving LBP clinical characteristics (ie, prior surgery, symptom duration, 

symptom onset, symptom location, work-related LBP) was also obtained. 

[H2] Clinical Measures 

[H3]STarT Back Tool (SBT). The SBT is a 9-item screening measure used to identify subgroups 

of patients with LBP based on the presence of modifiable prognostic factors which may be useful 

in matching patients with targeted interventions.
14

 SBT overall scores (ranging from 0 to 9) and 

SBT psychosocial subscale scores (ranging from 0 to 5) are determined by summing all positive 

responses. The SBT then categorizes patients as ‘high-risk’ (psychosocial subscale scores ≥4) in 

which high levels of psychosocial prognostic factors are present with or without physical factors 

present, ‘medium-risk’ (overall score >3; psychosocial subscale score <4) in which physical and 

psychosocial factors are present, but not a high level of psychosocial factors, or ‘low-risk’ 

(overall score 0-3) in which few prognostic factors are present.  
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[H3]Physical Impairment Index (PII). Several physical examination tests (ie, active lumbar 

flexion, extension, lateral bending, passive straight-leg-raise, active bilateral straight-leg-raise, 

active sit-up, and spinal tenderness) were administered to quantify impairment due to LBP as 

components of the Physical Impairment Index (PII).
19

 The PII has been validated in previous 

studies investigating clinical outcomes.
20,21

 Active lumbar flexion, extension, lateral bending, 

passive straight-leg-raise measures were reported in degrees of range of motion obtained using a 

handheld inclinometer.
21

 For the purpose of this study, we only included PII tests (ie, active 

lumbar flexion, extension, lateral bending, and passive straight-leg-raise range of motion) that 

had consistent numerical scaling. Other PII tests (ie, active bilateral straight-leg-raise, active sit-

up, and spinal tenderness) were not included in our cluster analysis because they were measured 

using a binary scale (ie, positive or negative).  

[H2] Outcome Measures 

Outcome measures were administered at intake and four weeks later and described in more detail 

below.  

[H3]Numerical Pain Rating Scale (NPRS). Pain intensity was rated using a NPRS, ranging from 

“0” (no pain) to “10” (worst pain imaginable). Participants were asked to rate their current pain 

intensity, as well as their best and worst level of pain intensity over the past 24 hours. These 

three pain ratings were averaged and used as the NPRS variable in this study.
22

 The NPRS has 

been found to have sound psychometric properties
22–24

 with a minimal clinically important 

difference reported to be 2 points.
25

 

[H3]Oswestry Disability Index (ODI). LBP-related disability was assessed with the ODI, which 

has 10 items that assesses how LBP affects common daily activities.
20,26

 The ODI has a range of 
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0% “no disability due to LBP” to 100% “completely disabled due to LBP”, with higher scores 

indicating higher disability from LBP. The ODI has been found to have sound psychometric 

properties
20,27

 with a minimal clinically important difference reported to be 10 percentage 

points.
28

 

[H2] Data Analysis 

All statistical analyses were performed using SPSS version 25.0 (SPSS Inc., Chicago, Illinois). 

Descriptive statistics were used to provide a summary of continuous (with means and standard 

deviations) and categorical (frequency counts and percentages) data. The data analysis was 

comprised of different approaches for 1) subgroup derivation, 2) cross-sectional subgroup 

validation, and 3) longitudinal subgroup validation. These are described in more detail below.   

[H3] Subgroup Derivation  

Kent and colleagues
29

 describe ‘supervised’ (using longitudinal clinical outcome data) and 

‘unsupervised’ (using cross-sectional baseline data) analytical approaches for identifying patient 

subgroups. For subgroup derivation we used cluster analysis as an ‘unsupervised’ approach to 

identify  latent relationships that would allow for subgroups to be derived for later validation.
30,31

 

PII measures (ie, active lumbar flexion, extension, lateral bending, and passive straight-leg-raise 

range of motion) were used in the cluster analysis without considering demographic 

characteristics, SBT risk, or intake outcome measure scores. PII measures were transformed to z-

scores to provide standardized scores for subsequent cluster analysis techniques as this approach 

would allow for generation of subgroups based on physical impairment measures only. 

Specifically, an exploratory hierarchical agglomerative cluster analysis was performed using 

Ward’s clustering method with squared Euclidean distances as the similarity measure to create 
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homogeneous cluster profiles among physical impairment based measures. Agglomeration 

coefficient schedules were inspected and plotted using a dendrogram (supplementary figure) to 

establish the most optimal cluster solution based on the percent change between adjacent cluster 

solutions and scree plot characteristics (ie, elbow criterion).
32–34

  

[H3] Cross-Sectional Subgroup Validity 

The empirically derived subgroups were further evaluated by investigating differences in intake 

PII measures. Discriminant function analysis (DFA) with cross-validated jackknifed 

classification was performed to determine how PII measures differentiated impairment based 

risk.
35

 Eigenvalues from the DFA were reported as a measure of variance, indicating the degree 

of discrimination between impairment based risk subgroups with higher eigenvalues indicating 

greater discrimination. Canonical correlations were reported as a measure of the relationship 

between individual PII measures and the discriminant function. Jackknifed (ie, one case deleted 

at a time) classification evaluated accuracy in impairment based risk subgrouping.
35

  

Then, independent samples t-testing and chi-square analysis were used to identify cluster group 

differences in intake demographic and clinical measure scores. Finally, relationships between 

cluster solutions and SBT risk status were assessed with Spearman’s rho correlation coefficients. 

[H3] Longitudinal Subgroup Validity  

Whether the newly derived physical impairment risk subgroups added to the SBT risk 

stratification was investigated by group by time interactions for 4-week clinical outcomes for 

pain intensity (NPRS ratings) and disability (ODI scores). These interactions were assessed with 

separate 3-way, mixed-model ANOVA with time (baseline and 4 weeks) as the within-subject 

factor and impairment based cluster and SBT risk group as the between-subject factors for the 2 
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clinical outcomes. Interactions (P ≤ .05) involving the physical impairment subgroups were 

decomposed using Bonferroni post hoc procedures. 

[H2] Role of the Funding Source 

The funders played no role in the design, conduct, or reporting of this study. 

[H1] RESULTS 

During the study period, 275 patients were screened for eligibility criteria. Of these patients, 123 

were excluded from study participation, with the most common reason being that they were 

greater than 65 years of age (n = 47). The remaining 152 patients provided informed consent and 

were enrolled into the study. Of these patients, 6 were not able to complete the study due to 

personal reasons and 2 were not included in this analysis because PII data was missing. 

Therefore, baseline data was obtained from 144 patients and 4-week follow-up data was obtained 

from 128 patients (88.9%). Descriptive characteristics of the study sample (n = 144) and the 

resultant impairment based cluster solutions are provided in Table 1. 

[H2] Subgroup Derivation - Cluster Analysis 

Inspection of all predictor z-scores indicated that absolute values did not exceed 4.0 (range = -3.3 

to 3.6), suggesting the data did not contain extreme outliers.
35

 Inspection of agglomeration 

coefficients from a hierarchical agglomerative cluster analysis of physical impairment based 

measures indicated the percentage of change was moderate (31.2%) between the 2- and 1-cluster 

solutions with relatively smaller changes in preceding steps (ie, 21.2% between the 3- and 2-

cluster solutions), suggesting a 2-cluster solution is appropriate, which was further supported by 

visual inspection of plotted agglomeration coefficients.
34,35

  Cluster 1 was labeled ‘Low Risk 

Impairment’ (n = 119, 81.5%) characterized by individuals who were associated with greater 
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lumbar mobility (ie, higher values for lumbar flexion, extension, lumbar side bending, and 

passive SLR) compared to cluster 2. Cluster 2 was labeled ‘High Risk Impairment’ (n = 25, 

17.1%) characterized by individuals who were associated with less lumbar mobility compared to 

cluster 1 (Figure 1). 

[H2] Subgroup Derivation - Discriminant Function Analysis 

DFA run with simultaneous entry method with four impairment-based predictors (lumbar 

flexion: Wilks’ λ = .70, P < .001; lumbar extension: Wilks’ λ = .89, P < .001; lumbar lateral 

flexion: Wilks’ λ = .79, P < .001; passive SLR: Wilks’ λ = .67, P < .001) suggested that each 

predictor contributed uniquely to impairment-based risk and resulted in one discriminant 

function which is indicative of two impairment-based risk subgroups. The overall test of the 

discriminant function was significant (χ
2
 (4) = 107.6, Wilks’ λ = .46, P < .001) indicating that 

predictor values were able to discriminate amongst the two impairment-based risk subgroups and 

accounted for 53.6% (canonical R = .73) of the total relationship between predictors and 

impairment-based risk subgroups. Correlations between PII measures and generated discriminant 

functions are provided in Table 2. Passive SLR ROM demonstrated the strongest positive 

relationship with the discriminant function, whereas lumbar flexion and lateral flexion 

demonstrated moderate positive relationships and lumbar extension demonstrated the weakest 

positive relationship. The overall accuracy for classification using the discriminant function was 

95.1% using the cross-validated jackknifing technique. The percentages classified correctly were 

99.2% for low risk impairment and 76.0% for high-risk impairment.  

[H2] Cross-Sectional Subgroup Validation 

There were no cluster differences for age, gender, race, current employment, or work-related 

LBP. As expected, differences in physical impairment based measures between clusters were 
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detected (Tab.1). Additionally, the ‘High Risk Impairment’ subgroup had proportionally more 

individuals who had prior surgery (40.0%) compared to the ‘Low Risk Impairment’ subgroup 

(12.7%) (χ
2
 (1) = 10.65, P = .001). There were no differences between clusters for symptom 

duration, onset, or location. However, the ‘High Risk Impairment’ subgroup was associated with 

greater NPRS (1.5 points, 95% CI = 0.6–2.3) and greater ODI (15.3 points, 95% CI = 8.5–22.1) 

scores at intake compared to the ‘Low Risk Impairment’ subgroup (P < .001). The ‘High Risk 

Impairment’ subgroup also had proportionally more individuals who had positive results for 

active bilateral SLR, sit-up, and spinal tenderness testing compared to the ‘Low Risk 

Impairment’ subgroup (P < .001). The distribution of cluster profiles by SBT risk categorization 

is provided in Figure 2A and 2B. A weak, positive relationship was observed between cluster 

profiles and SBT risk categorization at intake (rs = .170, P = .043).  

[H2] Longitudinal Subgroup Validation 

There was no 3-way interaction effect observed for NPRS scores at 4 weeks (F2,119 = 2.91, P = 

.058, partial eta-squared = .047), however a 2-way SBT group-by-time interaction effect was 

observed (F2,119 = 3.61, P = .030, partial eta-squared = .057). There was a 3-way cluster profile-

by-SBT group-by-time interaction effect observed for ODI scores at 4 weeks (F2,119 = 3.47, P = 

.034, partial eta-squared = .055). Specifically, changes in ODI scores after 4 weeks varied across 

SBT risk categories and this variation differed across impairment clusters (Fig. 3A and 3B).  

 

[H1] DISCUSSION 

The purpose of this analysis was to determine if an empirically derived subgrouping approach 

based on a validated physical impairment measure has potential to add to the prediction of LBP 
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clinical outcomes when combined with the SBT.  Our results suggested that two impairment-

based subgroups (‘Low Risk Impairment’ and ‘High Risk Impairment’) emerged with different 

profiles in lumbar region range of motion (Fig. 1). Additionally, baseline differences were 

observed between High and Low Risk Impairment groups for measures not included in the 

cluster analysis including the NPRS, ODI, bilateral straight leg raise, active sit up, and spinal 

tenderness. DFA indicated passive SLR, lumbar flexion and lateral flexion range of motion were 

the strongest contributors to subgroup membership. Collectively these findings support the 

discriminant validity of impairment-based subgroups. Additional support for impairment-based 

subgroups came from low redundancy with the SBT risk categories (ie, divergent validity) and 

an interaction with SBT risk categories for 4 week disability outcomes. These findings provide 

proof of concept for incorporating impairment-based subgroups with SBT risk status to improve 

predictive capabilities for LBP disability outcomes, however further testing in larger samples is 

needed. 

Current subgrouping paradigms have been suggested to improve efficiency and effectiveness of 

allocating treatment for LBP management.
36–38

 In general, current subgrouping approaches can 

be described as those that aim to: 1) risk stratify treatment based largely on psychosocial 

prognostic factors
14,39,40

 and 2) allocate treatment based on response to a specific intervention 

approach.
41–45

 Our preliminary suggestions for incorporating impairment-based measures into an 

established risk stratification tool is consistent with previous recommendations for the need to 

consider modified screening strategies in secondary care settings and recent “state of art” 

suggestions.
46–49

 Specifically, Hodges,
49

 recently proposed a “hybrid approach to treatment 

tailoring for low back pain” consisting of initial risk stratification (prognosis based approach) 

and the need for additional clinical information that enhances treatment selection.  
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The current analysis was not powered to detect the clinical impact of impairment based 

subgroups when combined with SBT risk status specifically by interpreting ANOVA based 

statistical interaction effects. However, we speculate that identifying impairment-based risk 

eventually has the potential to inform clinical decision making for the SBT medium risk 

category. Based on our findings, over half (52.0%) of the high-risk impairment subgroup were 

categorized as SBT medium risk (ie, greatest SBT risk contributor). Knowing the impairment 

risk subgroup status for patients who are SBT medium risk has potential to provide more 

treatment directed information compared to the SBT risk alone. For example, there may be some 

patients classified as SBT medium risk that could benefit from an intensive impairment focused 

approach given the concomitant classification as high-risk impairment.   

There are also implications of knowing the physical impairment risk status for SBT low and 

high-risk groups. Based on our findings, 16.0% of the high-risk impairment subgroup were 

categorized as SBT low risk which may provide important clinical decision making information. 

For example, overall patients who are SBT low risk are commonly associated with a favorable 

prognosis,
14,15

 however we speculate that those also identified as high risk based on physical 

impairment may actually have a less favorable trajectory. In addition, 23.5% of the low risk 

impairment subgroup were categorized as SBT high risk and subsequently could be associated 

with a more favorable trajectory compared to other patients who are SBT high risk.  

Approximately 40% of participants had a low/high risk mismatch between physical impairment 

and SBT classification, which is not an unexpected finding given differences in the measures 

used to derive the subgroups. Given the current state of evidence, SBT classification should be 

considered a “primary” risk determinant. This analysis suggests there is an opportunity to refine 
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SBT classification by considering physical impairment status but additional research is 

necessary.   

Although beyond the scope of this study, we can speculate about how matched treatment could 

be provided based on our findings (Tab. 3). As previously recommended,
9,50

 APTA Clinical 

Practice Guidelines for LBP
10

 provide a resource to guide traditional impairment based treatment 

decision making, however do not provide clear recommendations for distinguishing treatment 

approaches across SBT risk groups. Therefore, from a treatment perspective, there is potential 

for impairment based subgrouping to further inform SBT risk categories, especially for those at 

medium risk. For example, patients who are SBT medium risk and also categorized as high risk 

impairment may require increased dosage and intensity of guideline recommended impairment 

based interventions that are tailored to match a potentially greater quantity and magnitude of 

physical impairment findings.  

There is also potential for impairment based subgrouping to inform SBT low and high risk 

treatment planning. Although we found most patients who were SBT low risk were also 

categorized as low risk impairment, a small percentage have potential to match a high risk 

impairment profile and may require a short trial of individualized guideline recommended 

impairment focused intervention prior to transitioning to emphasis on self-management. 

Impairment risk subgroups also could inform the delivery of psychologically informed physical 

therapist interventions for patients who are SBT high risk. For example, high risk on the SBT 

and high risk based on physical impairment findings may require intensive impairment based 

treatment approach as part of their treatment encounter (Tab. 3). Alternatively, the approximately 

78% of patients who are SBT high risk who were identified as low risk based on physical 

impairment findings may benefit from a treatment approach with an exclusive emphasis on 
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psychological based interventions and may be more amenable to telehealth approaches as there is 

a lower need for clinic based impairment focused treatment.
51

 

The approach described in this manuscript is consistent with the initial stage of a novel statistical 

clustering approach involving two sequential stages described by Kent and colleagues.
29

  In that 

approach, the first stage involves clustering from within each single domain (eg, physical 

impairment) and followed by subsequent clustering using patterns from other domains (eg, pain, 

activity limitation, psychological) to identify subgroups across multiple health domains. 

Therefore, future studies will further inform this line of research by including similar sequential 

stage clustering methodology. Additional future research is needed to determine the impact of 

combining SBT risk and physical impairment information into complex treatment decision-

making and if this approach is associated with improved clinical outcomes. This line of research 

is consistent with previous recommendations for a more flexible, multidimensional, and 

clinically reasoned approach to profiling patient complexity to inform individualized, patient-

centered care.
13

 By incorporating two modifiable risk factors a combined impairment and 

psychosocial subgroup has the potential to help further guide treatment selection and is aligned 

with an integrated PIP approach. Keefe and colleagues
52

 have previously acknowledged the 

importance of considering physical impairment as a component to an integrated PIP approach 

and further validation of subgroups comprised of impairment based and psychosocial risk status 

would be informative to future clinical practice.  

[H2] Limitations 

There were several limitations to this study. A primary limitation of this study is that we only 

had 4 week outcome data. Second, response bias may have influenced our findings as several 

self-report measures (ie, SBT, NPRS, and ODI) were administered in this study. Third, 
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determining the optimal number of cluster solutions from cluster analysis was based on 

‘unsupervised’, data-driven statistical analyses.
29,53

 A potential disadvantage to this approach is 

that our impairment-based subgroups may not replicate in other samples. Therefore, future 

studies to validate our prognostic findings and test subgroups against different treatment 

approaches are recommended. Fourth, we acknowledge this current study was not adequately 

powered to assess for two or three-way statistical interaction effects, therefore future studies 

consisting of a larger sample size are required to detect the clinical impact of empirical 

impairment based clusters when combined with SBT risk groups.  

Other limitations to consider when interpreting these study findings include that physical 

impairment clusters were generated using only range-of-motion measures that do not account for 

other clinically relevant impairment based tests and measures (eg, passive joint mobility, 

neurological signs). We observed proportionally more individuals with positive results for active 

bilateral SLR, sit-up, and spinal tenderness testing (variables not included in cluster analysis) in 

the high risk impairment subgroup. Not including these and other impairment based variables in 

the cluster analysis may provide a potential explanation for the large difference in correct 

classification rates between high (76.0%) and low (99.2%) risk impairment subgroups. 

Accordingly, the measures we used were only able to account for 53.6% of the total variance for 

differentiating high and low risk physical impairment group membership. This limited variance 

could limit the ability to generate reliable classification approaches in external samples.  

[H1] CONCLUSIONS 

Empirically derived physical impairment subgroups differed on key clinical measures and were 

not redundant with psychosocial risk category. Furthermore, these subgroups have the potential 
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to improve prediction of 4-week LBP disability outcomes, but not for pain intensity outcomes. 

These findings provide direction for how physical impairment and psychosocial risk can be 

incorporated into LBP assessment. 
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Table 1. Descriptive Characteristics of Study Sample
ab

 

Variable Total sample 

N = 144 
Low Risk 

Impairment n = 

119 

High Risk 

Impairment n = 

25 

P  

Demographic     

  Age (y) 41.3 (13.5) 40.6 (13.6) 45.7 (11.9) .066 

  Sex (n, % female) 89 (61.8%) 72 (60.5%) 17 (68.0%) .483 

  Race    .115 

  Caucasian/White 108 (75.0%) 90 (75.6%) 18 (72.0%)  

  African American/Black 25 (17.4%) 18 (15.1%) 7 (28.0%)  

  Other 11 (7.6%) 11 (9.2%) 0 (0.0%)  

  Current employment    .871 

   Employed 94 (66.7%) 78 (66.7%) 16 (66.7%)  

   Unemployed 38 (27.0) 31 (26.5%) 7 (29.2%)  

   Retired 9 (6.4%) 8 (6.8%) 1 (4.2%)  

  Work-related LBP (n, % yes) 19 (13.2%) 15 (12.6%) 4 (16.0%) .648 

Clinical     

  Prior surgery (n, % yes) 25 (17.5%) 15 (12.7%) 10 (40.0%) <.001 

  Symptom duration    .194 

   Acute or subacute 73 (51.8%) 63 (54.3%) 10 (40.0%)  

   Chronic 68 (48.2%) 53 (45.7%) 15 (60.0%)  

  Symptom onset    .126 

   Gradual 70 (49.3%) 62 (52.5%) 8 (33.3%)  

   Sudden  52 (36.6%) 42 (35.6%) 10 (41.7%)  

   Traumatic 20 (14.1%) 14 (11.9%) 6 (25.0%)  

  Symptom location    .579 

   LBP only 49 (34.0%) 42 (35.3%) 7 (28.0%)  

   LBP and buttock or 

thigh 

70 (48.6%) 58 (48.7%) 12 (48.0%)  

   LBP and lower leg 25 (17.4%) 19 (16.0%) 6 (24.0%)  

  SBT Risk    .059 

   Low 53 (36.8%) 49 (41.2%) 4 (16.0%)  

   Medium 55 (38.2%) 42 (35.3%) 13 (52.0%)  

   High 36 (25.0%) 28 (23.5%) 8 (32.0%)  

Impairment Based Measures     

  Lumbar flexion ROM
c
 74.4 (27.4) 81.5 (22.7) 41.5 (18.6) <.001 

  Lumbar extension ROM
 c
 20.6 (10.8) 22.4 (9.9) 13.1 (5.7) <.001 

  Lumbar lateral flexion ROM
 c
 20.7 (7.3) 22.2 (6.8) 13.4 (4.2) <.001 

  Passive SLR ROM
 c
 60.7 (14.1) 64.4 (11.8) 43.1 (10.6) <.001 

  Active bilateral SLR (n, % 

positive)
d
 

51 (35.4%) 31 (26.1%) 20 (80.0%) <.001 

  Active sit-up (n, % positive)
 d

 61 (42.4%) 43 (36.1%) 18 (72.0%) <.001 

  Spinal tenderness (n, % positive)
e
 103 (71.5%) 78 (65.5%) 25 (100%) <.001 

Outcome Measures (Intake)     
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  NPRS (potential range: 0-10) 5.4 (2.0) 5.1 (2.0) 6.6 (1.4) <.001 

  ODI (potential range: 0%-100%) 32.5 (16.7) 29.7 (15.8) 45.0 (14.7) <.001 
aLBP = low back pain; NPRS = Numerical Pain Rating Scale; ODI = Oswestry Disability Index; ROM = range of motion 

measured in degrees; SBT = STarT Back Tool; SLR = straight leg raise.  
bValues are mean (SD) unless otherwise indicated.  
c indicates measures included in cluster analysis, therefore between-group differences are expected.  
d Positive test for active bilateral SLR and sit-up defined as inability for patient to maintain position for 5 seconds.  
e Positive test for spinal tenderness defined as any response other than “No” when asked: “Is that painful?” during application of 

superficial and firm pressure.  

. 

 

 

 

Table 2. Coefficients of Impairment Based Measures of the Discriminant Function
a
 

Impairment Based Measures Discriminant Function 

Standardized 

Coefficients
b 

Correlation 

Coefficients
c 

Lumbar flexion ROM 0.493 0.615 

Lumbar extension ROM 0.088 0.320 

Lumbar lateral flexion ROM 0.459 0.483 

Passive SLR ROM 0.688 0.649 
a
ROM = range of motion measured in degrees, SLR = straight leg raise. 

b
Indicates standardized canonical discriminant function coefficients. 

c
Indicates pooled within-groups correlations between discriminating variables and 

standardized canonical discriminant functions. 
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Table 3. Potential SBT by Impairment Based Risk Matched Treatments.
a 

Impairment 

Risk 

SBT Risk 

Low Medium High 

Low Patient education 

encouraging resumption 

of activities, facilitate 

self-management 

strategies 

Follow guideline 

recommended, 

impairment-based 

interventions, lower 

intensity and/or shorter 

treatment episode 

Increased emphasis on 

psychological-based 

interventions, 

opportunity for remote 

care delivery via 

telehealth 

High Brief treatment episode 

(1-3 sessions) for 

development of 

individualized  

impairment-based 

activity program, 

transition to emphasis on 

self-management 

Follow guideline 

recommended, 

impairment-based 

interventions, higher 

intensity and/or longer 

treatment episode 

Equal emphasis on 

psychological and 

impairment-based 

interventions 

a
SBT = STarT Back Tool. 
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Figure 1. Empirically derived impairment based subgroups. FLX = flexion, EXT = extension, SB = 

side-bending, SLR = straight leg raise. 
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Figure 2. Figure 2A (SBT Risk by Physical Impairment Cluster Patterns) and 2B (Physical 

Impairment Cluster by SBT Risk Patterns). 
In the ‘Low Risk Impairment’ subgroup, 41.2% of 

individuals were categorized as SBT low risk compared to SBT medium and high risk (35.3% and 23.5%, 

respectively); and in the ‘High Risk Impairment’ subgroup, 32.0% of individuals were categorized as 

SBT high risk compared to SBT medium and low risk (52.0% and 16.0%, respectively)  (χ
2
 (2) = 5.66, P 

= 0.060). Two-sample proportion z-testing for individual SBT risk group by cluster profile analyses 

indicated similar proportions for SBT low (z = 0.459, P = 0.645), medium (z = -1.402, P = 0.160) and 

high (z = -0.948, P = 0.343) risk groups. ODI = Oswestry Disability Index (potential range: 0% to 

100%); SBT = STarT Back Tool. 
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Figure 3. Figure 3A (Low Risk Impairment Cluster) and 3B (High Risk Impairment Cluster). 

Results of repeated measures analysis of variance for disability scores using cluster analysis 

generated physical impairment based subgroups. Tests of simple interaction effects at each 

impairment cluster suggested the ‘Low Risk Impairment’ cluster was responsible for the 

observed three-way interaction (F2,100 = 4.34, P = .016, partial eta-squared = .080) [SBT low 

risk-by-low risk impairment cluster (F1,42 = 6.58, P = .014, partial eta-squared = .135), SBT 

medium risk-by-low risk impairment cluster (F1,34 = 29.83, P < .001, partial eta-squared = .467),  

SBT high risk-by-low risk impairment cluster (F1,24 = 14.40, P = .001, partial eta-squared = 

.375)]. Tests of simple interaction effects for the ‘High Risk Impairment’ cluster were not 

statistically significant (F2,19 = 2.16, P = .143, partial eta-squared = .185). Error bars indicate 

95% confidence intervals. ODI = Oswestry Disability Index (potential range: 0% to 100%); SBT 

= STarT Back Tool.  
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