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Objective. To develop and validate a tool that screens for back pain prognostic indicators relevant to initial decision
making in primary care.
Methods. The setting was UK primary care adults with nonspecific back pain. Constructs that were independent
prognostic indicators for persistence were identified from secondary analysis of 2 existing cohorts and published
literature. Receiver operating characteristic curve analysis identified single screening questions for relevant constructs.
Psychometric properties of the tool, including concurrent and discriminant validity, internal consistency, and repeat-
ability, were assessed within a new development sample (n � 131) and tool score cutoffs were established to enable
allocation to 3 subgroups (low, medium, and high risk). Predictive and external validity were evaluated within an
independent external sample (n � 500).
Results. The tool included 9 items: referred leg pain, comorbid pain, disability (2 items), bothersomeness, catastro-
phizing, fear, anxiety, and depression. The latter 5 items were identified as a psychosocial subscale. The tool demon-
strated good reliability and validity and was acceptable to patients and clinicians. Patients scoring 0–3 were classified as
low risk, and those scoring 4 or 5 on a psychosocial subscale were classified as high risk. The remainder were classified
as medium risk.
Conclusion. We validated a brief screening tool, which is a promising instrument for identifying subgroups of patients to
guide the provision of early secondary prevention in primary care. Further work will establish whether allocation to
treatment subgroups using the tool, linked with targeting treatment appropriately, improves patient outcomes.

INTRODUCTION

Back pain is a common reason for visits to general practi-
tioners (GPs), with 6–9% of all adults (approximately one-
quarter of those with back pain) consulting GPs annually
in the UK (1). Although many back pain episodes are short
lived, approximately 60–80% of patients consulting pri-

mary care still report problems a year later (2). It is esti-
mated that 85% of these patients have nonspecific back
pain with no known specific underlying disease or pathol-
ogy (3). Diagnosing back pain is problematic in primary
care and the lack of a clear biomedical model to legitimize
the pain and direct initial treatment decisions can be frus-
trating for patients and practitioners alike (4,5).

Evidence-based guidelines for nonspecific back pain in
primary care highlight the need to consider prognostic
clinical indicators (6,7). Although there is evidence that
clinicians’ global prognostic assessment compares favor-
ably with that of formal epidemiologic prediction rules (8),
identifying specific indicators as appropriate targets of
primary care treatment has proved problematic (9). Even
when clinicians identify negative prognostic indicators,
they appear not to tailor patient management accordingly
(10). Investigators increasingly advocate effective early
secondary prevention of back pain in primary care through
better identification of prognostic indicators that require
treatment (11–15).

Several back pain classification tools have been devel-
oped to aid clinical decision making (16–22), and such
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tools may improve clinical outcomes when subgrouping
guides treatment (23,24). However, the conceptual pur-
poses of these tools vary substantially, with most designed
for the occupational setting or to identify patients for spe-
cific treatment modalities. There is a need for an ade-
quately validated screening tool that allocates and priori-
tizes treatment for the entire spectrum of patients with
nonspecific low back pain presenting to primary care, on
the basis of treatment modifiable indicators, that is brief
and quick to score.

Our overall aim was to develop and validate a back pain
screening tool to identify prognostic indicators relevant to
GP decision making concerning initial treatment options
in primary care. The key objectives of the screening tool
were 1) to identify patients with potentially treatment-
modifiable prognostic indicators using a brief, user-
friendly tool, and 2) to validate cutoff scores for subgroup-
ing patients into 1 of 3 a priori initial treatment options in
primary care: low risk subgroup (patients with few nega-
tive prognostic indicators, suitable for primary care man-
agement according to best-practice guidelines [e.g., anal-
gesia, advice, and education]), medium risk subgroup
(patients with an unfavorable prognosis with high levels of
physical prognostic indicators, appropriate for physiother-
apy), and high risk subgroup (patients with a very unfa-
vorable prognosis, with consistently high levels across
psychosocial prognostic indicators, appropriate for man-
agement by a combination of physical and cognitive–be-
havioral approaches).

PATIENTS AND METHODS

There were 3 consecutive steps to the development and
validation of the Subgroups for Targeted Treatment
(STarT) Back Screening Tool: 1) selecting items for inclu-
sion, 2) validating psychometric properties and identify-
ing cutoff scores for subgroup allocation, and 3) indepen-
dent external validation. The study received ethical
approval from the North Staffordshire Local Research Eth-
ics Committee.

Step 1: selecting items for inclusion in the tool. First,
we identified prognostic constructs that could potentially
be modified by treatment options in primary care and were
therefore relevant to clinical decision making. A second-
ary analysis of 1 randomized controlled trial (n � 402) (25)
and 1 prospective cohort study (n � 739) (1) was under-
taken. Poor outcome was defined as 12-month followup
Roland-Morris Disability Questionnaire (RMDQ) (26)
scores above the median, as this was available in both data
sets and standard cutoffs were not available in the litera-
ture. Crude odds ratios with 95% confidence intervals
(95% CIs) were calculated for associations between prog-
nostic indicators and outcome. Statistically significant in-
dicators (P � 0.05) were entered into forward stepwise
binary logistic regression analysis to identify independent
predictors of outcome within each data set. In parallel, the
primary care back pain literature was reviewed to further
identify relevant prognostic indicators. Articles were iden-
tified through a search of PubMed, databases held by au-

thors, and scrutiny of reference lists, using the search
terms “low back pain” and “primary care,” with either
“randomized controlled trials” or “prospective cohort
studies.” This was not intended to be a systematic review
of the literature, but we aimed to identify important indi-
cators for low back pain prognosis in primary care. A list of
constructs for potential inclusion was compiled from both
sources. A clinical advisory panel (consisting of primary
care back pain specialists including GPs, physiotherapists,
osteopaths, pain management nurses, patient representa-
tives, and the study team) reviewed the list of identified
constructs and excluded those considered nonmodifiable
or rare, or that were likely to be inappropriate targets for
primary care intervention. The final constructs were cho-
sen through discussion within the expert panel using in-
formation on strength, independence, consistency of asso-
ciation with outcome, and perceived face validity.

Because brevity was important, individual tool items
were selected from multi-item instrument constructs iden-
tified above. Where validated single questions existed,
these were used. For constructs without validated single
screening questions, we used receiver operating character-
istic (ROC) curves (27) to select optimal individual screen-
ing items to identify patients above the median on the full
questionnaires (28). The best-performing individual items
were discussed and agreed on by the panel, and the item
response categories and wording were standardized. The
panel categorized items as broadly physical or psychoso-
cial to facilitate linkage with the appropriate a priori treat-
ment subgroups, and to identify items for a psychosocial
subscale. Patient acceptability of the screening tool was
assessed using feedback from a small sample (n � 12) of
patients with back pain consulting primary care.

Step 2A: psychometric testing in the development sam-
ple. Psychometric properties of the screening tool, includ-
ing discriminant validity, internal consistency, and repeat-
ability, were assessed within a new primary care cohort of
patients with nonspecific low back pain: the development
sample.

Participants were recruited from 8 general practices in
North Staffordshire and Central Cheshire, UK. All consec-
utive patients with low back pain ages 18–59 years were
invited to participate. Patients were identified using pre-
viously tested computerized electronic Read codes for
nonspecific low back pain (1) entered by GPs at the time of
consultation. Participants were recruited over a 5-week
period (January to February 2005). Sample size calcula-
tions were based on previous survey responses in similar
patient populations; an initial sample of 200 patients was
identified to provide sufficient responses to evaluate va-
lidity based on a minimal 10:1 ratio of patients to variables
(29).

Measurement and data collection was performed by
postal self-completion questionnaire, including age, sex,
employment status, and days off work due to back pain.
Disability was measured using the RMDQ; pain intensity
was measured using the mean of three 11-point numerical
rating scales for least, average (over previous 2 weeks), and
current pain (30); back pain bothersomeness (over previ-
ous 2 weeks) was measured using a single question (1);
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duration of back pain was measured through recall of the
last pain-free month (31); and fear avoidance beliefs were
measured using the Tampa Scale of Kinesiophobia (TSK)
(32). Questionnaires also included the Pain Catastrophiz-
ing Scale (PCS) (33) and a validated primary care depres-
sion screen: the Patient Health Questionnaire-2 (PHQ-2)
(34). The STarT Back Screening Tool was included with
selected items together on a single page.

Data were analyzed to assess discriminant validity using
ROC curves, and by calculating the area under the curve
(AUC) for overall screening tool scores and a subscale
using psychosocial items alone, against baseline cases on
relevant reference standards. Reference standard multi-
item instruments were dichotomized to provide cases and
noncases using established cutoffs from the primary care
literature where available. The definitions for reference
standard cases were very or extremely bothersome back
pain (1), catastrophizing (PCS score �20) (35), fear (TSK
score �41) (36), and depression (PHQ-2 score �2) (34). A
median score was used to dichotomize back pain disability
(using the reference standard RMDQ score �7) because an
established cutoff was not available from the primary care
literature (28). A single item identified patients reporting
referred leg pain from their back. AUCs for overall and
subscale tool scores were compared to determine which
method best discriminated patients according to physical
and psychosocial reference standards. Strength of discrim-
ination was classified according to the following descrip-
tors: 0.7–�0.8 indicated acceptable discrimination, 0.8–
�0.9 indicated excellent discrimination, and �0.9 indi-
cated outstanding discrimination (37).

A confirmatory factor analysis was performed to deter-
mine whether psychosocial screening items provided a
homogeneous single subscale. Item redundancy and inter-
nal consistency were investigated by calculating Cron-
bach’s alpha (38,39) for overall and subscale screening tool
scores (poor internal consistency was defined as � � 0.70,
and item redundancy was defined as � � 0.90) (38). Floor
and ceiling effects were considered present if �15% of
respondents achieved the highest/lowest possible tool
scores (29). To investigate repeatability (test–retest reli-
ability) of the tool scores, we calculated the quadratic
weighted Cohen’s kappa (38) for overall scores and sub-
scale scores. The test–retest sample comprised baseline
responders who completed a second questionnaire sent 2
weeks after initial baseline questionnaires. Repeatability
was further assessed in a subset of these patients who
reported stable back pain symptoms during this 2-week
period.

Step 2B: screening tool cutoff scores for treatment sub-
groups. A primary objective of the tool was to provide
subgroups to facilitate treatment decision making. We
therefore used development sample data to derive scoring
rules to allocate patients to 3 a priori treatment subgroups
(as defined in the Introduction). First, we defined the low
risk subgroup as patients who were not cases based on
relevant prognostic reference standards (described in step
1). To identify cutoffs, we used the ROC curves produced
in step 2A for overall tool scores against reference standard
cases together with average sensitivity and specificity val-

ues for each potential cutoff score. The cutoff for low risk
was selected using the screening tool overall score that
most consistently discriminated between reference stan-
dard cases and noncases (i.e., with the highest average
sensitivity and specificity).

To determine the optimal method to discriminate be-
tween the remaining patients eligible for the medium and
high risk subgroups, we used ROC curves of the screening
tool psychosocial subscale scores against psychosocial ref-
erence standards, including a combined variable to esti-
mate pain-related psychosocial distress. Psychosocial dis-
tress was defined as patients who were consistently cases
across psychosocial reference standards (defined in step
2A for bothersomeness, fear, catastrophizing, and depres-
sion). Average sensitivity and specificity were calculated
for each potential cutoff score. Particular consideration
was given to a cutoff with high specificity, as physiother-
apy has been shown to be effective in modifying moderate
levels of distress (40,41), whereas cognitive–behavioral
approaches may be detrimental in nondistressed patients
(42). The 3 treatment subgroup proportions were then
calculated.

Step 3: external and predictive validity testing using an
independent external sample. An independent external
sample was used to investigate the external validity of
subgroup cutoffs and to test the predictive validity of the
screening tool.

Participants were recruited using recruitment methods
identical to those used in the development sample, al-
though 8 different general practices in North Staffordshire
and Central Cheshire, UK, were used. Sample participants
were those recruited to an ongoing prospective cohort
study of primary care patients with low back pain (43).
The first 500 participants who returned baseline and
6-month followup questionnaires were included (Septem-
ber 2004 to January 2006). The external and development
samples were both assembled as part of an ongoing pro-
gram on low back pain in primary care, and the use of the
independent sample to externally validate the screening
tool was an a priori stated objective of the study.

Measurement and data collection procedures were iden-
tical to those of the development sample except that PCS
and PHQ-2 questionnaires were replaced with the Coping
Strategies Questionnaire catastrophizing subscale (44) and
the Hospital Anxiety and Depression Scale (45). The use of
these alternative reference standards ensured that results
were generalizable to these prognostic constructs, rather
than to specific measurement instruments. The indepen-
dent external sample questionnaire was designed before
the final completion of step 1 of the screening tool devel-
opment, when prognostic constructs had been selected but
not their individual items. This meant that some of the tool
items were included within the context of their multi-item
instruments, rather than in their final 1-page format. How-
ever, tool scores for the external sample were calculated
using the single items identified in step 1 to maintain
consistency; where necessary, category responses were
collapsed to reflect the categories used in the screening
tool.
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Statistical analysis. Tool scores were computed for
baseline data and the subgroup proportions in the external
sample were calculated. To investigate external validity,
we tested whether the tool’s discriminative abilities, ac-
cording to reference standards, decreased in the indepen-
dent external sample compared with the development
sample. This was performed by calculating AUCs for the
tool overall scores against baseline reference standard
cases for disability (RMDQ �7) and the tool psychosocial
subscales scores against bothersomeness (very or ex-
tremely) and fear (TSK �41).

The predictive validity of the tool subgroup cutoffs
(low/medium and medium/high) was assessed by calcu-
lating sensitivity, specificity, and negative and positive
likelihood ratios (LRs) for subgroup cutoffs against
6-month disability outcome (RMDQ �7). The LRs discrim-
inate between good/poor outcome according to the refer-
ence standards: higher positive LRs and lower negative
LRs indicate better discrimination. In addition, to evaluate
the influence of nonmodifiable patient characteristics on
the tool’s predictive abilities, calculations were presented
for subgroups of patients stratified by age (dichotomized at
the median), sex, and episode duration (5 categories from
�1 month to �3 years).

RESULTS

Step 1: items selected for inclusion in the tool. The
independent prognostic indicators identified from the sec-
ondary analyses of the randomized controlled trial (n �
402) and prospective cohort study (n � 739) are presented

in Table 1. A final list of 9 screening items covering 8
constructs was selected for inclusion in the tool: bother-
someness, referred leg pain, comorbid pain, disability,
catastrophizing, fear, anxiety, and depression. Two dis-
ability (RMDQ) items were selected to achieve an appro-
priate level of sensitivity. Items that were identified in the
search or analysis but were excluded on discussion due to
being rare, nonmodifiable, of perceived low face validity,
or inappropriate for primary care intervention included
episode duration, educational status, height, age, sex, his-
tory of back pain, family history of back pain, frequent
consultation, self-rated health, obesity, treatment expecta-
tions, and workers compensation status. The screening
tool is presented on a single sheet and is suitable for
self-completion (see Figure 1). Bothersomeness responses
are recorded as positive for very much or extremely both-
ersome back pain. For all other items, responses are re-
corded as positive if the person agrees with the statement.
Overall tool scores are produced by summing positive
items (items 1–9). The psychosocial subscale score is a
sum of bothersomeness, fear, catastrophizing, anxiety, and
depression items (items 1, 4, 7, 8, and 9). The patient
acceptability sample (n � 12) reported that the tool was
acceptable, quick, and simple to complete, and the clinical
advisory panel reported it was acceptable and simple to
score.

Step 2A: development sample psychometric testing. Of
244 patients identified, 131 (54%) returned the question-
naire and 107 (82%) agreed to further contact. Baseline
development sample characteristics are presented in Table

Table 1. Odds ratios for the association between baseline indicators and poor outcome (RMDQ higher than median values) at
12-month followup*

Indicator†

Cohort study (RMDQ median 5)
(n � 410)

RCT (RMDQ median 3)
(n � 329)

Crude Stepwise Crude Stepwise

Anxiety/distress 3.23 (2.20–4.73) Not significant 1.57 (1.01–2.44) Not significant
Bothersomeness 2.36 (1.62–3.42) Not significant No data No data
Catastrophizing beliefs/perceived risk of

not recovering
14.54 (7.98–26.4) 7.63 (3.69–15.7) 1.77 (1.13–2.75) Not significant

Coping strategies 1.45 (0.98–2.11) Not applicable 1.83 (1.18–2.84) 1.66 (1.02–2.72)
Depression 3.66 (2.48–5.38) Not significant 2.02 (1.28–3.17) Not significant
Disability 6.68 (4.45–10.0) 2.28 (1.36–3.83) 2.47 (1.58–3.86) 2.02 (1.22–3.33)
Duration 2.74 (1.87–4.02) 1.90 (1.15–3.16) 1.20 (0.72–1.99) Not applicable
Educational status 1.78 (1.23–2.57) Not significant 1.24 (0.80–1.92) Not applicable
Fear avoidance behavior/beliefs 3.14 (1.96–5.00) Not significant 2.06 (1.32–3.23) 1.97 (1.19–3.27)
Female sex 1.08 (0.74–1.56) Not applicable 0.75 (0.48–1.16) Not applicable
History of back pain 1.26 (0.75–2.11) Not applicable 1.69 (1.01–2.82) Not significant
Job dissatisfaction 3.23 (2.17–4.77) Not significant 1.27 (0.82–1.98) Not applicable
Pain elsewhere 3.70 (2.37–5.77) 2.19 (1.23–3.87) 2.44 (1.26–4.71) 2.72 (1.31–5.66)
Pain intensity 3.16 (2.15–4.64) Not significant 1.85 (1.19–2.88) Not significant
Pain radiating to the leg/sciatica 2.67 (1.79–3.98) Not significant 1.31 (0.82–2.09) Not applicable
Self-rated health 4.95 (3.29–7.42) 2.29 (1.34–3.91) 1.52 (0.98–2.36) Not applicable
Unemployment 9.79 (5.52–17.3) 3.21 (1.56–6.58) 1.79 (1.08–2.95) Not significant
Work absence 4.83 (2.94–7.94) Not significant 1.61 (0.92–2.83) Not applicable

* Values are the odds ratio (95% confidence interval). Not applicable is used where variables were not included in the stepwise analysis because they
were not significant in the crude analysis. RMDQ � Roland-Morris Disability Questionnaire; RCT � randomized controlled trial.
† Independent variables were dichotomized for statistical analysis: the median value was used as a cutoff for numerical scales.
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2. We posted 74 test–retest questionnaires, of which 53
(72%) were returned; 23 patients reported that their symp-
toms remained stable within the 2-week period.

The discriminant validity of the screening tool is pre-
sented in Table 3, with AUCs for overall and subscale tool
scores against reference standard cases ranging from 0.73
(acceptable) for referred leg pain to 0.92 (outstanding) for
disability. The results demonstrated that overall tool
scores best discriminated self-report physical reference
standards (e.g., disability and referred leg pain), whereas
psychosocial subscale scores best discriminated psycho-
social reference standards (e.g., catastrophizing, fear, and
depression) and therefore allocation to the high risk sub-
group.

Factor analysis confirmed that the psychosocial subscale
formed a single dimension. Cronbach’s alpha was 0.79 for
overall tool scores and 0.74 for the 5 psychosocial items,
indicating that no items were redundant. Of the respon-
dents, 10.8% had tool scores of 0 and 5.4% had tool scores

of 9, demonstrating that floor and ceiling effects were not
present.

The test–retest reliability quadratic weighted kappa
scores for the overall tool scores and psychosocial subscale
scores were 0.73 (95% CI 0.57–0.84) and 0.69 (95% CI
0.51–0.81), respectively, signifying substantial reliability
(46). Test–retest reliability increased to 0.79 (95% CI 0.73–
0.95) and 0.76 (95% CI 0.52–0.89), respectively, when
agreement was calculated using the 23 patients reporting
stable symptoms.

Step 2B: screening tool cutoff scores for treatment sub-
groups derived using the development sample. ROC ana-
lysis and average sensitivity and specificity for each po-
tential tool cutoff score are presented in Figure 2. Tool
overall scores of 0–3 identified the low risk subgroup, as
scores �4 provided the greatest average sensitivity and
specificity to identify cases (i.e., 86% for disability and
76% for referred leg pain). A score �4 for psychosocial

Figure 1. Subgroups for Targeted Treatment (STarT) Back Screening Tool. Item 1 is scored
as positive if “very much” or “extremely” bothered is marked. Items 2–9 are positive if
“agree” is marked. Psychosocial subscale items are 1, 4, 7, 8, and 9. Patients are allocated to
the high risk group if the psychosocial subscale score is �4. The remaining patients are
allocated to the low risk group if the overall tool score is �4 and to the medium risk group
if the overall tool score is �4.
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Table 2. Baseline characteristics of the development and independent external samples*

Baseline characteristics
Development sample

(n � 131)
External sample

(n � 500)

Female sex 77 (60) 293 (59)
Age, mean � SD years 44 � 10.0 45 � 9.7
Currently employed 95 (73) 370 (75)
Reason for unemployment

Not working due to back 17 (13) 49 (10)
Looking after home 7 (5) 28 (6)
Retired 0 (0) 15 (3)
Student 2 (2) 3 (1)
Not working other 9 (7) 23 (5)

Days off work in past 6/12
No time off work 31 (24) 144 (29)
�7 days 23 (18) 91 (18)
1–4 weeks 18 (14) 88 (18)
1–3 months 15 (12) 28 (6)
�3 months 6 (5) 21 (4)

Episode duration
Less than 1 month 32 (25) 83 (17)
1 to 3 months 19 (15) 94 (19)
4 to 6 months 15 (12) 77 (15)
7 months to 3 years 29 (22) 125 (25)
More than 3 years 34 (26) 112 (22)

Screening tool score, mean � SD
Overall 4.33 � 2.6 3.83 � 2.3
Psychosocial subscale 2.17 � 1.6 1.82 � 1.5

Pain intensity
Mild (0–5) 85 (65) 325 (65)
Moderate (6–7) 29 (22) 113 (23)
Severe (8–10) 17 (13) 54 (11)

Disability (RMDQ), mean � SD 8.6 � 6.6 9.1 � 5.9
Referred leg pain 75 (57) 303 (61)
Comorbid pain in neck/shoulder 63 (48) 276 (55)
Very or extremely bothered by back 56 (43) 276 (55)
Fear (TSK), mean � SD 40.9 � 7.5 39.5 � 6.9
Catastrophizing, mean � SD

PCS 18.9 � 12.4 –
CSQ catastrophizing subscale – 10 � 7.9

Anxiety (HADS subscale), mean � SD – 8.2 � 4.5
Depression (HADS subscale), mean �

SD
– 6.7 � 4.3

* Values are the number (percentage) unless otherwise indicated. RMDQ � Roland-Morris Disability
Questionnaire; TSK � Tampa Scale of Kinesiophobia; PCS � Pain Catastrophizing Scale; CSQ � Coping
Strategies Questionnaire; HADS � Hospital Anxiety and Depression Scale.

Table 3. Discriminant validity in the development sample: area under the receiver
operating characteristic curve (AUC) for screening tool overall scores and psychosocial

subscale scores against reference standard cases at baseline*

Reference
standards Case definition

Overall tool scores,
AUC (95% CI)

Psychosocial subscale
scores, AUC (95% CI)

Disability RMDQ �7 0.92 (0.88–0.97) 0.90 (0.85–0.93)
Referred leg pain Yes 0.84 (0.77–0.91) 0.73 (0.64–0.81)
Bothersomeness Very or extremely 0.92 (0.88–0.97) 0.92 (0.88–0.97)
Catastrophizing PCS �20 0.79 (0.71–0.87) 0.83 (0.76–0.90)
Fear TSK �41 0.79 (0.71–0.87) 0.81 (0.74–0.99)
Depression PHQ-2 � 2 0.74 (0.65–0.82) 0.76 (0.68–0.84)

* 95% CI � 95% confidence interval; PHQ-2 � Patient Health Questionnaire-2; see Table 2 for additional
definitions.
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subscale items was determined for the high risk subgroup.
Overall tool scores �3 but �4 on the psychosocial sub-
scale allocated patients to the medium risk subgroup.
These cutoffs produced a distribution of 52 patients (40%)
in the low risk subgroup, 45 (35%) in the medium risk
subgroup, and 33 (25%) in the high risk subgroup.

Step 3: testing for external and predictive validity with
an independent external sample. Independent external
sample. Participants (n � 500) were similar to the devel-
opment sample and their characteristics are presented in
Table 2. The distribution of screening tool treatment sub-
group cutoffs when applied to the independent external
sample was as follows: 234 (47%) were low risk, 186
(38%) were medium risk, and 74 (15%) were high risk.

External validity. AUCs for tool overall scores against
baseline reference standard cases for disability and psy-
chosocial subscale scores against baseline bothersomeness
and fear did not fall substantially between development
and external samples. AUCs (95% CIs) for disability, both-
ersomeness, and fear were 0.92 (0.88–0.97), 0.92 (0.88–
0.97), and 0.81 (0.74–0.89), respectively, in the develop-

ment sample and 0.90 (0.88–0.93), 0.89 (0.86–0.91), and
0.79 (0.75–0.83), respectively, in the external sample.

Predictive validity of screening tool. Sensitivity, speci-
ficity, and negative and positive LRs for tool subgroup
cutoffs against 6-month disability outcome are presented
in Table 4. There was a small influence of age and sex on
the tool’s predictive abilities, with older persons and men
having higher positive LRs and lower negative LRs signi-
fying better discrimination of outcome. There was a stron-
ger influence observed from episode duration, particularly
among patients who reported having back pain for 1–6
months. At the 6-month followup, 39 (16.7%) of the 234
patients in the low risk group had a poor disability out-
come (RMDQ �7), 99 (53.2%) of the 186 patients in the
medium risk group had a poor outcome, and 58 (78.4%) of
the 74 patients in the high risk group had a poor outcome.

DISCUSSION

We have developed and validated a simple, brief, and
practical way to subgroup patients with nonspecific low

Figure 2. Scoring cutoffs for subgroup allocation derived using the development sample. Receiver operating
characteristic (ROC) curves for overall tool scores against reference standard cases for A, disability (Roland-
Morris Disability Questionnaire score �7) and B, referred leg pain (“yes”), and for tool psychosocial subscale
scores against cases for C, catastrophizing (Pain Catastrophizing Scale score �20) and D, psychosocial distress
defined using all 4 psychosocial reference standards. The numbers in the boxes are the average sensitivity and
specificity. Numbers in parentheses are the 95% confidence interval. AUC � area under the ROC curve.
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back pain in primary care. The new STarT Back Screening
Tool identifies potentially modifiable prognostic indica-
tors that may be appropriate targets for primary care inter-
ventions.

Identifying patient subgroups has been referred to as
“the Holy Grail” of back pain by the Cochrane Back Re-
view Group (47) and prognostic assessment is highlighted
in the European guidelines for low back pain in primary
care (6). This is the first instrument specifically developed
and validated for use in primary care in the UK and it
specifically addresses identified research priorities (48).
The tool was designed for specific screening purposes and
is therefore quick to complete and score. Our approach
combined statistical and clinical methods, both in the
tool’s conceptual purposes and development. A further
strength was the use of 4 large data sets including 3 pri-
mary care samples (2 cohorts and 1 randomized controlled
trial) to develop the tool and a fourth cohort to evaluate
external validity, which optimizes generalizability.

There are a number of potential limitations to our study.
First, a formal comprehensive systematic review or con-
sensus technique was not used in item selection, although
the broad experience of the study team and clinical advi-
sory panel and the wide range of methods used ensured
that our methods were robust. Second, this study was
conducted within the context of UK primary care, and
therefore some clinical examination findings, such as im-
aging, were not included because they are not part of usual
practice in this setting. Third, for practical reasons the tool
was not included in a 1-page format in the external sam-
ple. However, all of the individual items were included in
the context of full construct measures within the question-

naire. Fourth, there was a lack of a single reference stan-
dard (criterion validity) against which to compare the per-
formance of the tool. Research in The Netherlands has
compared back pain prognostic instruments against clini-
cians’ subjective opinion (8), and we therefore plan a sim-
ilar study. A further limitation relates to possible nonre-
sponse bias, which may have inflated the proportion of
patients classified as appropriate for physiotherapy (me-
dium and high risk subgroups) if patients with longer-term
or more severe problems were more likely to respond to
the questionnaire (38). In the extreme circumstance of all
nonresponders being low risk, 70% of patients would be
classified as low risk, but we believe the real situation is
likely to lie in the middle, with referral to physiotherapy
being appropriate for 30–50% of back pain patients. This
is slightly higher than current UK estimates (49) but sim-
ilar to The Netherlands (50). While nonresponse bias
might affect the proportions of subgroup allocation, it is
unlikely to affect data presented on the validity of the tool
(38).

Recent back pain intervention trials in primary care
demonstrated only small differences in outcome when
compared with active controls (51). One possible explana-
tion is that interventions have not effectively targeted
modifiable risk factors (52). Therefore, at the beginning of
the tool development, 3 subgroups were conceptually de-
fined to identify a low risk group, high physical risk group,
and high psychosocial risk group to facilitate future tar-
geting of treatment. However, the predictive validity study
confirmed that in fact these were low, medium, and high
risk subgroups across a broad range of clinical outcomes
and therefore these new terms were given to the sub-

Table 4. Sensitivity, specificity, and likelihood ratios (LRs) for screening tool subgroup cutoffs (low/medium and medium/high)
to predict poor disability outcome at 6 months (Roland-Morris Disability Questionnaire >7) within the external sample data*

Stratification
Subgroup

cutoffs
Sensitivity,

%
Specificity,

%
Neg. LR
(95% CI)

Pos. LR
(95% CI)

Total sample L vs. M/H 80.1 65.4 0.30 (0.23–0.40) 2.32 (1.96–2.76)
L/M vs. H 39.6 94.6 0.74 (0.67–0.81) 5.51 (3.30–9.28)

Age �46.5 years† L vs. M/H 75.7 65.8 0.37 (0.25–0.52) 2.21 (1.73–2.86)
L/M vs. H 28.2 93.2 0.77 (0.67–0.87) 4.11 (2.14–8.00)

Age �46.5 years† L vs. M/H 84.9 65.1 0.23 (0.14–0.37) 2.44 (1.94–3.10)
L/M vs. H 31.2 96.1 0.72 (0.61–0.81) 7.90 (3.52–17.99)

Female L vs. M/H 78.0 63.6 0.35 (0.24–0.48) 2.14 (1.72–2.70)
L/M vs. H 25.2 94.4 0.79 (0.70–0.87) 4.54 (2.30–9.08)

Male L vs. M/H 84.1 67.6 0.24 (0.13–0.40) 2.60 (2.01–3.41)
L/M vs. H 37.7 94.9 0.66 (0.53–0.77) 7.39 (3.44–15.81)

�1 month duration L vs. M/H 78.0 65.0 0.34 (0.17–0.62) 2.25 (1.50–3.51)
L/M vs. H 31.3 91.8 0.75 (0.56–0.93) 3.82 (1.39–10.79)

1–3 months’ duration L vs. M/H 81.0 69.9 0.27 (0.11–0.59) 2.69 (1.75–4.04)
L/M vs. H 14.3 98.6 0.87 (0.67–0.99) 7.43 (1.11–50.04)

4–6 months’ duration L vs. M/H 80.0 73.2 0.27 (0.11–0.58) 2.99 (1.83–4.89)
L/M vs. H 35.0 98.1 0.66 (0.44–0.84) 19.60 (3.36–117.71)

7 months’ to 3 years’ duration L vs. M/H 71.2 59.7 0.48 (0.30–0.75) 1.77 (1.28–2.49)
L/M vs. H 21.2 90.3 0.87 (0.72–1.01) 2.18 (0.93–5.12)

�3 years’ duration L vs. M/H 86.8 54.5 0.24 (0.13–0.46) 1.91 (1.42–2.76)
L/M vs. H 36.8 93.2 0.68 (0.55–0.82) 5.39 (1.91–16.24)

* Results are provided for the total sample and stratified by age, sex, and episode duration. 95% CI � 95% confidence interval; L � low risk; M �
medium risk; H � high risk.
† Age 46.5 years � median age.
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groups. The fact that allocation to the high risk subgroup is
driven by the psychosocial subscale highlights the impor-
tance of psychosocial prognostic indicators among pa-
tients with low back pain.

Decision making for referral to physiotherapy is cur-
rently inconsistent. The STarT Back Screening Tool may
help to provide a more systematic approach by reassuring
clinicians that important modifiable indicators have not
been missed. The influence of episode duration on the
tool’s predictive performance indicates that there may be
an important window of opportunity for screening that is
within 1–6 months. This complements the tool’s primary
conceptual purpose to provide subgroups for initial treat-
ment of modifiable risk factors. Specificity for allocation to
the high risk subgroup was purposefully set high, because
cognitive–behavioral approaches may be detrimental for
nondistressed patients (42) and conservative physiother-
apy may be effective in modifying moderate levels of pain-
related distress (40,41).

Further work is now needed to establish whether im-
proved clinical outcomes are demonstrated by implement-
ing the STarT Back Screening Tool and linking this with
appropriate targeted treatment in primary care. We are
currently evaluating this in a randomized controlled trial.
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