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Abstract: Background:
Investigation of movement and sensory profiles across STarT Back risk subgroups.

Methods:

A chronic low back pain cohort (n=290) were classified as low, medium or high risk
using the STarT Back Tool, and completed a repeated spinal bending task and
quantitative sensory testing. Pain summation, time taken and the number of protective
behaviours with repeated bending were measured. Sensory tests included two-point
discrimination, temporal summation, pressure/thermal pain thresholds and conditioned
pain modulation. Subgroups were profiled against movement and sensory variables.

Results:

The high risk subgroup demonstrated greater pain summation following repeated
forward bending (p<.001). The medium risk subgroup demonstrated greater pain
summation following repeated backward bending (p=.032). Medium and high risk
subgroups demonstrated greater forward/backward bend time compared to the low risk
subgroup (p=.001, p=.005 respectively). Medium and high risk subgroups
demonstrated a higher number of protective behaviours per forward bend compared to
the low risk subgroup (p=.008). For sensory variables, only two-point discrimination
differed between subgroups, with medium and high risk subgroups demonstrating
higher thresholds (p=.016).

Conclusions:

This study showed altered movement characteristics and sensory discrimination
across SBT risk subgroups in people with CLBP. Membership of the high SBT risk
subgroup was associated with greater pain and disability levels, greater pain
summation following repeated bending, slower bending times, a greater number of
protective behaviours during forward bending, and a higher TPD threshold. Treatment
outcomes for higher risk SBT subgroups may be enhanced by interventions specifically
targeting movement and sensory alterations.
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1. Introduction

Chronic low back pain (CLBP) is the leading cause of years lived with disability, with a point
prevalence of 9.4% (Hoy et al., 2014). Despite better understanding of the multidimensional
nature of CLBP (Rusu et al., 2012) clinical outcomes are limited and healthcare expenditure
high (Manchikanti et al., 2014; Vos et al., 2012). One approach to improve outcomes CLBP
has been subgrouping (Costa et al., 2013; Foster et al., 2013).

The STarT Back Tool (SBT) was designed to stratify people with LBP into low, medium and
high risk of future disability, with subgroups matched to care pathways (Hill et al., 2008).
The effectiveness ofstratified care based on the SBT has been evaluated in in primary care
(Hill et al., 2011). At 12-month follow-up stratified care had a small effect on disability, but
no effect on pain intensity compared to controls (Hill et al., 2011). A broader understanding
of the characteristics of SBT risk subgroups may facilitate targeting underlying mechanisms.
Previous studies have demonstrated higher SBT risk subgroup allocation and/or score is
associated with greater pain intensity (Field and Newell 2012; Fritz et al., 2011; Kendell et
al., 2018), disability (Beneciuk et al., 2015; Field and Newell 2012; Fritz et al., 2011; Kendell
et al., 2018; Pagé et al., 2015) and negative psychological affect and cognitions (Beneciuk et
al., 2015; Kendell et al., 2018; Kongsted et al., 2011; Pag¢ et al., 2015) in keeping with
constructs assessed by the tool. However, movement and sensory profiles of SBT risk

subgroups have not been investigated.

Movement characteristics such as reduced movement speed, protective behaviours (guarding,
bracing (Keefe and Block 1982)) and provocative pain following repeated movements
(Rabey et al., 2017) have been associated with increased disability (Wong and Lee 2004) and
negative psychological factors (Thomas et al., 2008) in people with CLBP.

Varying sensory profiles involving differences in thermal and pressure pain sensitivity,
temporal summation and conditioned pain modulation (CPM) have been demonstrated in
CLBP subgroups (Rabey et al., 2015; Scholz et al., 2009, Rabey et al. 2015, Coronado et al.
2014, O’Neill et al. 2014). While the relationship between sensory profile and pain or
disability is unclear (Hiibscher et al., 2013; Rabey et al., 2015), different sensory profiles may

be associated with differing responses to interventions (Baron et al., 2012). Therefore, it may




be important to consider movement and sensory profiles of SBT risk subgroups to assist

refinement of stratified care.

The aim of this study was to investigate whether SBT risk subgroups in people with CLBP
differed across movement and sensory variables. It was hypothesised: (i) higher SBT risk
subgroup allocation would be associated with increased pain summation following repeated
spinal bending, a higher proportion of participants with a bidirectional increase in pain
following repeated spinal bending, slower bending time and more protective behaviours; (ii)
higher SBT risk subgroup allocation would be associated with a higher two-point
discrimination (TPD) threshold, enhanced temporal summation (TS), reduced pressure pain
threshold (PPT), higher cold pain threshold (CPT), lower heat pain threshold (HPT) and
reduced CPM.




2. Methods
This research was conducted in accordance with the Declaration of Helsinki and was
approved by the Human Ethics Research Committee at Curtin University (Approval Number:
HRE2017-0658). All participants gave written informed consent.

2.1 Participants

Participants were recruited from private physiotherapy, psychology, and pain management
clinics in Perth, Western Australia (WA) and via multimedia advertisements circulated
throughout the community in metropolitan and regional WA.

Participants were aged 18-70 years with dominant axial non-specific LBP as indicated by >
60% of the pain in the low back (between T12 and the gluteal fold) and < 40% in the leg(s)
(Wai et al., 2009), had pain of > 3-months duration with an average baseline pain intensity in
the last week of > 2 on an 11-point Numerical Rating Scale (NRS) (Dworkin et al., 2005),
and LBP-related disability of > 5 on the Roland Morris Disability Questionnaire (RMDQ)
(Roland and Morris 1983). Exclusion criteria included an inability to understand English,
pregnancy, diagnosed neurological disorder, presence of serious spinal pathology, spinal

surgery in the last six months, or bilateral dorsal wrist or hand pain.

Prior publications involving this cohort have not considered the movement and sensory
profiles of SBT risk subgroups (Kendell et al., 2018; Rabey et al., 2015; Rabey et al., 2017;
Rabey et al., 2016).

2.2 Variables

2.2.1 Demographics and Pain Characteristics

Demographic variables included were age, sex, education level, employment status,
occupation (manual or sedentary, based upon the Australian and New Zealand Standard
Classification of Occupations (Australian Bureau of Statistics 2013)), compensation status as
measured by a single question from the Fear Avoidance Beliefs Questionnaire (FABQ)
(Waddell et al., 1993), pain intensity in the last week (11-point NRS) (Dworkin et al., 2005),
LBP-related disability (RMDQ, scale 0-24 where higher scores equate to greater disability)
(Roland and Morris 1983), pain duration, percentage of symptoms in the lumbar region as

opposed to the leg (Wai et al., 2009), and overall general health in the previous two weeks as




measured by a single question from the COOP-WONCA charts (scale 1-5 where lower scores
indicate better health) (Van Weel et al., 2012). More detailed description is available
elsewhere (Rabey et al., 2015; Rabey et al., 2017; Rabey et al., 2016).

2.2.2 The STarT Back Tool

The SBT is a nine item self-report tool summed to produce an overall score from zero to nine,
and a psychological subscale score from zero to five. Higher scores indicate greater risk of
poor disability outcome (Hill et al., 2008). Patients with an overall score of three points or
less are stratified into the low risk subgroup. Patients who have an overall score of four or
more points are stratified into either the medium risk or high risk subgroup via the
psychological subscale score (subscale score of three points or less to the medium risk
subgroup, or four or more points to the high risk subgroup). In a primary care cohort with low
back pain of variable duration the SBT has acceptable to substantial discriminant validity and
substantial reliability (Hill et al., 2008). The SBT has moderate predictive validity and
acceptable discriminate ability for future disability in people with CLBP (Kendall et al.,
2018).

2.2.3 Movement variables

Participants were asked to complete 20 forward bends followed by 20 backward bends using
standardised instructions (Rabey et al., 2017). Participants were permitted to complete the
tasks in whatever fashion they wanted at whatever speed they wanted. Prior to performing the
first movement, a baseline rating of pain intensity (NRS) was established. With respect to
forward bending, participants were asked to pick up a pencil off the ground with this counted
as one forward bend. Placing the pencil back on the ground was counted as the second
forward bend. With respect to backward bending, participants were asked to look at a marker
placed on the ceiling approximately 60cm behind them without turning around. During both
tasks there was a brief pause every five repetitions for participants to rate their pain intensity.
If participants did not complete the full 20 repetitions due to pain or fear of exacerbation of
symptoms, the number of repetitions completed was recorded. The movements were recorded
using two iPads (4th Generation) (Apple, California, USA) (1080p HD video recording)
mounted on tripods. One iPad was placed directly in front of the participant, while the other

was placed to provide a lateral view of the participant’s lumbar spine region.

Pain summation following repeated forward and backward bending was quantified as the




change in pain intensity as determined by subtracting the participant’s score on a NRS after
the last set of repetitions completed from the baseline score (Sullivan et al., 2009). Pain was
only deemed to have increased if it had increased by the minimum clinically important
difference (MCID) of two-points (Salaffi et al., 2004) on the NRS. Movement subgroups
were formed by grouping participants into one of three subgroups: no increase in pain (< two-
point change in both directions); unidirectional increase in pain (> two-point change
following either forward or backward bending); and bidirectional increase in pain (> two-

point change in both directions).

Forward and backward bending time, determined from video playback, was measured as time
taken (seconds) to complete the first five forward or backward bends respectively. Bending
time was measured from the initiation of the movement until the point at which the

participant was standing erect again.

Protective behaviours were measured using a reliable method (Keefe and Block 1982) as a
total count of behaviours observed on video playback. Behaviours included guarding
(abnormally stiff or rigid movement), bracing (an extended limb supporting abnormal weight
distribution), rubbing, or holding the affected area, as previously described (Keefe and Block
1982, p366). The mean number of protective behaviours per completed bend was established

for both forward and backward bending.

2.2.4 Sensory variables

Two-point discrimination threshold was measured in centimetres and defined as the
minimum distance between two caliper points at which the participant could say that they had
been touched by two points rather than one. Testing occurred in the region of maximal
lumbar pain using the method described by Moberg (1990) and updated by Luomajoki and
Moseley (2011). Stimulation was applied in ascending and descending runs where the
distance between the caliper points was increased or decreased by five millimetres at a time.

A mean of three thresholds was used for analysis.

The first of several pain sensitivity variables was detection of enhanced TS. Testing,
performed in the area of maximal lumbar pain using a 26g nylon monofilament, involved 30
applications of the stimulus at 1Hz (Scholz et al., 2009). Participants rated the pain intensity

of the first and last stimuli on an NRS. Enhanced TS was deemed present if participants




perceived the initial stimulus as non-noxious but it became noxious (increasing by > two-
points on the NRS) during repeated stimulation, or if participants deemed the first stimulus as
noxious and pain intensity increased by > two-points on the NRS (Salaffi et al., 2004; Scholz
et al., 2009).

Pressure (kPa), cold and heat (°C) pain thresholds (abbreviated as PPT, CPT, HPT
respectively) were measured at the area of maximal lumbar pain and at the dorsal wrist joint
line. PPT was recorded as the point at which the sensation of pressure changed to a sensation
of pressure and pain (Rolke et al., 2006), and was measured using an algometer (probe size
lecm?; Somedic AB, Sweden). Pressure was increased from 0 kPa, at 50 kPa/s, until the
participant pressed a button to indicate they had reached their PPT. Cold pain thresholdwas
recorded as the point at which the sensation of cold became one of cold and pain (Rolke et
al., 2006). and was measured using a Thermotest contact thermode (Somedic AB, Sweden;
thermode contact area 2.5cm x 5cm). Testing began at 32°C. The temperature of the
thermode decreased by 1°C/s until the participant detected their threshold and pressed a
button or the device’s lower temperature limit (4°C) was reached. Heat pain threshold was
measured using the same contact thermode and was recorded as the point at which the
sensation of heat became one of heat and pain (Rolke et al., 2006). Testing began at 32°C.
The temperature increased by 1°C/s until the participant detected their threshold and pressed
a button or the device’s upper temperature limit (50°C) was reached. The mean of three
thresholds at each site for each stimulus was used for analysis. Thirty-second inter-stimulus

intervals were adopted to reduce the possibility of temporal summation.

To assess CPM, an algometer was used to apply pressure at the area of maximal lumbar pain
starting at 0 kPa and increasing at 50 kPa/s until the participant indicated that the pressure
was equal to a pain intensity of 6/10 on the NRS by triggering the algometer button (test
stimulus). This pressure was recorded as the baseline CPM pressure. Noxious heat
(conditioning stimulus) was then applied using the Thermotest to the dorsum of the hand. The
conditioning stimulus began at 40 °C and was increased by one degree at a time until the
participant indicated that the stimulus was too uncomfortable to tolerate, at which time it was

reduced by one degree. Specific instructions were then given to the participant: “I am going




to apply three further pressure tests to your back. You rated the last pressure as 6/10. Now I
want you to give me a score out of ten compared to that first rating for each of these next
three pressures.” The test stimulus was then reapplied in the same way, at the same point, at
the same application rate, to the predetermined pressure indicated by the participant (£10
kPa). The participant was asked to indicate the pain intensity (NRS) of the test stimuli while
the conditioning stimulus was ongoing. The test stimuli were tested during the conditioning
stimulus at three time points: 30, 60, and 90 seconds. The mean of the NRS scores from each
time point were subtracted from the baseline NRS score (6/10) and considered the CPM

change score for analysis.

2.3 Data analysis

Descriptive statistics were calculated for the demographic variables, pain intensity and
disability, and the movement and sensory variables with respect to the total cohort and each
SBT risk subgroup. Subgroup differences for continuous demographic, pain intensity,
disability, movement and sensory variables were examined using a one-way analysis of
variance (ANOVA) for normally distributed variables and the Kruskal-Wallis test for
variables with non-normally distributed data. Subgroup differences for categorical variables
were examined using the chi-squared test. Potential confounding by gender of differences in
pain sensitivity measures across SBT risk groups was tested by either tobit regression (CPTs
and HPTs), logistic regression (enhanced TS) or linear regression with bootstrapped standard
errors (all other variables). No corrections were made for multiple comparisons. With the
sample size of 290 and the observed risk subgroup proportions, this study was adequately
powered to detect meaningful differences in variables between risk subgroups, having a
power of 0.8 to detect standardised mean differences as small as 0.4 at a=.05. All data
analyses were performed using Stata 13.1 (Statacorp, Texas, USA). Statistical significance

was p<0.05 for all analyses.

3. Results

3.1 Participant demographics

A total of 290 participants were included in the study with 228 (78.6%) participants recruited
from the general community, 59 (20.3%) from private physiotherapy clinics, and three (1.0%)
from psychology and pain management clinics. Participant characteristics are presented in
Table 1. The SBT stratified 82 participants (28.3%) as low risk, 116 (40.0%) as medium risk,
and 92 (31.7%) as high risk. With respect to the demographic variables, the SBT risk




subgroups only differed for education level (p=0.01), occupation (p<0.001), and overall
general health (p<0.001). The high risk subgroup had significantly fewer years in education
than the low risk subgroup and the highest proportion of participants with manual jobs.
General health worsened in a stepwise manner from the low risk subgroup to the high risk
subgroup. The high risk subgroup had a lower proportion of females but this was not a
statistically significant difference. Pain intensity and disability were significantly different
across the SBT risk subgroups (p<0.001) with pain and disability increasing stepwise from

the low through to the high risk subgroup.

INSERT TABLE 1 HERE

3.2 Movement variables

There were significant differences between SBT risk subgroups for all movement variables
except the mean number of protective behaviours per backward bend completed (Table 2).
Group contrasts indicated the high risk subgroup demonstrated greater pain summation
following repeated forward bending than both the low risk subgroup(difference in median
+1.5) and the medium risk subgroup (difference in median +1.0) . The medium risk subgroup
demonstrated greater pain summation following repeated backward bending than both the
low risk subgroup (difference in median +1.0) and the high risk subgroup (difference in
median +1.0). There was a significant difference between SBT risk subgroups in terms of
membership of movement subgroups (p=0.028),with a higher than expected proportion of
participants with no increase in pain in the low risk subgroup (63.4%) and a higher than
expected proportion of participants with a unidirectional (45.7%) or a bidirectional (15.2%)
increase in pain in the high risk subgroup. The low risk subgroup had significantly faster
forward bending times than the medium risk subgroup (difference in median -2.0secs) and the
high risk subgroup (difference in median -3.0secs), and also significantly faster backward
bending times than the medium and high risk subgroups (difference in medians -1.5secs for
both). Lastly, although the median protective behaviours per forward bend were the same
across subgroups, the rank mean was significantly lower for the low risk subgroup (123) than

the than the medium risk subgroup (150, p=0.014) and the high risk subgroup (159, p=0.002).

INSERT TABLE 2 HERE

3.3 Sensory variables




The SBT risk subgroups did not differ with respect to all but one pain sensitivity variable
(Table 3) and regression analyses confirmed results were not confounded by the slight gender
imbalance across risk subgroups. TPD threshold was different between groups, with the low
risk subgroup having a significantly lower TPD threshold than the medium risk subgroup
(gender adjusted mean difference = -0.7, 95% Confidence Interval 0.1-1.3, p=0.022) and the
high risk subgroup (gender adjusted mean difference = -0.8, 95% Confidence Interval 0.1-
1.4, p=0.016).

INSERT TABLE 3 HERE

4. Discussion

This study profiled movement and sensory characteristics of SBT risk subgroups in people
with CLBP. Regarding the first hypothesis, movement profiles of SBT risk subgroups
broadly differed. Contrastingly, the second hypothesis was largely unsupported as there was

no difference in sensory profiles of risk subgroups except TPD threshold.

4.1 Movement variables

Following repeated (forward) spinal bending, the high risk subgroup demonstrated greater
pain summation, were more likely to experience unidirectional/bidirectional increases in pain,
had slower bending times and exhibited greater protective behaviours. The high risk
subgroup is defined by higher psychological distress. Prior investigation in this cohort
reported a weak association between psychological distress and pain summation following
repeated spinal bending (Rabey et al., 2017; Rabey et al., 2016), consistent with results
reported here.

Possibly the only other study to have investigated the relationship between repeated
movements and psychological factors found higher fear of movement, pain catastrophizing,
and depression to be associated with greater pain summation with repeated lifting (Sullivan et
al., 2009). However, the authors made no attempts to derive subgroups. In this current study
the high risk subgroup had a greater proportion of manual workers, and a lower level of
education. Greater pain summation and protective behaviours following repeated bending
may have been influenced by work-related spinal loading (Coenen et al., 2014; Hayden et al.,
2009).Conversely, prior investigation in this cohort reported better cognitive and affective
psychological questionnaire scores in a people with no increase in pain following repeated

spinal bending (Rabey et al., 2017). This is consistent with the present study where there was




a higher than expected proportion of participants with no increase in pain in the low risk

subgroup defined by no or low psychological distress.

Pain summation following backward bending did not conform to the above generalisation,
with the medium risk subgroup demonstrating greater summation than others. Underlying
forward bending movement characteristics may be the influence of implicit (Caneiro et al.,
2017) and conscious (Darlow et al., 2014) beliefs related to harm/threat. These beliefs may
differ for backwards bending, contributing to different findings for this movement across

subgroups.

Forty-nine percent of participants showed no increase in pain with repeated bending. This
may reflect the stipulation in this study for pain intensity to have changed by at least two-
points to be considered increased, the variability of pain responses to movement across the
cohort, and that pain is often reported to improve following repeated movements (May and

Aina, 2012).

Protective behaviours are considered maladaptive responses to feared, threatening and/or
painful activities reflecting a person’s attempt to enhance their perception of control and
safety (O’Sullivan et al., 2018). Slower bending times and greater protective behaviours
exhibited by the high risk subgroup may be influenced by greater pain summation (Hodges
and Smeets 2015) or altered muscle activity with repeated movement (Falla et al., 2014).
Greater pain intensity and disability have been associated with greater protective behaviours
during repeated lifting (Sullivan et al., 2006). Higher fear-avoidance beliefs in people with
LBP have also been associated with decreased peak velocity and acceleration of lumbar
movement (Thomas et al., 2008). While fear was not an isolated construct investigated in the
present study, it is a domain within the SBT and results from these studies investigating fear

and movement align to our findings.

No previous studies have examined differences in movement characteristics across SBT risk
subgroups. These findings suggest pain responses following repeated movement belie a
complex relationship between movement and pain where changes in movement are possibly
influenced by psychological, behavioral and pain-related factors. This may be both cause and
effect of nociceptive input and/or pain (Hodges and Smeets 2015) (e.g. fear may lead to

altered movement patterns which may influence tissue loading and subsequent peripheral




nociceptive input). Interventions could be developed to target movement alterations, and
associated psychological factors, for the high risk subgroup in particular, possibly affording

improved treatment outcomes.

4.2 Sensory variables

Two-point discrimination threshold was the only sensory variable that differed across risk
subgroups, being significantly lower in the low risk subgroup . Increased TPD threshold is
considered to reflect greater disruption of body schema in the primary somatosensory cortex
(Pleger et al., 2006). Increased TPD threshold has been associated with altered perception of
body image and poorer lumbar spine motor control in people with CLBP (Luomajoki and
Moseley 2011; Nishigami et al., 2015). While speculative, higher TPD thresholds reflecting
cortical alterations in the medium and high risk subgroups, may adversely influence
movement patterns and perception of the low back region, contributing to peripheral
nociception secondary to altered mechanical loading (Hodges and Smeets 2015) and/or “top-

down” nociceptive facilitation (Wand et al., 2016).

Pain sensitivity did not differ across SBT risk subgroups. The SBT was developed to predict
poor disability outcome in people with LBP attending primary care (Hill et al. 2008) and
predicted persistent disability in this cohort with CLBP (Kendall et al. 2018). However,
consistent with recent reviews, there does not appear to be a clear association between pain
and disability with quantitative sensory testing (QST) findings in people with LBP (Hiibscher
et al., 2013), and QST findings may not be prognostic of pain intensity or work absenteeism
for people with LBP (Marcuzzi et al., 2016). Therefore, while the SBT stratifies people based
upon risk of poor disability outcome, disability levels may not be influenced by their pain
sensitivity. The mean CPM change score (1.0) in this study equates to a 17% change. CPM
effects from widely varying protocols vary between 5-100% (Pud et al., 2009). A 17%
change is toward the lower end of this range, however, it is unknown whether a different
CPM protocol may have given different results and there is currently insufficient data to
support one optimal CPM protocol (Yarnitsky et al., 2010). While speculative, examining
pain sensitivity features may be relevant in clinical examination at the individual level, to
understand possible pain mechanisms and inform treatment choices (Uddin and Macdermid
2016). While there were no significant differences between SBT subgroups for sex, the high

risk subgroup tended towards a higher proportion of males. As females consistently have




higher pain sensitivity (Mogil, 2012) this imbalance could have introduced potential bias.
However, statistical analyses of sensory measures adjusting for gender confirmed this was

not the case.

4.3 Clinical implications

The SBT was developed for use in primary care (60% of participants had symptoms longer
than three-months duration) (Hill et al., 2008), however, it has been shown to have adequate
predictive ability for future disability in this CLBP cohort (Kendall et al., 2018) so may be
an appropriate screening tool in such populations. Since chronic pain and disability levels
may be responsive to intervention (Saragiotto et al., 2017) the movement and sensory
findings from this study may inform refinement of stratified care. Pain and disability
outcomes for the medium and high risk subgroup might be enhanced via management
approaches which address alterations in movement and tactile acuity and appreciate their
interconnectedness with negative psychological affect and cognitions. For example, in people
with CLBP stratified by the SBT to medium or high risk subgroups a combination of pain
education, sensory acuity re-training and movement retraining yielded significant reductions
in pain intensity (Walti et al., 2015). Improvements in pain and disability have also been
shown in people with CLBP following an intervention combining education and cognitive
restructuring, specific movement and body schema retraining and lifestyle interventions
(Vibe Fersum et al., 2013). Lifestyle factors may be important to consider in the management
of people with poorer general health (Hartvigsen et al., 2013), as reported by the higher risk
subgroups in this study. Such interventions have not been tested in acute or primary care
settings, however, evaluation and subsequent targeting of movement and sensory alterations

at that stage may reduce chronicity.

4.4 Strengths and limitations

Strengths of this study include the large sample size and inclusion of a broad range of
potentially modifiable movement and sensory variables easily evaluated in a clinical setting.
Generalisability of these results may be limited to CLBP populations with similar
demographics in terms of dominant axial LBP rather than dominant leg pain, long duration of
symptoms, moderate pain intensity, and relatively low LBP-related disability.

The SBT is only one of many systems for deriving subgroups of people with LBP (see
Fairbank et al. (2011) for further details). In this and a separate cohort with CLBP it has

moderate predictive ability for disability, however, its predictive ability for pain and global




perceived change are comparatively poor (Kendall et al., 2018, Page et al., 2015). The SBT
was developed to predict future disability (Hill et al., 2008) which may explain its poor
performance regarding these other outcomes. CLBP is a multidimensional disorder (Rusu et
al., 2012), however, the SBT lacks consideration of numerous dimensions associated with
CLBP (e.g. lifestyle, general health) as well as the pain sensitivity and movement dimensions
examined in this study. Also, changes in SBT risk subgroup allocation can occur in a short
period of time (Newell et al., 2015), indicating the fluctuating nature of different factors
underlying CLBP. Stratified care based upon SBT risk subgroups has not yet been examined
in people with CLBP, however, to facilitate optimal treatment outcomes it may be important
for management to target all relevant dimensions in a person’s presentation (Linton et al.,

2018).

4.5 Conclusion

This study showed different movement and sensory characteristics of SBT risk subgroups in
people with CLBP. Membership of the high risk subgroup was associated with greater pain
and disability levels, greater pain summation with repeated forward bending, slower bending
times, greater protective behaviours during forward bending, and a higher TPD threshold.
The modest outcomes shown for stratified care (Hill et al., 2011) may be enhanced for the
high risk subgroup if interventions specifically targeted associated movement and sensory

alterations.
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Table 1. Descriptive Characteristics of Participants — Total Cohort and Stratified by STarT Back
Tool Risk Subgroup

Table 2. Movement Variables — Total Cohort and Stratified by STarT Back Tool Risk Subgroup

Table 3. Sensory Variables — Total Cohort and Stratified by STarT Back Tool Risk Subgroup




Table

Risk subgroup
Variable Total cohort Low Medium High p-value
n=290 n=82 (28.3%) n=116 (40.0%) n=92 (31.7%)

Age (years) 50.5(37.0-60.0) 49.0 (40.0-61.0) 51.5(41.0-58.0) 50.0 (32.0-60.0) 0.556
Sex, n (%) female 166 (57.2) 49 (59.8) 73 (62.9) 44 (47.8) 0.079
Education level (years), mean (SD) 14.8 (3.6) 15.7 (3.9) 14.7 (3.3) 14.1 (3.5) 0.012°
Employment status, n (%) yes working 223 (76.9) 65 (79.3) 89 (76.7) 69 (75.0) 0.799
Occupation, n (%) <0.001

Manual 72 (26.2) 13 (16.1) 24 (22.2) 35 (40.7)

Sedentary 174 (63.3) 61 (75.3) 76 (70.4) 37 (43.0)

Not working 29 (10.6) 7 (8.6) 8(7.4) 14 (16.3)
Compensation status, n (%) yes compensated 45 (15.8) 15 (18.5) 15 (13.2) 15 (16.9) 0.712
Pain duration (months) 120.0 (42.0-240.0)  120.0 (42.0-240.0)  120.0 (48.0-300.0)  120.0 (36.0-192.0) 0.481
Overall general health (COOP-WONCA) (lower 3.0(2.0-4.0) 2.0(2.0-3.0) 3.0(2.0-3.5) 3.0 (3.0-4.0) <0.001
scores indicate better health)
Percent LBP (vs. leg pain), n (%) 0.091

100% 145 (50.0) 51 (62.2) 49 (42.2) 45 (48.9)

80% 110 (38.0) 23 (28.1) 50 (43.1) 37 (40.2)

60% 35(12.1) 8(9.8) 17 (14.7) 10 (10.9)
Pain intensity (NRS), mean (SD) 5.8 (1.9) 4.7 (1.8) 6.0 (1.8) 6.5 (1.6) <0.001
Disability (RMDQ) 9.0 (6.0-13.0) 6.0 (5.0-8.0) 9.0 (7.0-13.0) 12.0 (8.5-15.0) <0.001

SD = standard deviation; NRS = Numerical Rating Scale; RMDQ = Roland Morris Disability Questionnaire; LBP = low back pain.



Values represent median (interquartile range) unless otherwise indicated. Where there are statistically significant differences between subgroups, group
contrasts indicated a significant difference between all three subgroups except where indicated by ? (Education level = significant difference between the
low and the high risk subgroup only). Boldface indicates statistical significance (p<0.05).

Missing values:

n=290 (total cohort), n=82 (low risk subgroup), n=116 (medium risk subgroup), and n=92 (high risk subgroup) except where there are missing values.
Educational level = 14 missing (6, 1, and 7 missing respectively from the low, medium, and high risk subgroup).

Occupation = 15 missing (1, 8, and 6 missing respectively from the low, medium, and high risk subgroup).

Compensation status= 6 missing (1, 2, and 3 missing respectively from the low, medium, and high risk subgroup).

Pain duration = 4 missing (0, 2, and 2 missing respectively from the low, medium, and high risk subgroup).



Table 2 amended

Risk subgroup

Variable Total cohort Low Medium High Test p-value
n=290 n=82 (28.3%) n=116 (40.0%) n=92 (31.7%) statistic

Pain summation with repeated forward 1.0 (0.0-2.0) 0.5 (0.0-2.0) 1.0 (0.0-2.0) 2.0(1.0-3.0) X?=16.95 <0.001%
bending (NRS)
Pain summation with repeated backward 0.0 (0.0-1.0) 0.0 (0.0-1.0) 1.0 (0.0-2.0) 0.0 (0.0-1.0) X?%2=6.90  0.032°¢
bending (NRS)
Movement subgroups, n (%) X?2=10.86  0.028°

No increase in pain 143 (49.3) 52 (63.4) 55 (47.4) 36 (39.1)

Unidirectional increase in pain 111 (38.3) 24 (29.3) 45 (38.8) 42 (45.7)

Bidirectional increase in pain 36 (12.4) 6 (7.3) 16 (13.8) 14 (15.2)
Forward bending time (seconds) 18.0 (15.0-22.0) 16.0 (13.0-20.0) 18.0(15.0-23.0) 19.0 (16.0-26.0)  X%z=13.48  0.001<
Backward bending time (seconds) 16.0 (14.0-20.0) 15.5(13.0-18.0) 17.0(14.5-21.0) 17.0 (14.0-22.0)  X%*3=10.53  0.005
Number of protective behaviours per 1.0 (0.4-1.0) 1.0 (0.1-1.0) 1.0 (0.6-1.0) 1.0 (0.6-1.0) X*2=9.67  0.008%
forward bend completed
Number of protective behaviours per 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) X?2=4.06 0.131¢

backward bend completed

NRS = Numerical Rating Scale.

Values represent median (interquartile range). Boldface indicates statistical significance (p<0.05).

Group contrasts:

2= Significant differences between the low and the high risk subgroup and the medium and the high risk subgroup (no significant difference between the

low and the medium risk subgroup).

b= Significant differences between the low and the medium risk subgroup and the medium and the high risk subgroup (no significant difference between

the low and the high risk subgroup).



¢ = Significant differences between the low and the medium risk subgroup and the low and the high risk subgroup (no significant difference between the
medium and the high risk subgroup).

4= Kruskal-Wallis; ©= chi-squared.
Missing values:
n=290 (total cohort), n=82 (low risk subgroup), n=116 (medium risk subgroup), and n=92 (high risk subgroup) except where there are missing values.

Pain summation with repeated forward bending, forward bending time, number of protective behaviours per forward bend = 1 missing (medium risk
subgroup).

Pain summation with repeated backward bending, backward bending time, number of protective behaviours per backward bend = 2 missing (high risk
subgroup).



Table 3 amended

Risk subgroup

Total cohort Low Medium High Test p-value
n=290 n=82 (28.3%) n=116 (40.0%) n=92 (31.7%) statistic

TPD (cm) 6.0 (4.5-7.0) 5.0 (4.0-6.0) 6.0 (4.5-7.0) 6.0 (4.5-7.3) X2=8.24  0.016%
TS, n (%) yes (present) 54 (18.7) 15 (18.3) 18 (15.7) 21(22.8) X22)=1.74 0.418¢
PPT wrist (kPa) 269 (182-345) 274 (189-374) 259 (170-365) 276 (184-336) X?2=1.07 0.585F
PPT lumbar (kPa) 267 (163-451) 274 (173-484) 242 (163-396) 297 (156-458) X»=2.30  0.317°
CPT wrist (°C) 5.3 (4.0-13.0) 5.5 (4.0-11.1) 5.4 (4.0-15.4) 4.1 (4.0-11.9) X22=1.40  0.496"
CPT lumbar (°C) 4.0 (4.0-23.5) 4.0 (4.0-17.0) 4.7 (4.0-26.0) 4.0 (4.0-16.6) X22=2.69  0.261F

HPT wrist (°C)
HPT lumbar (°C)

45.3 (42.8-47.8)
42.8 (40.0-45.6)
434 (260-655)

44.6 (42.1-47.1)
42.9 (39.7-45.4)
497 (292-651)

45.2 (42.4-48.1)
42.4 (39.1-45.9)
398 (251-607)

45.8 (43.6-48.3) X*»=2.74  0.254°
42.6 (40.6-45.8)  X*»=0.84  0.658°

Baseline CPM pressure to reach 6/10 pain on 491 (248-673) X?2=2.86 0.240°

NRS (kPa)
CPM change score (NRS), mean (SD) 1.0 (1.3) 0.8 (1.3) 0.9 (1.1) 1.2 (1.4) F=1.85  0.160¢

TPD = two-point discrimination; TS = temporal summation; PPT = pressure pain threshold; CPT = cold pain threshold; HPT = heat pain threshold; CPM =
conditioned pain modulation; NRS = Numerical Rating Scale; SD = standard deviation.

Values represent median (interquartile range) unless otherwise indicated. Boldface indicates statistical significance (p<0.05).

2= Significant differences between the low and the medium risk subgroup and the low and the high risk subgroup (no significant difference between the
medium and the high risk subgroup).

b= Kruskal-Wallis; ¢= chi-squared; = one-way analysis of variance (ANOVA).
Missing values:



n=290 (total cohort), n=82 (low risk subgroup), n=116 (medium risk subgroup), and n=92 (high risk subgroup) except where there are missing values.
TS= 1 missing (1 missing from the medium risk subgroup).

Baseline CPM pressure, CPM change score = 16 missing (6, 5, and 5 missing respectively from the low, medium, and high risk subgroup).



