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a b s t r a c t

Background and aims: Provocative pain responses following standardised protocols of repeated sagittal
plane spinal bending have not been reported in people with chronic low back pain (CLBP). Potential
differing pain responses to movement likely reflect complex sensorimotor interactions influenced by
physical, psychological and neurophysiological factors. To date, it is unknown whether provocative pain
responses following repeated bending are associated with different pain sensitivity and psychological
profiles. Therefore the first aim of this study was to determine whether data-driven subgroups with
different, clinically-important pain responses following repeated movement exist in a large CLBP cohort,
specifically using a standardised protocol of repeated sagittal plane spinal bending. The second aim was
to determine if the resultant pain responses following repeated movement were associated with pain
and disability, pain sensitivity and psychological factors.
Methods: Clinically-important (≥2-points, 11-point numeric rating scale) changes in pain intensity fol-
lowing repeated forward/backward bending were examined. Participants with different provocative pain
responses to forward and backward bending were profiled on age, sex, pain sensitivity, psychological
variables, pain characteristics and disability.
Results: Three groups with differing provocative pain responses following repeated movements were
derived: (i) no clinically-important increased pain in either direction (n = 144, 49.0%), (ii) increased pain
with repeated bending in one direction only (unidirectional, n = 112, 38.1%), (iii) increased pain with
repeated bending in both directions (bidirectional, n = 38, 12.9%). After adjusting for psychological pro-
file, age and sex, for the group with bidirectional pain provocation responses following repeated spinal
bending, higher pressure and thermal pain sensitivity were demonstrated, while for the group with no
increase in pain, better cognitive and affective psychological questionnaire scores were evident. How-

ever, these associations between provocative pain responses following movement and pain sensitivity
and psychological profiles were weak.
Conclusions: Provocative pain responses following repeated movements in people with CLBP appear
heterogeneous, and are weakly associated with pain sensitivity and psychological profiles.
Implications: To date, suboptimal outcomes in studies examining exercise interventions targeting direc-
tional, movement-based subgroups in people with CLBP may reflect limited consideration of broader
multidimensional clinical profiles associated with LBP.
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This article describes heterogeneous provocative pain responses following repeated spinal bending, and
their associated pain sensitivity and psychological profiles, in people with CLBP. These findings may help
facilitate targeted management.
For people with no increase in pain, the lack of pain provocation following repeated spinal bending, in
combination with a favourable psychological profile, suggests this subgroup may have fewer barriers to
functional rehabilitation. In contrast, those with pain provoked by both forward and backward bend-
ing may require specific interventions targeting increased pain sensitivity and negative psychological
cognitions and affect, as these may be may be important barriers to functional rehabilitation.
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. Introduction

Clinicians commonly evaluate pain responses to repeated move-
ent in people with chronic low back pain (CLBP), particularly

agittal plane spinal bending [1]. It has been reported that for some
ndividuals, pain is not influenced by repeated movement, for some
here is a unidirectional (UD) response to either repeated forward
r backward bending, and for others there is a bidirectional (BD)
esponse to both repeated flexion and extension [2–5].

The classification of subgroups within the population of people
ith CLBP is a research priority, which may facilitate targeted man-

gement strategies and improved treatment outcomes [6,7]. CLBP
lassification systems may be described as: (1) based upon clinical
pinion, (2) based on theoretical models derived from experimental
bservation, (3) purely data driven [8]. The majority of movement-
ased classification systems [1,9,10] can be considered to be in the
rst two of these categories. While heterogeneous pain responses
o a standardised protocol of directional repeated movements have
een demonstrated [2], subgrouping based upon such movements

s based upon clinical assessment underpinned by a theoretical
odel [1] and therefore cannot be regarded as purely data driven

8]. To date, the majority of studies examining pain responses
o repeated movements have also involved samples including, or
xclusively made up of, people with acute LBP +/− leg pain [11–18].

Potential differing pain responses to movement, such as those
escribed above, likely reflect complex sensorimotor interactions

nfluenced by physical, psychological and neurophysiological fac-
ors as highlighted in recent literature [19,20]. Investigations in
eople with CLBP support this premise. For example, in people
ith CLBP demonstrating pain provocation with repeated lifting,
ain intensity has been positively associated with kinesiophobia,
atastrophizing and depression [21]. People with CLBP reporting
disproportionate” pain responses to spinal movement, demon-
trated greater pressure and cold pain sensitivity and higher levels
f psychological distress than people with CLBP and “proportion-
te” pain responses [22]. Another study examining repeated lifting
n people with CLBP demonstrated increasing pain intensity and
ressure pain sensitivity over 25 repetitions [23].

Previously we have utilised data-driven methods to derive
ubgroups based upon pain sensitivity [24] and psychological
actors [25] in the same CLBP cohort. Data-driven subgrouping
nvolves statistical (broadly defined as the systematic organisation
f numerical data) subgroup derivation, and does not rely upon
linical opinion or underlying theoretical models, but allows data
ollected from people with CLBP “speak for itself” [8].

Therefore the first aim of this study was to determine whether
ata-driven subgroups with different, clinically-important pain
esponses following repeated movement exist in a large CLBP
ohort, specifically using a standardised protocol of repeated sagit-

al plane spinal bending. The second aim was to determine if
he resultant pain responses following repeated movement were
ssociated with pain and disability, pain sensitivity and psycho-
ogical factors. To date these concepts have not been specifically
iation for the Study of Pain. Published by Elsevier B.V. All rights reserved.

investigated in the literature. This knowledge would provide
increased insight to factors underlying pain responses to repeated
movement in CLBP, which may enhance more specific targeted
management.

2. Materials and methods

This research was approved by the Human Research Ethics Com-
mittees of Curtin University, Royal Perth Hospital, and Sir Charles
Gairdner Hospital, Western Australia. All participants gave written,
informed consent.

This cross-sectional study involved people with CLBP (n = 294,
57.1% female; median age 50 years), recruited via multimedia
advertisements circulated throughout metropolitan and regional
Western Australia (77.6%), and from private metropolitan physio-
therapy clinics (20.1%), public metropolitan hospitals (1.4%); and
private metropolitan pain management and general practice clinics
(1.0%), between November 2012 and January 2014.

Participants contacted one researcher (MR) and were sent an
inclusion/exclusion criteria questionnaire. Ambiguous responses
were clarified by telephone.

Inclusion criteria were: aged 18–70 years; LBP > 3-months dura-
tion; ≥2-points on a numeric rating scale (NRS) (0–10) for pain
intensity (past week); ≥5-points on the Roland Morris Disability
Questionnaire (RMDQ) [26]; at least 60% LBP on the question [27]:
“Which situation describes your pain over the past 4 weeks the
best? 100% of the pain in the low back; 80% of the pain in the low
back and 20% in the leg(s); 60% of the pain in the low back and 40%
in the leg(s)”, etc.

Exclusion criteria were: previous extensive spinal surgery
(>single-level fusion/discectomy), spinal surgery within the
past six-months, serious spinal pathology (cancer, inflammatory
arthropathy, etc.), diagnosed neurological disease, bilateral dorsal
wrist/hand pain, pregnancy, inability to understand English.

A total of 586 potential participants contacted the research
team, of whom 349 met the inclusion/exclusion criteria. Fifty-five
of these potential participants declined completion of the baseline
assessment, leaving a sample of 294 included participants.

3. Sagittal plane movement tasks

Participants performed two repeated bending tasks in the fol-
lowing order:

1. Twenty forward spinal bends to pick up a pencil from the floor,
and place it back down.

2. Twenty backward spinal bends to view a marker on the ceiling
behind them.
Repeated forward bending is a valid and reliable test of pain
provocation for people with CLBP [28,29]. Repeated backward
bending was included as a common component of the examination
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or CLBP, and to determine whether pain provocation is influenced
n a directional manner [1,9,30].

Participants could refuse to undertake these movements, or to
omplete 20 repetitions, should they feel their pain became too
reat, or feared symptom exacerbation. The number of repetitions
ompleted was recorded.

Participants received standardised instructions:

. For forward bending, participants were asked to pick up a pencil
on the floor in front of them (first forward bend), then place the
pencil back on the floor (second forward bend). They repeated
this until 20 bends were completed. Participants were told they
could undertake this task however they wished, and at whatever
speed they wished.

. For backward bending, participants were instructed to sight a
ceiling marker approximately 60 cm behind them however they
wished, at whatever speed they wished, without turning around,
then return to neutral before repeating the task up to 20 times.

Assessment of whether repeated movement influenced partici-
ant’s perception of CLBP intensity, was undertaken by asking them
o rate pain intensity on an NRS (0–10) before task commencement,
hen every five repetitions [21].

.1. Profiling variables

Age and sex were collected for each participant.
Pain intensity (past week) was rated using the previously

escribed, valid and reliable NRS [31].
Low back pain-related disability was measured using RMDQ

26], comprising 24 items, which the participant ticks to indicate
tems relevant to their presentation (maximum score 24 indicating
igh disability). Items examine effects of LBP on activities of daily

iving. It is valid and reliable [26,32,33].
Low back pain duration (months) was reported by each partici-

ant.

.2. Pain sensitivity

For this cohort, pain sensitivity subgroups have been previously
etermined, using latent class analysis of quantitative sensory test-

ng data [24]. Three subgroups were derived: cluster 1 (31.9%) was
haracterised by average to high temperature and pressure pain
ensitivity, cluster 2 (52.0%) by average to high pressure pain sen-
itivity, and cluster 3 (16.0%) by low temperature and pressure
ain sensitivity. Cluster membership was considered as a profiling
ariable.

.3. Psychological profiles

For this cohort, subgroups with differing psychological profiles
ave been previously determined, using latent class analysis of
broad range of psychological data [25]. Three subgroups were

erived: cluster 1 (23.5%) was characterised by low cognitive and
ffective questionnaire scores, with the exception of fear-avoidance
eliefs, cluster 2 (58.8%) was characterised by relatively elevated
hought suppression, catastrophizing and fear-avoidance beliefs,
ut low depression, anxiety and stress, and higher pain self-efficacy.
luster 3 (17.7%) had the highest scores across cognitive and
ffective questionnaires, indicating greatest psychological distress.
luster membership was considered as a profiling variable.
The sample size in this study, of approximately 300 participants,
as been suggested to be adequate for studies involving latent class
nalysis [34], which was used to derive the pain sensitivity and
sychological subgroups.
nal of Pain 16 (2017) 22–28

3.4. Statistical analysis

Missing data is detailed in Table 1. For questionnaires, data
management was undertaken as in original manuscripts where
described. Otherwise, the mean of other items was imputed in the
case of one missing item, and the score considered missing in the
case of two or more missing items.

Examination of pain responses following sagittal plane spinal
bending was undertaken as follows: a score for change in pain
intensity was determined by subtracting the participant’s score on
the NRS after the last set of repetitions completed (maximum 20)
from the baseline score [35]. Pain was deemed to have changed
only if it changed by the MCID of ≥two-points [36]. For each indi-
vidual, it was determined whether their pain intensity had changed
by ≥two-points following repeated bending in neither direction
(No increase in pain (NIP)), in only one direction (unidirectional
(UD)) or in both directions (bidirectional (BD)). Preliminary anal-
ysis revealed ameliorative responses were relatively uncommon.
Therefore participants experiencing decreases in pain with either
forward or backward bending were considered to have no increase
in pain in that direction for classification purposes. Subgrouping
was subsequently based solely on pain provocation responses.

Unadjusted differences in profiling variables between groups
with differing provocative pain responses following sagittal plane
spinal bending were examined using analysis of variance for nor-
mally distributed variables, Kruskal–Wallis one-way analysis of
variance for variables with skewed data, and chi-squared analysis
for categorical data.

Multinomial logistic regression was used to examine multi-
variable associations between provocative pain response group
membership (modelled as a dependent variable) and pain sensi-
tivity/psychological cluster membership (modelled as independent
variables), adjusting for age and sex.

Statistical analysis was performed using Stata 13.1 (Statacorp,
TX, USA).

4. Results

For forward bending, 284 (96.6%) participants completed 20
repetitions. Those not completing all repetitions were (n (%)): 0
repetitions completed: 2 (0.7); 5 repetitions completed: 2 (0.7);
10 repetitions completed: 4 (1.4); 15 repetitions completed: 2
(0.7). For backward bending 277 (94.2%) participants completed
20 repetitions. Those not completing all repetitions were (n (%)): 0
repetitions completed: 2 (0.7); 5 repetitions completed: 7 (2.4); 10
repetitions completed: 6 (2.0); 15 repetitions completed: 2 (0.7).

Two participants declined to undertake the forward or back-
ward bending task for fear of symptom exacerbation. For these
participants these movements were assumed to be provocative.

Membership of derived subgroups was as follows: NIP 49.0%
(n = 144), UD 38.1% (n = 112), BD 12.9% (n = 38) (Fig. 1).

Regarding ameliorative responses, only nineteen participants
(6.5%) displayed decreases in pain intensity with backward bend-
ing of ≥two-points; while thirteen participants (4.4%) displayed
decreases in pain intensity of ≥two-points with forward bending.
For the 31 participants in total reporting a decrease in pain during
forward and/or backward bending, eight were classified as NIP and
23 as UD pain provocation pattern.

4.1. Profiling variables
BD provocative pain responses were associated with signifi-
cantly higher pain intensity and lower pain duration (Table 1). NIP
was significantly associated with lower disability levels. The uni-
variable association between differing pain provocation responses
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Table 1
Profiles associated with differing provocative pain responses to repeated sagittal spinal bending.

Variable NIP (n = 144, 49.0%) UD (n = 112, 38.1%) BD (n = 38, 12.9%) p-Value

Age, years, median (IQR) (min, max) 50a (40, 59) (21, 69) 52a (39, 62) (18–70) 42b (29, 57) (18, 70) 0.042d

Female, n(%) 72 (50.0) 71 (63.4) 25 (65.8) 0.051f

Pain intensity in the previous week (NRS), mean (SD) (min, max) 5.6a (2.0) (2, 9) 5.9a (1.8) (2, 10) 6.7b (1.6) (3, 10) 0.002e

Duration of CLBP, months, median (IQR) (min, max) 120a (42, 264) (3, 624)g 120a (48, 240) (3, 720)h 51b (24, 96) (7, 480)g 0.001d

RMDQ Score, median (IQR) (min, max) 8a (6, 11) (5, 20) 10b (7, 14) (5, 21) 9b (7, 13) (5, 24) 0.002d

Baseline pain intensity (NRS) before commencing spinal bending,
median (IQR) (min, max)

2 (1, 3) (0, 7) 2 (0, 3) (0, 8) 2 (1, 3) (−1, 5) 0.76d

Pain sensitivity (n (%))
1. Average to high temperature and pressure pain sensitivity 39 (27.1) 34 (30.4) 21 (55.3)c 0.024f

2. Average to high pressure pain sensitivity 80 (55.6) 60 (53.6) 13 (34.2)
3. Low temperature and pressure pain sensitivity 25 (17.4) 18 (16.1) 4 (10.5)

Psychological profile (n (%))
1. Low cognitive and affective scores 47 (32.6)c 19 (17.0) 3 (7.9) 0.002f

2. Relatively high cognitive scores, lower affective scores 80 (55.6) 68 (60.7) 25 (65.8)
3. High cognitive and affective scores 17 (11.8) 25 (22.3) 10 (26.3)

Bold values are statistically significant.
a,b Superscripted letters define significantly different subgroups, i.e. results with different letters are significantly different.
c Supercript denotes cell with Pearson’s chi-square > 4, indicating cells contributing to the overall statistically significant chi-square test.

d Kruskal–Wallis one-way analysis of variance.
e Analysis of variance.
f �2 analysis.
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g Missing in one case.
h Missing in two cases.
IP, no increase in pain; UD, unidirectional increase in pain; BD, bidirectional incre

ollowing repeated sagittal spinal bending and pain sensitivity sub-
roups was statistically significant (p = 0.014, Table 1), with higher
han expected frequencies observed for those with BD and average
o high temperature and pressure pain sensitivity. The univariable
ssociation between differing pain provocation responses follow-
ng repeated sagittal spinal bending and psychological subgroups

as statistically significant (p = 0.002, Table 1), with higher than
xpected frequencies observed for those with NIP and low cognitive
nd affect scores.

Table 2 presents the associations between differing pain provo-
ation responses following repeated sagittal spinal bending and
ain sensitivity subgroups, adjusted for psychological subgroup
embership, and vice versa, estimated using a multinomial logis-

ic regression model. This model was also adjusted for potential
onfounding by age and sex (Table 1). A fully saturated model esti-
ating pain sensitivity*psychological subgroup interaction could

ot be estimated due to cells from this three-way association hav-
ng very low frequency or no observations. The results from Table 2

how that average to high temperature and pressure pain sensitiv-
ty was significantly associated with BD pain provocation following
epeated bending when referenced to either NIP or UD (p-value
.012 and 0.026 respectively) after adjusting for psychological

ig. 1. Flow chart showing three groups of varying responses following repeated
pinal bending (numbers and percentages of participants).
pain; NRS, numeric rating scale; RMDQ, Roland Morris Disability questionnaire.

subgroup membership, age and sex. In addition, low cognitive and
affective scores were significantly associated with NIP when ref-
erenced to either UD or BD pain provocation following repeated
bending (p-value 0.003 and 0.019 respectively), after adjusting
for pain sensitivity subgroup membership, age and sex. However,
estimates of group contrasts had wide confidence intervals and
associations although significant were not strong, with the pseudo
R2 of the overall model (0.071) only improving by 0.048 over a
model with gender and age alone (0.023).

A sensitivity analysis was conducted to determine whether
inclusion or exclusion of participants with ameliorative responses
significantly altered the results of this study. This was not the case.
For example, when participants with ameliorative pain responses
were excluded from analysis the relative risk ratio (95% CIs) for pain
sensitivity, UD vs. NIP, cluster 1 vs. 3 was 0.86 (0.37–2.03); while
for age, BD vs. NIP it was 0.98 (0.95–1.00) (Table 2).

5. Discussion

5.1. Provocative pain responses following repeated spinal bending

This large CLBP study considered directional pain provocation
responses following a standardised protocol of repeated sagittal
plane bending utilising a data-driven approach The majority of
previous reports of directional patterns of pain amelioration and
provocation that included subjects with CLBP have been based
more upon clinical examination and judgement rather than stan-
dardised testing [11,12,14,16,37,38], possibly introducing bias [8].

Pain intensity prior to movement was similar across subgroups,
indicating this was unrelated to pain provocation responses fol-
lowing repeated movement. The proportion of participants (10.9%)
demonstrating pain amelioration with repeated spinal bending,
is less than reported in a recent systematic review of centralisa-
tion and directional preferences [39]. This may reflect differences
in subjects’ pain duration (acute/sub-acute LBP vs. CLBP) [39], the
movement testing procedures utilised (only undertaken in stand-

ing in this study) [1], and/or use of a minimum two-point change
in pain intensity for deriving subgroups in the current study.

The NIP subgroup has not been previously described. Pre-
vious studies have reported participants with a bidirectional
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Table 2
Relative risk ratios (95% CIs) for multivariable association of pain sensitivity cluster and psychological cluster membership with movement subgroups adjusted for age and
gender.

UD vs. NIP BD vs. NIP BD vs. UD

Pain sensitivity 0.843a 0.012a 0.026a

1 vs. 3 0.93 (0.42–2.08) 2.32 (0.67–8.02) 2.49 (0.71–8.71)
2 vs. 3 0.82 (0.40–1.72) 0.67 (0.19–2.37) 0.82 (0.23–2.91)
1 vs. 2 1.13 (0.62–2.04) 3.44 (1.51–7.86) 3.05 (1.36–7.00)
Psychological profile 0.003a 0.019a 0.448a

2 vs. 1 2.35 (1.24–4.46) 5.42 (1.50–19.58) 2.30 (0.61–8.73)
3 vs. 1 4.08 (1.75–9.47) 7.29 (1.71–31.12) 1.79 (0.41–7.79)
3 vs. 2 1.73 (0.85–3.54) 1.34 (0.52–3.50) 0.78 (0.11–1.64)

Age (yrs) 1.01 (0.99–1.03) 0.98 (0.95–1.00) 0.96 (0.37–1.93)
Female sex 1.90 (1.11–3.25) 1.61 (0.72–3.61) 0.85 (0.37–1.93)

Bold values are statistically significant.
Pain sensitivity clusters: (1) Average to high temperature and pressure pain sensitivity; (2) average to high pressure pain sensitivity; (3) low temperature and pressure pain
s
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sychological clusters: (1) Low cognitive and affect scores; (2) relatively high cognit
a Overall group contrast p-value.

mprovement in symptoms [2] or no change in pain distribution
14,16–18] with repeated movements, but this does not appear
nalagous to the NIP subgroup. The results of this study are also
n contrast with studies where pain responses following repeated
agittal spinal bending were assumed to be homogeneous, report-
ng increased pain intensity with repeated movements [23,35].
he proportion of participants with NIP is substantial, potentially
eflecting methodological differences. Stipulation of the MCID for
ain intensity of 2-points as the cut-off for subgrouping, such that
eople with <2-point increase in pain intensity were classified as
IP, could have a significant influence on subgrouping. The bending

asks utilised in this study did not involve external loads in addition
o body weight, such that people subgrouped as NIP may have been
ubgrouped differently under greater load [35]. Also, participants
ere deliberately not instructed to move in a standardised man-
er, allowing various movement strategies including protective
ehaviours. While the frequency of protective behaviours was not
ifferent across subgroups, we cannot exclude that this subgroup
ay have adopted movement strategies perceived as effective in

educing pain provocation. Finally, while this subgroup did not
eport increased pain following every five repetitions, they may
ave experienced increased pain during movement, or a latent
xacerbation, that was unrecorded.

NIP was associated with statistically significantly lower levels
f disability, however the magnitude of the differences may not be
linically-important (Table 1) [40]. The centralisation phenomenon
where spinal loading, possibly including repeated movements
auses progressive, distal-to-proximal abolition of pain [1]), is gen-
rally associated with improved outcomes (and vice versa) [39].
directional preference (where a particular direction of repeated
ovement improves symptoms, and vice versa [1]) appears to be a

ignificant treatment effect modifier for directional exercise inter-
entions [39]. No studies have shown that people with CLBP and
IP following repeated spinal bending have lower disability levels,
r have a different prognosis with regard to disability than those
ith increased pain following repeated movement.

The BD subgroup was associated with statistically significantly
igher pain intensity, however the magnitude of the differences
ay not be clinically-important (Table 1) [36]. Subjects in the BD

ubgroup were younger and had a longer duration of CLBP than
he other subgroups. These associations have not been examined
reviously, and the implications of this finding in terms of different
utative mechanisms are unclear.
These subgroups should be considered in light of strengths and
imitations of the methodology in the study. Forward and back-

ard bending were chosen because previous manuscripts have
eported variable responses to these movements in people with
res; (3) high cognitive and affect scores.

CLBP [2–5]. However, other movements such as side bending or
rotation, may also have provoked pain responses, had they been
examined. Further, examination of movement patterns previously
associated with directional pain responses [41] were not examined.
Inclusion criteria required participants having dominant LBP [27],
minimizing the likelihood of radiculopathy which may also have
influenced our findings compared to previous studies.

5.2. Provocative pain responses following repeated spinal
bending and their relationship to pain sensitivity clusters

The examination of pain sensitivity in subgroups with differ-
ing provocative pain responses following repeated sagittal spinal
bending was a novel feature of this study. BD was associated with
greater relative risk ratios for average to high temperature and
pressure pain sensitivity, after adjusting for psychological profile,
age and sex (Table 2). This equated to those with BD having more
than three times the risk of having average to high temperature and
pressure pain sensitivity compared to those with NIP or UD. Since
self-reported pain intensity may not be considered to have reached
a clinically important difference between the subgroups, this study
suggests that future investigations should consider the associa-
tion between pain responses following repeated movements and
pain sensitivity. Combined with elevated pain sensitivity, mul-
tidirectional pain responses to movement have previously been
postulated to indicate an increased contribution of central pain
mechanisms to the disorder [22,42].

5.3. Provocative pain responses following repeated spinal
bending and their relationship to psychological clusters

The examination of psychological clusters in subgroups with dif-
fering provocative pain responses following repeated sagittal spinal
bending, is another novel feature of this study. NIP was associ-
ated with greater relative risk ratios for low cognitive and affective
psychological scores (Table 2), after adjusting for pain sensitivity,
age and sex. Those with NIP were 2.4–7.2 times more likely to
have a more positive psychological cluster membership, than those
with UD or BD. Given the cross sectional nature of this study, the
direction of this relationship is not known, however, it suggests an
interaction between psychological distress and provocative pain

responses to movement [43,44]. This is consistent with a previ-
ous report that fear of movement, which was significantly different
across the three psychological clusters [25], is positively associated
with pain intensity following a repeated lifting task [35].
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. Implications

While this study documented relationships between directional
rovocative pain responses following repeated spinal bending
ovements and pain sensitivity and psychological profiles, these

elationships were not strong (Table 2). A BD provocative pain
esponse does not predict with confidence that a person will have
igh psychological scores or elevated pain sensitivity, highlight-

ng the danger of making clinical decisions on the basis of a single
xamination finding alone. This highlights the need for a flexible
ultidimensional framework which guides careful and system-

tic consideration of the relative contribution of multiple relevant
actors when assessing and managing an individual with CLBP [5].

Assessment of pain responses following repeated movement
as been advocated to help inform movement-based and tar-
eted management [1]. Numerous studies have examined exercise
nterventions targeting directional, movement-based subgroups in
eople with CLBP. However, targeted management of this type
as not demonstrated superiority to unmatched (exercises deemed
ppropriate for a different directional subgroup) or control, gen-
ralised exercise treatments [11,45–48]. Suboptimal outcomes in
hese studies may reflect limited consideration of broader multi-
imensional clinical profiles associated with the LBP presentation.
here is early evidence that an intervention targeting broader mul-
idimensional profiles alongside directional, functional movement
etraining may show greater improvements in pain and disability
han ‘one size fits all’ guideline based care [38].

For people with NIP, the lack of pain provocation following
epeated spinal bending, in combination with a favourable psycho-
ogical profile, suggests this subgroup may have fewer barriers to
unctional rehabilitation. In contrast, the BD subgroup may require
pecific interventions targeting increased pain sensitivity and neg-
tive psychological cognitions and affect, as these may be may be
mportant barriers to functional rehabilitation.
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