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ABSTRACT

Background: There is considerable interest in the role that disturbance of body-perception
may play in long standing pain problems such as chronic low back pain (CLBP), both as a
contributor to the clinical condition and as a potential target for treatment. In some chronic
pain conditions body-perception has been investigated using self-report questionnaires. There
is currently no questionnaire for assessing body-perception in people with CLBP.

Objective: To describe the development of a back-specific body-perception questionnaire
and examine the psychometrics of this new scale.

Methods: Based on available evidence a back-specific body-perception questionnaire was
developed. Fifty-one people with CLBP and an equal number of healthy controls completed
the questionnaire; a subset of the patient population completed the questionnaire again one-
week later. Scale-consistency and test-retest reliability were investigated on the patient
sample. Validity was investigated by comparing responses between patients and controls as
well as exploring the relationship between the questionnaire and important clinical
characteristics.

Results: All but one of the patients endorsed items on the questionnaire, which suggests that
distorted body-perception may exist in this population. The internal-consistency and test-
retest reliability of the scale appear acceptable. The discriminative validity of the
questionnaire is supported by the marked differences in the questionnaire responses between
patients and healthy controls and the construct validity by the significant association between
the questionnaire score and important clinical variables.

Conclusion: Symptoms of body-perception distortion were endorsed by most CLBP patients,
while these symptoms are very infrequent amongst healthy controls. Our results suggest the

guestionnaire has reasonable psychometric properties.
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1. INTRODUCTION

The feelings we have of our own body, termed here body-perception, are disrupted in some
persistent pain problems [1-3]. In complex regional pain syndrome (CRPS) type 1, for
example, the painful limb feels bigger than it really is [4] and motor imagery of the affected
limb is disrupted [5, 6]. Neuroimaging shows reorganisation of cortical areas thought to
subserve perception of the painful limb [7] and psychophysical findings consistent with
disruption of the mechanisms that underpin body-perception are also apparent. This includes
reduced tactile acuity [8], mislocalisation of tactile stimuli [9-11], impaired proprioception
[12] and prioritisation of tactile processing away from the affected side, similar to that
observed in spatial neglect post-stroke [13]. In addition, there is emerging evidence that
therapeutic approaches aimed at normalising body-perception may be effective in the
management of CRPS [14-17]. Moreover, it seems that as the condition improves both

cortical reorganisation and correlates of body-perception are normalised [18].

People with chronic low back pain (CLBP) display similar characteristics. There is
substantial evidence of changes in the brain [19], including findings of potential degeneration
[20-24], reorganisation [25-28] and altered neurochemistry [29, 30] in key somatosensory
and motor areas. There is also mounting evidence of perceptual dysfunction from
psychophysical studies in this population. People with CLBP have reduced lumbar tactile
acuity [31, 32] poor graphaesthesia performance over the back [32], difficulties localising
tactile stimuli delivered to the back [33], lumbar proprioceptive deficits [34-39], reduced
trunk motor-imagery performance [40], spatially defined tactile processing deficits [41] and
altered perceived size and awareness of the back [42]. In addition, recent exploratory data
suggests that treatment explicitly aimed at improving self-perception may improve the

symptoms of CLBP [43].



In CRPS, perception of the painful limb has been investigated using self-report
questionnaires [44-46]. We were interested in exploring if CLBP patients also endorsed
symptoms consistent with impaired self-perception of the back. To this end a questionnaire,
the Fremantle Back Awareness Questionnaire (FreBAQ), was developed. This paper

describes the questionnaire development and the results of preliminary psychometric testing.

2. METHODS

2.1. Development of the Fremantle Back Awareness Questionnaire (content validity)
Galer and Jensen [44] developed a five-item questionnaire designed to assess for the presence
of ‘neglect like’ symptoms of the painful limb in patients with CRPS. Although series of
univariate was very low, 84% of those who did respond endorsed the presence of at least one
‘neglect like’ symptom, and 47% responded in a manner consistent with both cognitive and
motor ‘neglect’. Frettloh et al. [45] modified the original questionnaire from a dichotomous
scale to a six-point Likert scale and examined patients with CRPS as well as a cohort of
patients with chronic limb pain of other origins. Data were collected from the entire cohort
and a similar proportion of CRPS patients endorsed at least one of the ‘neglect like” items. In
addition, they found a significant relationship between total score and pain intensity for both
CRPS and non-CRPS patients. Though the statements used in these questionnaires were
based on the clinical experiences of the authors of the original paper [44], several of the items

have been validated by subsequent qualitative studies [11, 47].



The initial development of the FreBAQ was based on the Galer and Jensen [44]
questionnaire. Iltem-two ‘My painful limb feels as though it is not part of the rest of my body’
item-three ‘I need to focus all my attention on my painful limb to make it move the way I want
it to’ and item-four ‘my painful limb sometimes moves involuntarily, without my control’
from the Galer and Jensen [44] questionnaire were included in the FreBAQ, although they
were modified to read ‘back’, rather than ‘painful limb’. A previous qualitative study
involving people with CLBP [48] provided support for the inclusion of these three
statements. Subjects in this study [48] described feelings of exclusion, alienation and
rejection of the painful part of the body. Furthermore, a common theme was one of
powerlessness in terms of controlling the back. The back was described as no longer easy to
control, requiring more effort to control or was unable to be controlled automatically. The
remaining two items from the Galer and Jensen [44] questionnaire were felt not to be

pertinent to the lumbar spine so they were not included in the FreBAQ.

Reduced proprioceptive acuity is well established in people with CLBP [34-39]. Specifically,
it appears that the ability to detect motion of the lumbar spine is impaired [36, 38] and people
with CLBP have a greater repositioning error rate than healthy controls [34, 35, 37, 39],
(though see [49, 50]). The statement, ‘when performing everyday tasks, I don’t know how my
back is moving’ was included to capture problems with motion perception and the statement
‘when performing everyday task, I am not exactly sure what position my back is in space’ t0

explore problems with repositioning.

Finally, a study investigating body perception in a small sample of subjects with CLBP found
that patients had trouble delineating the full outline of their trunk - some reported that the

back felt like it had shrunk and there was a tendency for the perception of midline to be



shifted towards the painful side [42]. The remaining items, ‘/ can 't perceive the exact outline
of my back, ‘My back feels like it is enlarged (swollen)’, My back feels like it has shrunk’ and

‘My back feels lopsided (asymmetrical)’ were included to capture these perceptual problems.

When completing the questionnaire, patients were instructed to indicate the degree to which
their back felt that way when they were experiencing back pain. A five-point response scale
(range: 0 = ‘never’ up to 4 = ‘always’) was used to enable quantitative assessment of any

reported symptoms, the final score was obtained by summing the responses from each of the
nine items such that the total score could range from zero to 36. A draft of the questionnaire
was reviewed by an expert in the area and piloted on a small number of patients with CLBP.

Minor grammatical changes were made following this process.

2.2. Testing of the Questionnaire

2.2.1. Study Participants

Fifty-one CLBP patients were recruited as part of two experiments exploring the effect of
visual-feedback [51] and tactile discrimination training [52] on movement-related back pain.
The sample-size was determined by the power calculations for these two experiments.

Eligibility criteria can be found elsewhere [51].

Fifty-one healthy volunteers were drawn from University staff, their family and friends.
Control subjects were eligible if they were currently LBP free, reported no back pain at all in
the last six-months, had not experienced any episode of LBP sufficient to restrict work or
leisure within the last two-years, were proficient in written and spoken English and were able

to provide written consent. Control subjects were excluded if they were pregnant or less than



six-months post partum or had any significant spinal deformity, uncorrected visual

impairment or extant medical condition.

2.2.2. Procedure

The patient population provided basic demographic and clinical data and completed a set of
standardized questionnaires. Disability was measured using the Roland Morris Disability
Questionnaire [53]. Back pain intensity was measured using a 0-100 visual analogue scale in
the visual-feedback study and a 0-10 numerical rating scale (NRS) in the tactile
discrimination study, both anchored with the same descriptors. The NRS data was multiplied
by 10 to allow us to combine pain intensity data from both cohorts. Pain-related
catastrophization was assessed using the Pain Catastrophizing Scale [54], kinesiophobia
using the Tampa Scale of Kinesiophobia [55] and depressive symptoms and anxiety using
The Hospital Anxiety and Depression Scale (HADS) [56] or the Distress Anxiety Stress
Scales (DASS) [57]. To combine depression and anxiety (HADS and DASS) scores from the
two studies participants were trichotomized as normal/possible/probable anxiety and
normal/possible/probable depression using previously published cut points for the two scales

[57, 58]. Additionally, patients completed the FreBAQ.

The reliability of the FreBAQ was assessed on the twenty-six patients participating in the
visual-feedback experiment. At the completion of testing, participants were given a take-
home copy of the FreBAQ and were asked to fill out and post the questionnaire one-week
later. Participants who failed to return the follow-up questionnaire were given a reminder
call. Follow-up data from patients who failed to return their questionnaire after three calls

was coded as missing.



The control population provided the same demographic information, completed the HADS
[56] and the FreBAQ. The instructions used when filling out the FreBAQ read ‘please
indicate the degree to which your back feels this way today’. The study protocol received
institutional ethical approval, all participants provided informed consent and all procedures

conformed to the Declaration of Helsinki.

2.3. Data Analysis

2.3.1. Sample characteristics and questionnaire response

All analyses were undertaken using PASW for Windows version 18 (SPSS, Chicago IL,
USA) or Stata/IC 10.1 for Windows (Statacorp LP, College Station TX). The demographic
and clinical profile of participants were summarised with means and standard deviations for
continuous data and ratios and percentages for categorical data. The FreBAQ was
summarised with range, median, mean and standard deviation measures reported for the total
score. The frequencies in each response category were also reported for the patient
population. Patients were described as having not endorsed an item if they indicated never;

all other response categories were regarded as item endorsement.

2.3.2. Internal Consistency
The internal-consistency of the scale was assessed using Cronbach’s alpha. In addition, inter-
item correlations and item-rest correlations (correlation of each item with the scale total

constructed from the remaining items) were calculated.

2.3.3. Validity
Discriminant validity was examined by comparing the total score between patients and

healthy controls using the non-parametric Mann-Whitney test. We explored construct validity
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by investigating the relationship between FreBAQ total score and elements of the patient
profile [59]. A series of univariate correlations was performed examining the relationships
between FreBAQ total score and, symptom duration, pain intensity, disability, anxiety,
depression, kinesiophobia and pain catastrophization. Plots were inspected for linearity of
associations and outlying data-points and Spearman’s rho used as an alternative to Pearson’s

correlation coefficient where appropriate.

2.3.4. Test-retest reliability

The test-retest reliability was determined by correlating the subject’s initial total score with
their score one week later. Intraclass correlation coefficients (ICC) were calculated for both
the level of agreement and degree of correspondence between the two sets of scores [60].
Independent t-tests and Chi-Square tests were performed to determine if there were any
significant differences in baseline profile between patients who returned their follow-up

questionnaire and those who did not.

3. RESULTS
3.1 Sample characteristics
Table 1 provides a summary of the demographic characteristics and clinical profile of all

participants.

3.2 Item endorsement.
Table 2 provides a full description of the frequency of response for each item for the patient
group. Fifty of 51 (98%) CLBP patients endorsed some level of distortion in self-perception,

with only one subject recording zero for all items. All nine items were endorsed at some level
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by patients, though the reported frequency differed across items. Items two, seven and nine
were the most strongly endorsed. Over a quarter of CLBP patients indicated that these items
were true often or always, with less than 30% indicating their back never felt that way when

painful.

In contrast items five and eight were the most weakly endorsed, with over 80% of patients
indicating these items were never or rarely true. The skewness of items ranged from a

minimum of -0.3 (item-nine) to a maximum of 1.89 (item-eight).

3.3. Internal-Consistency

Cronbach’s Alpha for the total scale was 0.777, which is above 0.7, indicating that the scale
can be considered internally consistent within our sample, and below 0.9, suggesting that
none of the items are redundant [59], though the deletion of item-nine increased alpha by
0.030, suggesting a potential for item-nine to be capturing a slightly different facet of
distorted perception than the remaining items. Inter-item correlations ranged from 0.269 to

0.731, and item-rest correlations ranged from 0.119 (item-nine) to 0.616 (item-two).

3.4. Validity

Patients scored significantly higher on the FreBAQ than healthy controls (Mann-Whitney
test, p <0.001, median difference = 11). In the patient group, the FreBAQ total score ranged
from 0-26, the median score was 11 and the mean 10.8, whilst in the control group the total

score ranged from 0-6, the median score was 0 and the mean 0.5.

The correlations between clinical characteristics and the FreBAQ score can be found in Table

3. Duration or LBP (p =0.357), Pain intensity (r = 0.400), disability (r =0.365) and pain
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related catastrophization (r = 0.408) were all significantly correlated with total FreBAQ
score, while the trichotomised anxiety (p =0.031) and depression scores (p =0.149) were not.

Kinesiophobia demonstrated borderline non-significance (r = 0.271, p= 0.054)

3.5. Test-retest reliability

Of the 26 patients included in the reliability study, seven did not return the second
questionnaire. No significant differences between responders and non-responders were found
for gender, age, chronicity, pain intensity, disability, depression, pain catastrophization or
FreBAQ total score (data not shown). However, six of the seven (85.7%) non-responders
reported using opioids, which was a larger proportion than that of the responders (26.3%;
Fishers exact test, p=0.021). The mean value of FreBAQ for the 19 patients with repeat
measures was 11.2 (sd 5.7) at baseline and 12.9 (sd 6.8) one week later, this difference was
not statistically significant (p=0.145). The ICC,, (i.e. two-way random effect model with
single measures) for agreement was 0.652 (95% CI: 0.307-0.848), and for consistency 0.667

(95% CI: 0.317-0.857).

4. DISCUSSION

This paper describes the development and basic psychometric properties of the FreBAQ, a
multi-item, self-report questionnaire designed to quantify distorted perception of the back.
Based on these preliminary findings, CLBP patients frequently endorse symptoms consistent
with impaired self-perception of the back. The test-retest reliability and internal-consistency
of the FreBAQ appear acceptable, although further testing on a larger consecutive sample is
required to confirm these findings, and the potential for item-nine to be representative of a

separate construct needs more consideration. The validity of the questionnaire is supported by
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the marked difference in the questionnaire responses between patients and healthy controls as
well as the relationships demonstrated between the total score and important clinical
variables. The questionnaire was quick and easy to administer and was generally completed
with little difficulty, although a number of subjects reported trouble in interpreting question
five (‘when performing everyday task, I am not always sure where my back is in space’).
This feedback has led to modification of the question to now read ‘when performing everyday
tasks, | am not sure exactly what position my back is in’. The current version of the FreBAQ

can be found in the Appendix.

Items two, nine and seven were particularly commonly endorsed. Seventy-eight percent of
subjects endorsed item-two, ‘I need to focus all my attention on my back to make it move the
way I want it to’, which Galer and Jensen [44] described as a symptom of motor ‘neglect’.
This figure is somewhat higher than the 56% endorsement observed by Galer and Jensen [44]
in CRPS patients and the 60.5% found in non-CRPS pain patients [45], but it is similar to
data from CRPS patients in the study by Frettloh et al. [45]. Motor deficits are commonly
found in patients with CLBP [61, 62]. One consistent feature seems to be decreased
activation of local back muscles, [62, 63] and there is some evidence that corticospinal drive
to trunk muscles might be reduced [28, 64]. In addition, CLBP patients demonstrate
considerable slowness of movement [65, 66]. It is possible that altered self-perception of the
back, particularly motor ‘neglect’, contributes to these motor impairments, an idea supported
by the close relationship seen between lumbar tactile acuity and lumbar spine motor control
tests [31]. While the symptom of motor ‘neglect” was common, the cognitive ‘neglect’ item,
‘my back feels as though it is not part of the rest of my body’ was endorsed by only 51% of
the CLBP population, somewhat lower than the 60% [44] and 63% [45] seen in the CRPS

population.
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Item-seven, ‘my back feels like it is enlarged (swollen) * was endorsed by 73% of patients.
Qualitative research supports the presence of a distorted mental image of the painful of limb
in CRPS [47], and empirical data show that CRPS patients perceive the affected limb to be
larger than it really is [4]. The limited evidence that is available in the CLBP population
suggested that back pain patients might perceive the back to be smaller than it is [42]. In this
study two out of six patients remarked, during a body-awareness task, that they felt like their
back had shrunk, while it appears that none reported that it felt enlarged. However, in our
sample item-eight ‘my back feels like it has shrunk’ was the symptom endorsed the least, with
only 31% of participants agreeing with this statement and only four subjects indicating their
back felt that way when painful often or always. The reasons for this finding are not clear. It
may be a reflection of the small sample size in the Moseley [42] study or a feature of the
different inclusion criteria. Participants in our study were only included if the referring
clinician felt they were suitable for performance of a repeated movement assessment, which
may have lead to the exclusion of more distressed or more severely affected subjects.
Alternatively, the feeling that the back has shrunk may relate specifically to performance of
the task in the Moseley study [42] and may not be readily experienced outside of that task. It
seems reasonable to suggest that the high level of endorsement of item-seven may in part be
shaped by social conditioning. That is, the idea that painful areas are swollen is a strong
social expectation and therefore subjects may agree with this statement because they think

this is how their back should be rather than how they actually perceive their back to be.

Item-nine ‘my back feels lopsided (asymmetrical) * was the most consistently endorsed
symptom, though this finding should be interpreted with some care as our results suggest that

item-nine may be capturing a slightly different facet of distorted perception than the
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remaining questions. Eighty-eight percent of subjects agreed with this statement and 47%
reported that their back felt like this often or always. This finding is partly consistent with the
results of the Moseley [42] study in which four of the six subjects drew the midline of their
back as displaced towards the painful side, with the two patients whose pain was bilateral not
demonstrating this finding. CRPS patients with unilateral upper-limb pain demonstrate an
altered perception of body-midline towards the affected side [67] and a tactile stimulus
delivered to the affected side is given less weight by the brain regardless of whether the
stimulus is delivered to the affected limb or the unaffected limb crossed-over to the affected
side [13]. Furthermore, a similar spatially-defined disruption of tactile processing has also
been observed in people with unilateral back pain — when tactile stimuli were delivered to
either hand and the hands were held near the back, the stimulus delivered to the hand that was
held on the healthy side was given more weighting than stimulus delivered to the hand held
on the painful side [41]. Seventy-six percent of the current sample had a dominant side to
their pain and all but four reported feeling lopsided. However, 10 of 12 subjects who
described their pain as bilateral and equal also reported feeling lopsided. That there are
reports of pelvic and lower-limb asymmetries in both pain-free individuals [68-71] and LBP
patients [68, 70, 71], suggests that physical discrepancies are unlikely to fully explain the
perceptual distortions observed here, although we cannot rule that out. It is possible that
reports of feeling lopsided are also influenced by social learning as many common clinical
models of LBP involve identifying positional misalignments of the pelvis or vertebrae as
causative factors, propagating the idea that something is ‘out of place’ [72]. Such models
seem to have little empirical basis (see for example [73]), but their acceptance by patients

may reflect a common perceptual effect.
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Recent models of pain characterise the pain experience as an emergent property related to the
perception that the body is under threat and in need of protection [74]. If this is the case,
exploration of patient’s beliefs about their body would seem an important issue. Numerous
studies have investigated the cognitive perceptions that patients have of their problem,
including beliefs about the origin of their symptoms, ways of managing and coping with the
problem, the impact of work and activity on their problem, and the likely outcome of their
problem [75, 76]. Broadly, it appears that negative beliefs about back pain are associated with
worse outcome [76]. The current study is the first to quantify perception of the back itself.
The significant correlations we found between the FreBAQ score and disability and pain
intensity suggest that distorted self-perception may also be associated with poor outcome,

though longitudinal data is needed to further investigate this suggestion.

There are several hypotheses as to why distorted body-perception may negatively impact on
clinical outcome. Poor awareness, motor ‘neglect” and difficulty controlling the back may
lead to abnormal loading of the spine and contribute to the maintenance of peripheral
nociceptive input [77]. Peripheral tissue health may also be adversely affected by a distorted
body-perception. Experimental disruption of body-awareness can alter tissue temperature
[78], and histamine reactivity [79] in healthy volunteers and swelling in people with CRPS
[80], suggesting possible top-down disruption of the normal homeostatic control of the body
part. Furthermore, altered awareness and neglect-like dysfunction of the painful part may
mean that any sensory input from the area, noxious or non-noxious, is perceived as abnormal
and threatening thereby enhancing or creating the experience of pain [74]. It has also been
argued that movement related pain may arise as a result of incongruence between predicted
and actual proprioceptive feedback, by virtue of disrupted body maps [81, 82]. Indeed, there

is a growing body of data that supports the idea of a cortical body-matrix that integrates
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motor, proprioceptive and homeostatic control with somatotopic and spatial representation of
the body and peripersonal space [3]. Experimental data that suggest disrupting perceptual
representation of the body can modulate tissue regulation and pain [3, 83] lends weight to this
proposal, as does emerging evidence that treatments which aim to normalise self-perception
appear to reduce pain and disability in people with a variety of chronic pain conditions [14-
16, 43, 84-86]. Clearly, a simple and accurate method with which to evaluate perceptual

distortion of the back is timely.

There are some limitations to the current investigation. The sample size is small, which limits
its generalisability and precludes a number of important steps in the validation of a new scale,
for example factor and/or Rasch analysis. The use of a convenience sample and the exclusion
criterion also impact on the generalisability of the findings to the wider CLBP population,
particularly as only subjects who were deemed by the referring clinician as suitable for a
repeated-movement assessment were included. Furthermore, there are no gold standard
measures of body-perception, so the criterion related validity of the scale is currently
unknown. Finally, while the control and patient samples are well matched for age and gender
and near identical for height and weight, we did not match for level of physical activity and

this may impact on the results presented here.

5. CONCLUSION

This paper outlines the development of a questionnaire designed to assess back specific self-
perception in people with CLBP. Symptoms of body-perception distortion were endorsed by
most CLBP patients, but rarely by healthy controls. Our current results suggest that the
guestionnaire has sound psychometric properties, however, validation of any new

questionnaire is a cumulative process and the findings of this preliminary investigation
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should be interpreted cautiously. Further testing of the questionnaire is required on larger and
more diverse patient populations and emerging data may require further modification to the

current questionnaire.

19



Acknowledgements: We would like to thank Jemma Keeves, Verity Tulloch, Lorimer
Moseley, Mark Catley and staff of the pain and neurosurgical clinics at The Sir Charles

Gairdner Hospital as well as the subjects who participated in this study.

Funding sources: No funds were received in support of this work. No benefits in any form
have been or will be received from a commercial party related directly or indirectly to the

subjects of this manuscript.

Conflict of interest: None declared

20



REFERENCES

[1]. Lotze M, Moseley GL. Role of distorted body image in pain. Current Rheumatology
Reports. 2007;9(6):488-96.

[2]. Swart CM, Stins JF, Beek PJ. Cortical changes in complex regional pain syndrome
(CRPS). European Journal of Pain. 2009;13(9):902-7.

[3]. Moseley GL, Gallace A, Spence C. Bodily illusions in health and disease:
physiological and clinical perspectives and the concept of a cortical '‘body matrix'.
Neuroscience And Biobehavioral Reviews. 2012;36(1):34-46.

[4]. Moseley GL. Distorted body image in complex regional pain syndrome. Neurology.
2005;65(5):773.

[5]. Moseley GL. Why do people with complex regional pain syndrome take longer to
recognize their affected hand? Neurology. 2004;62(12):2182-6.

[6]. Reinersmann A, Haarmeyer GS, Blankenburg M, Frettloh J, Krumova EK,
Ocklenburg S, et al. Left is where the L is right. Significantly delayed reaction time in limb
laterality recognition in both CRPS and phantom limb pain patients. Neuroscience Letters.
2010;486(3):240-5.

[7]. Marinus J, Moseley GL, Birklein F, Baron R, Maihéfner C, Kingery WS, et al.
Clinical features and pathophysiology of complex regional pain syndrome. The Lancet
Neurology. 2011;10(7):637-48.

[8].  Pleger B, Ragert P, Schwenkreis P, Forster AF, Wilimzig C, Dinse H, et al. Patterns
of cortical reorganization parallel impaired tactile discrimination and pain intensity in
complex regional pain syndrome. Neuroimage. 2006;32(2):503-10.

[9]. McCabe CS, Haigh RC, Halligan PW, Blake DR. Referred sensations in patients with

complex regional pain syndrome type 1. Rheumatology. 2003;42(9):1067-73.

21



[10]. Maihofner C, Neundorfer B, Birklein F, Handwerker HO. Mislocalization of tactile
stimulation in patients with complex regional pain syndrome. Journal Of Neurology.
2006;253(6):772-9.

[11]. Forderreuther S, Sailer U, Straube A. Impaired self-perception of the hand in complex
regional pain syndrome (CRPS). Pain. 2004;110(3):756-61.

[12]. LewisJS, Kersten P, McPherson KM, Taylor GJ, Harris N, McCabe CS, et al.
Wherever is my arm? Impaired upper limb position accuracy in Complex Regional Pain
Syndrome. Pain. 2010;149(3):463-9.

[13]. Moseley GL, Gallace A, Spence C. Space-based, but not arm-based, shift in tactile
processing in complex regional pain syndrome and its relationship to cooling of the affected
limb. Brain: A Journal Of Neurology. 2009;132(Pt 11):3142-51.

[14]. Moseley GL. Graded motor imagery is effective for long-standing complex regional
pain syndrome: a randomised controlled trial. Pain. 2004;108(1-2):192-8.

[15]. Moseley GL. Graded motor imagery for pathologic pain: a randomized controlled
trial. Neurology. 2006;67(12):2129-34.

[16]. Moseley GL, Zalucki NM, Wiech K. Tactile discrimination, but not tactile stimulation
alone, reduces chronic limb pain. Pain. 2008;137(3):600-8.

[17]. McCabe CS, Haigh RC, Ring EFJ, Halligan PW, Wall PD, Blake DR. A controlled
pilot study of the utility of mirror visual feedback in the treatment of complex regional pain
syndrome (type 1). Rheumatology. 2003;42(1):97-101.

[18]. Pleger B, Tegenthoff M, Ragert P, Forster A, Dinse HR, Schwenkreis P, et al.
Sensorimotor returning in complex regional pain syndrome parallels pain reduction. Annals

of Neurology. 2005;57(3):425-9.

22



[19]. Wand BM, Parkitny L, O’Connell NE, Luomajoki H, McAuley JH, Thacker M, et al.
Cortical changes in chronic low back pain: current state of the art and implications for
clinical practice. Manual Therapy. 2011;16(1):15-20.

[20]. Schmidt-Wilcke T, Leinisch E, Ganssbauer S, Draganski B, Bogdahn U, Altmeppen
J, et al. Affective components and intensity of pain correlate with structural differences in
gray matter in chronic back pain patients. Pain. 2006;125(1-2):89-97.

[21]. Seminowicz DA, Wideman TH, Naso L, Hatami-Khoroushahi Z, Fallatah S, Ware
MA, et al. Effective Treatment of Chronic Low Back Pain in Humans Reverses Abnormal
Brain Anatomy and Function. Journal of Neuroscience. 2011;31(20):7540-50.

[22]. Baliki MN, Petre B, Torbey S, Herrmann KM, Huang L, Schnitzer TJ, et al.
Corticostriatal functional connectivity predicts transition to chronic back pain. Nature
Neuroscience. 2012;15(8):1117-9.

[23]. Baliki MN, Schnitzer TJ, Bauer WR, Apkarian AV. Brain Morphological Signatures
for Chronic Pain. Plos One. 2011;6(10):1-13.

[24]. Ruscheweyh R, Deppe M, Lohmann H, Stehling C, Fl6el A, Ringelstein EB, et al.
Pain is associated with regional grey matter reduction in the general population. Pain.
2011;152(4):904-11.

[25]. Flor H, Braun C, Elbert T, Birbaumer N. Extensive reorganization of primary
somatosensory cortex in chronic back pain patients. Neuroscience Letters. 1997;224(1):5-8.
[26]. Lloyd D, Findlay G, Roberts N, Nurmikko T. Differences in Low Back Pain Behavior
Are Reflected in the Cerebral Response to Tactile Stimulation of the Lower Back. Spine.
2008;33(12):1372-7.

[27]. Tsao H, Galea MP, Hodges PW. Reorganization of the motor cortex is associated with
postural control deficits in recurrent low back pain. Brain: A Journal Of Neurology.

2008;131(Pt 8):2161-71.

23



[28]. Tsao H, Daneels L, Hodges PW. Smudging the motor brain in young adults with
recurrent low back pain. Spine. 2011;36(21):1721-7.

[29]. Sharma NK, McCarson K, Van Dillen L, Lentz A, Khan T, Cirstea CM. Primary
somatosensory cortex in chronic low back pain - a H-MRS study. Journal Of Pain Research.
2011;4:143-50.

[30]. Sharma NK, Brooks WM, Popescu AE, VanDillen L, George SZ, McCarson KE, et
al. Neurochemical analysis of primary motor cortex in chronic low back pain. Brain Sciences.
2012;2:319-31.

[31]. Luomajoki H, Moseley GL. Tactile acuity and lumbopelvic motor control in patients
with back pain and healthy controls. British Journal of Sports Medicine. 2011;45(5):437-40.
[32]. Wand BM, Di Pietro F, George P, O’Connell NE. Tactile thresholds are preserved yet
complex sensory function is impaired over the lumbar spine of chronic non-specific low back
pain patients: a preliminary investigation. Physiotherapy. 2010;96(4):317-23.

[33]. Wand BM, Keeves J, Bourgoin C, George PJ, Smith AJ, O’Connell NE, et al.
Mislocalization of sensory information in people with chronic low back pain: A preliminary
investigation. Clinical Journal of Pain. 2013;29(8):737-42.

[34]. Brumagne S, Cordo P, Lysens R, Verschueren S, Swinnen S. The role of paraspinal
muscle spindles in lumbosacral position sense in individuals with and without low back pain.
Spine. 2000;25(8):989-94.

[35]. Gill KP, Callaghan MJ. The measurement of lumbar proprioception in individuals
with and without low back pain. Spine. 1998;23(3):371-7.

[36]. Lee AS, Cholewicki J, Reeves NP, Zazulak BT, Mysliwiec LW. Comparison of
Trunk Proprioception Between Patients With Low Back Pain and Healthy Controls. Archives

of Physical Medicine & Rehabilitation. 2010;91(9):1327-31.

24



[37]. O'Sullivan PB, Burnett A, Floyd AN, Gadsdon K, Logiudice J, Miller D, et al.
Lumbar repositioning deficit in a specific low back pain population. Spine.
2003;28(10):1074-9.

[38]. Taimela S, Kankaanpaa M, Luoto S. The effect of lumbar fatigue on the ability to
sense a change in lumbar position. A controlled study. Spine. 1999;24(13):1322-7.

[39]. Sheeran L, Sparkes V, Caterson B, Busse-Morris M, van Deursen R. Spinal position
sense and trunk muscle activity during sitting and standing in nonspecific chronic low back
pain: classification analysis. Spine. 2012;37(8):E486-95.

[40]. Bray H, Moseley GL. Disrupted working body schema of the trunk in people with
back pain. British Journal of Sports Medicine. 2011;45(3):168-73.

[41]. Moseley GL, Gallagher L, Gallace A. Neglect-like tactile dysfunction in chronic back
pain. Neurology. 2012;79(4):327-32.

[42]. Moseley GL. I can't find it! Distorted body image and tactile dysfunction in patients
with chronic back pain. Pain. 2008;140(1):239-43.

[43]. Wand BM, O'Connell NE, Di Pietro F, Bulsara M. Managing Chronic Nonspecific
Low Back Pain With a Sensorimotor Retraining Approach: Exploratory Multiple-Baseline
Study of 3 Participants. Physical Therapy. 2011;91(4):535-46.

[44]. Galer GS, Jensen M. Neglect-like symptoms in complex regional pain syndrome:
results of a self-administered survey. Journal of Pain & Symptom Management.
1999;18(3):213-7.

[45]. Frettloh J, HUppe M, Maier C. Severity and specificity of neglect-like symptoms in
patients with complex regional pain syndrome (CRPS) compared to chronic limb pain of
other origins. Pain. 2006;124(1-2):184-9.

[46]. Lewis J, McCabe C. Body Perception Disturbance (BPD) in CRPS. Practical Pain

Management. 2010;April:60-6.

25



[47]. LewisJS, Kersten P, McCabe CS, McPherson KM, Blake DR. Body perception
disturbance: A contribution to pain in complex regional pain syndrome (CRPS). Pain.
2007;133(1-3):111-9.

[48]. Osborn M, Smith JA. Living with a body separate from the self. The experience of the
body in chronic benign low back pain: an interpretative phenomenological analysis.
Scandinavian Journal of Caring Sciences. 2006;20(2):216-22.

[49]. Descarreaux M, Blouin JS, Teasdale N. Repositioning accuracy and movement
parameters in low back pain subjects and healthy control subjects. European Spine Journal.
2005;14(2):185-91.

[50]. Asell M, Sj6lander P, Kerschbaumer H, Djupsjébacka M. Are lumbar repositioning
errors larger among patients with chronic low back pain compared with asymptomatic
subjects? Archives of Physical Medicine & Rehabilitation. 2006;87(9):1170-6.

[51]. Wand BM, Tulloch VM, George PJ, Smith AJ, Goucke R, O'Connell NE, et al.
Seeing it helps: movement-related back pain is reduced by visualization of the back during
movement. The Clinical Journal Of Pain. 2012;28(7):602-8.

[52]. Wand BM, Abbaszadeh S, Smith AJ, Catley MJ, Moseley GL. Acupuncture applied
as a sensory discrimination training tool decreases movement-related pain in patients with
chronic low back pain more than acupuncture alone: a randomised cross-over experiment.
British Journal of Sports Medicine. 2013;47(17):1085-9.

[53]. Roland M, Morris R. A study of the natural history of back pain. Part I Development
of a reliable and sensitive measure of disability in low-back pain. Spine. 1983;8(2):141-4.
[54]. Sullivan MJL, Bishop SR, Pivik J. The Pain Catastrophizing Scale: Development and
validation. Psychological Assessment. 1995;7(4):524-32.

[55]. Vlaeyen JW, Kole-Snijders AM, Boeren RG, van Eek H. Fear of movement/(re)injury

in chronic low back pain and its relation to behavioral performance. Pain. 1995;62(3):363-72.

26



[56]. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatrica
Scandinavica. 1983;67(6):361-70.

[57]. Lovibond PF, Lovibond SH. The structure of negative emotional states: comparison
of the Depression Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety
Inventories. Behaviour Research And Therapy. 1995;33(3):335-43.

[58]. Covic T, Cumming SR, Pallant JF, Manolios N, Emery P, Conaghan PG, et al.
Depression and anxiety in patients with rheumatoid arthritis: prevalence rates based on a
comparison of the Depression, Anxiety and Stress Scale (DASS) and the Hospital, Anxiety
and Depression Scale (HADS). BMC Psychiatry. 2012;12:6.

[59]. Portney LG, Watkins MP. Foundations of clinical research: Applications to practice.
2nd Ed. Upper Saddle River: Prentice Hall Health; 2000.

[60]. Weir JP. Quantifying test-retest reliability using the intraclass correlation coefficient
and the SEM. Journal of Strength & Conditioning Research. 2005;19(1):231-40.

[61]. van Dieen J, Selen LPJ, Cholewicki J. Trunk muscle activation in low-back pain
patients, an analysis of the literature. Journal of Electromyography & Kinesiology.
2003;13(4):333-51.

[62]. Hodges PW. Pain and motor control: From the laboratory to rehabilitation. Journal of
Electromyography & Kinesiology. 2011;21(2):220-8.

[63]. Hodges PW, Moseley GL. Pain and motor control of the lumbopelvic region: effect
and possible mechanisms. Journal of Electromyography & Kinesiology. 2003;13(4):361.
[64]. Strutton PH, Theodorou S, Catley M, McGregor AH, Davey NJ. Corticospinal
excitability in patients with chronic low back pain. Journal Of Spinal Disorders &

Techniques. 2005;18(5):420-4.

27



[65]. Marras WS, Ferguson SA, Gupta P, Bose S, Parnianpour M, Kim J, et al. The
quantification of low back disorder using motion measures: Methodology and validation.
Spine. 1999;24(20):2091-100.

[66]. McGregor AH, McCarthy ID, Doré CJ, Hughes SP. Quantitative assessment of the
motion of the lumbar spine in the low back pain population and the effect of different spinal
pathologies of this motion. European Spine Journal. 1997;6(5):308-15.

[67]. Sumitani M, Shibata M, Iwakura T, Matsuda Y, Sakaue G, Inoue T, et al. Pathologic
pain distorts visuospatial perception. Neurology. 2007;68(2):152-4.

[68]. Al-Eisa E, Egan D, Deluzio K, Wassersug R. Effects of pelvic skeletal asymmetry on
trunk movement: three-dimensional analysis in healthy individuals versus patients with
mechanical low back pain. Spine. 2006;31(3):E71-9.

[69]. Maziar B. Pelvic Bone Asymmetry in 323 Study Participants Receiving Abdominal
CT Scans. Spine. 2003;28(12):1335-9.

[70]. Levangie PK. The association between static pelvic asymmetry and low back pain.
Spine. 1999;24(12):1234-42.

[71]. Fann AV. The prevalence of postural asymmetry in people with and without chronic
low back pain. Archives of Physical Medicine & Rehabilitation. 2002;83(12):1736-8.

[72]. Zusman M. Structure-oriented beliefs and disability due to back pain. Australian
Journal of Physiotherapy. 1998;44(1):13-20.

[73]. Tullberg T, Blomberg S, Branth B, Johnsson R. Manipulation does not alter the
position of the sacroiliac joint. A roentgen stereophotogrammetric analysis. Spine.
1998;23(10):1124-8.

[74]. Moseley GL. Reconceptualising pain according to modern pain science. Physical

Therapy Reviews. 2007;12(3):169-78.

28



[75]. Bowey-Morris J, Davis S, Purcell-Jones G, Watson PJ. Beliefs about back pain:
results of a population survey of working age adults. Clinical Journal of Pain.
2011;27(3):214-24.

[76]. Main CJ, Foster N, Buchbinder R. How important are back pain beliefs and
expectations for satisfactory recovery from back pain? Bailliere's Best Practice & Research in
Clinical Rheumatology. 2010;24(2):205-17.

[77]. O'Sullivan P. Diagnosis and classification of chronic low back pain disorders:
maladaptive movement and motor control impairments as underlying mechanism. Manual
Therapy. 2005;10(4):242-55.

[78]. Moseley GL, Olthof N, Venema A, Don S, Wijers M, Gallace A, et al.
Psychologically induced cooling of a specific body part caused by the illusory ownership of
an artificial counterpart. Proceedings of the National Academy of Sciences of the United
States of America. 2008;105(35):13169-73.

[79]. Barnsley N, McAuley JH, Mohan R, Dey A, Thomas P, Moseley GL. The rubber
hand illusion increases histamine reactivity in the real arm. Current Biology.
2011;21(23):R945-R6.

[80]. Moseley GL, Parsons TJ, Spence C. Visual distortion of a limb modulates the pain
and swelling evoked by movement. Current Biology. 2008;18(22):R1047-R8.

[81]. Harris AJ. Cortical origin of pathological pain. Lancet. 1999;354(9188):1464-6.
[82]. McCabe CS, Blake DR. An embarrassment of pain perceptions? Towards an
understanding of and explanation for the clinical presentation of CRPS type 1.
Rheumatology. 2008;47(11):1612-6.

[83]. Gallace A, Torta DM, Moseley GL, lannetti GD. The analgesic effect of crossing the

arms. Pain. 2011;152(6):1418-23.

29



[84]. Chan BL, Witt R, Charrow AP, Magee A, Howard R, Pasquina PF, et al. Mirror
Therapy for Phantom Limb Pain. New England Journal of Medicine. 2007;357:2206-7.

[85]. Cacchio A, De Blasis E, De Blasis V, Santilli V, Spacca G. Mirror therapy in complex
regional pain syndrome type 1 of the upper limb in stroke patients. Neurorehabilitation &
Neural Repair. 2009;23(8):792-9.

[86]. Moseley GL, Flor H. Targeting cortical representations in the treatment of chronic

pain: A review. Neurorehabilitation And Neural Repair. 2012;26(6):646-52.

30



TABLE 1. Demographic and clinical information on all participants

CLBP patients (N=51)

Control participants (N=51)

Mean (SD) or N(%) Mean (SD) or N(%)

Demographic information
Gender (female) 21 (41%) 20 (39%)
Age (years) 41.7(14.0) 38.7 (13.4)
Height (cm) 172.4 (9.5) 175.9 (13.7)
Weight (Kg) 79.7 (14.1) 76.8 (13.7)
Work Status

At work (or studying) 42 (82%) 51 (100%)

Off work due to LBP 8 (16%) 0 (0%)

Off work other reasons 1(2%) 0 (0%)
Clinical status
Duration of LBP (years) 8.2 (10.4)
Pain Area

Back pain only 27 (53%)

Back pain and leg pain 24 (47%)
Taking opioid medication 13 (25%)
Back Pain Intensity (0-100) 48.2 (17.8)
Disability (RMDQ?, 0-24) 10.1 (5.9)
Catastrophization (PCS", 0-52) 17.8 (12.4)
Kinesiophobia (TSK® 17-68) 36.1 (8.2)

Depression
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Non-case 37 (72.5%) 49 (96%)
Possible 7 (13.7%) 2 (4%)
Probable 7 (13.7%) 0

Anxiety
Non-case 35 (68.6%) 46 (90.2%)
Possible 7 (13.7%) 4 (7.8%)
Probable 9 (17.6%) 1 (2%)

®The Roland Morris Disability Questionnaire
"The Pain Catastrophizing Scale

“Tampa Scale of Kinesiophobia
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TABLE 2. Frequency of responses to each item of the FreBAQ in the patient sample (n=51)

Item

Never

N(%)

Rarely

N(%)

Occasionally

N(%)

Often

N(%)

Always

N(%)

Median

Mean

. My back
feels as
though it is
not part of
the rest of

my body

25

(49.0)

13

(25.5)

10 (19.6)

2 (3.9)

1(2.0)

0.8

| need to
focus all
my
attention
on my
back to
make it
move the
way | want

it to

11

(21.6)

11

(21.6)

15 (29.4)

9 (17.7)

5 (9.8)

1.7

| feel as if
my back

sometimes

28

(54.9)

11

(21.6)

7(13.7)

5 (9.8)

0(0.0)

0.8
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moves
involuntari
ly, without

my control

. When

performing
everyday
tasks, |
don’t
know how
my back is

moving

20

(39.2)

13

(25.5)

10 (19.6)

6 (11.8)

2 (3.9

1.2

. When

performing
everyday

tasks, | am
not always
sure where
my back is

in space

26

(51.0)

15

(29.4)

6 (11.8)

2 (3.9)

2(3.9)

0.8

. Ican’t

perceive
the exact
outline of

my back

20

(39.2)

15

(29.4)

11 (21.6)

4(7.8)

1(2.0)

1.0
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. My back
feels like it
is enlarged

(swollen)

14

(27.5)

10

(19.6)

14 (27.5)

11

(21.6)

2 (3.9)

1.5

. My back
feels like it

has shrunk

35

(68.6)

8 (15.7)

4(7.8)

2 (3.9)

2 (3.9)

0.6

. My back
feels
lopsided
(asymmetr

ical)

6 (11.8)

8 (15.7)

13 (25.5)

15

(29.4)

9 (17.7)

2.3
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TABLE 3. Results of univariate correlations between FreBAQ total score and clinical

characteristics in the patient population (N=51)

Correlation coefficient p-value
Duration of low back pain 0. 357" 0.010
Pain intensity 0.400° 0.004
Disability (RMDQ) 0.366° 0.008
Catastrophization (PCS) 0.408° 0.003
Kinesiophobia (TSK) 0.271° 0.054
Anxiety 0.031° 0.828
Depression 0.149° 0.298

@Pearson’s R, o Spearman’s rho
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APPENDIX.

The Fremantle Back Awareness Questionnaire

Here are some things which other patients have told us about how their back feels to them.

Using the following scale, please indicate the degree to which your back feels this way when

you are experiencing back pain

0 = Never feels like that

1 = Rarely feels like that

2 = Occasionally, or some of the time feels like that

3 = Often, or a moderate amount of time feels like that

4 = Always, or most of the time feels like that

Never | Rarely | Occasio | Often | Always
nally

1. My back feels as though it is not 0 1 2 3 4
part of the rest of my body

2. | need to focus all my attention on 0 1 2 3 4
my back to make it move the way |
want it to

3. | feel as if my back sometimes 0 1 2 3 4
moves involuntarily, without my
control

4. When performing everyday tasks, | 0 1 2 3 4

don’t know how my back is

moving
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. When performing everyday tasks, |
am not sure exactly what position

my back is in

| can’t perceive the exact outline of

my back

. My back feels like it is enlarged

(swollen)

. My back feels like it has shrunk

. My back feels lopsided

(asymmetrical)
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