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Abstract

Objective: We explored differences in postural stability between subgroups of patients with low
back pain (LBP) and varying risk levels for developing chronicity measured using the Subgroups
for Targeted Treatment (STarT) Back Tool.

Methods: This was a cross-sectional, single-session, double-blind experimental study among 65
participants who had LBP for more than 14 days. Postural stability was assessed by measuring the
center of pressure (COP) range, displacement area, and velocity in anterior—posterior and
mediolateral directions under four sensory and cognitive conditions: (i) eyes open and counting
forward, (ii) eyes closed and counting forward, (iii) eyes closed and counting forward in multiples
of seven, and (iv) eyes closed and counting backward in multiples of seven. The participants were
stratified into low-/medium- (n =53) and high-risk (n =9) subgroups.

Results: There were no significant between-group differences among patients with LBP stratified
as having a low/medium or high risk of chronicity in postural stability and sensory and cognitive
conditions.
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Conclusions: Impaired postural stability is important to consider when treating patients with
LBP. However, we found that these impairments were not strongly aggravated in groups with a
higher risk of chronicity, as measured using the STarT Back Tool.
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Introduction

Low back pain (LBP) is the leading cause of
disability globally' and in most cases, its
origin is idiopathic. A growing body of evi-
dence in the literature supports that pain is
multidimensional and includes all aspects of
the biopsychosocial model.> Owing to the
multidimensional nature of pain, patients
with LBP constitute a heterogeneous
group, and there is an increased focus on
identifying subgroups of patients to
improve treatment, which may help clini-
cians to tailor treatments accordingly.® An
applied method for subgrouping patients is
the Subgroups for Targeted Treatment
(STarT) Back Tool (SBT), which has been
translated into more than 20 languages and
is now a widely used tool for subgrouping
patients with LBP.* The SBT stratifies
patients into three groups, with either
low-, medium- or high-risk of developing
ongoing debilitating LBP on the basis of
different baseline characteristics.’

Patients with LBP display postural control
strategies that differ from people not ex-
periencing LBP, especially during tasks
involving increased complexity.® ® Moreover,
postural stability during standing is altered
in patients with chronic LBP.”"'? However,
there is conflicting evidence in this regard,
with some studies reporting no impaired
postural stability in patients with LBP.'>!*
This discrepancy in findings may be
explained by unrecognized subgroups of

patients with LBP, in which postural stabil-
ity is affected in some and not in others.
Postural stability is reliant on somatosensory
input of vestibular, proprioceptive, and
visual sensory information, triangulating
the body’s position in space and calculating
the adequate somatosensory response to
maintain postural control.'> Manipulating
the quality of the available sensory informa-
tion, for example by asking individuals to
stand on different surfaces with eyes open
and closed, allows for a more detailed eval-
uation of how this sensory information is
integrated to generate proper postural strat-
egies, including in populations with chronic
pain conditions.'®!” Therefore, maintaining
postural stability is believed to demand a
certain level of cognitive capacity, which is
evident in decreased postural stability with
the addition of cognitive tasks to a postural
task, which is termed cognitive loading.'®2°
The conscious interpretation of (or attention
to) painful stimulation is a cognitively
demanding process that requires a consider-
able amount of available cognitive
resources,”’>> which can impair physical
performance.®?*** Furthermore, in addition
to pain, patients with LBP stratified to the
SBT high-risk group might have further cog-
nitive challenges owing to anxiety, depres-
sion, and stress coping,”® as measured
using the distress subscale of the SBT.
This may result in decreased postural stabil-
ity compared with patients in the low- and
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median-risk groups. If postural stability is
more affected among patients scoring as
high risk according to the SBT than among
patients in the other two SBT groups, this
can guide practice in identifying patients
who may respond to balance exercises.
The purpose of this study was to compare
postural stability between patients with LBP
in SBT high-risk groups with those in SBT
low- and medium-risk groups using a plat-
form to measure postural sway. We hypoth-
esized that challenging postural stability
under conditions where sensory information
is reduced and cognitive load is increased
has a greater impact on postural stability
among patients in the SBT high-risk group
than among those in SBT low- and medium-
risk groups.

Methods
Design

This was a cross-sectional, single-session,
double-blind experimental study. The study
was registered in ClinicalTrials.gov before
recruitment was initiated (NCT03065439).
This study was conducted in accordance
with the Declaration of Helsinki.*® All data
were handled and stored in accordance
with local Danish law. The reporting of
this study conforms to the Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines for
cross-sectional studies.”!

Study participants and centers

Patients were seen in primary care clinics
and recruited from a physiotherapy and
chiropractic clinic and from a general prac-
titioner practice. Inclusion criteria were
patients aged 18 to —65 years, presenting
with LBP (pain above the gluteal fold and
below the 12th rib)** for more than 14 days.
We excluded patients with signs of serious
pathology (e.g., fracture, cauda equina

syndrome, malignancy, osteoporosis, or
spinal inflammatory arthritis) and those
with blindness, dyslexia, pregnancy, and
patients unable to walk unassisted or
unable to complete the questionnaire
unassisted.

Outcome measures

After patients provided their written
informed consent, we collected their demo-
graphic data: age, sex, educational level (col-
lege degree, yes/no), employment status, sick
leave, comorbidities other than LBP (yes/
no), pain duration (2-6 weeks/subacute or
chronic), pain intensity (numerical pain
rating scale, NPRS),** 23-question Roland
Morris Disability Questionnaire
(RMDQ),** and self-reported health status
(EuroQol Five Dimensions [EQ-5D] visual
analogue scale).>> After completing the ques-
tionnaire, patients removed their jacket and
shoes and emptied their pockets before
height and weight were measured.

Postural sway was measured using a force
plate (Metitur Good Balance System® ver-
sion 2.67, Metitur, Jyvaskla, Finland). The
force plate was placed in front of the patient,
at a distance of 100 cm from a wall and with
more than 100 cm of free space to the sides
and behind the force plate. The force plate is
an equilateral triangle (800 mm) with four
strain gauge transducer signals converted
via a three-channel DC amplifier and trans-
formed into digital data (50Hz) that are
subsequently filtered digitally, using a three-
point median filter and infinite impulse
response (IRR) filter with 20 Hz cutoff fre-
quency. Finally, the center of pressure (COP)
position was calculated using dedicated soft-
ware (Metitur Good Balance System®). COP
position data were then exported and loaded
in Matlab R2016a software (MathWorks,
Natick, MA, USA) where the COP area
(95% prediction ellipse®® range [the differ-
ence between maximum and minimum
COP position] and velocity [the first
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derivative of the COP position] sway in both
the mediolateral (ML) and anterior—posteri-
or (AP) directions was extracted.

During the static balance test, patients
were asked to stand as still as possible for
35 s under four different conditions, in the
following order: (i) eyes open and counting
forward (EO easy) (ii)) eyes closed and
counting forward (EC easy), (iii) eyes
closed and counting forward in multiples
of seven (EC medium), and (iv) eyes
closed and counting backward from 500 in
multiples of 7 (EC hard). Patients were
instructed to maintain the standing position
and to avoid lifting their feet off the floor.
During the condition with eyes open,
patients were instructed to focus on a 12-
cm circular green plate placed at eye level
on the wall, 1 m in front of the patient. The
order of testing represented increased diffi-
culty, and it was likely that learning took
place during testing under the four condi-
tions. Therefore, to ensure equal test proce-
dures between groups and to thereby
minimize the risk of bias, the ordering was
not counterbalanced.

Following balance testing, the nine-item
SBT was administered. This screening tool
includes an overall score and a distress sub-
scale, the latter indicating psychological
and social dimensions of the patient’s expe-
rience of LBP.?” Patients who scored four
or more points overall with a subscore of
three or fewer points were stratified to the
low-/medium-risk group; patients who
scored four or more points overall and
four or more points on the subscale were
stratified to the high-risk group.*

Data analysis

A pilot test was conducted among 13 indi-
viduals without LBP under the condition
EC hard (eyes closed, counting backwards
in multiples of seven). The mean additional
lateral sway was found to be 0.51 (0.68) cm
and was used to estimate the sample size for

the study. We set an 80% power to detect
twice the lateral sway in the high-risk group
compared with the low- and medium-risk
groups combined, with a difference of 0.51
in lateral sway (pilot study). On the basis of
the pilot study, a mean 0.51 cm extra lateral
sway in the low- and medium-risk groups
and an additional sway of 1.02cm in the
high-risk group was expected. Results
were omitted from the final analysis in the
case of missing or compromised data.

The study was powered with 63 patients
needed. Patients” characteristics are
reported as number (%) for categorical var-
iables and mean (standard deviation) or
median (interquartile range) for continuous
variables, depending on the distribution of
the data.

Normal data distribution was deter-
mined by reviewing boxplots and using
the Shapiro—Wilk test. Parametric or non-
parametric analysis was performed as
appropriate, on the basis of the distribu-
tion. Mean and standard error of the
mean are reported for patient characteris-
tics with between-group comparisons made
using independent sample z-tests for contin-
uous variables and the »> test for dichoto-
mous data. Data for postural stability were
non-normally distributed so the median and
interquartile range are reported with
between-group comparisons made using
the Mann—Whitney U test.

Spearman rank-order correlation was
performed to explore the relationships of
COP area, range, and velocity under the
four conditions (EO easy, EC easy, EC
medium, and EC hard) in both the low-/
medium- and high-risk groups. The
strength of the interpretation was consid-
ered negligible (0.00 to —0.03), low (—0.3
to —0.5), moderate (—0.5 to —0.7), high
(=0.7 to —0.9), or very high (—0.90 to
—1.00) correlation.”® The assumptions for
all tests were met and the level of signifi-
cance for the tests was set at 0.05.
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Ethics

This study was approved by the regional
ethics committee in the North Denmark
Region on 5 January 2018 (N-20170014).
All patients provided their signed informed
consent no earlier than the day after having
been provided verbal information regarding
the study.

Results

Flow of participants and study centers

Sixty-five participants aged 20 to 64 (mean
46.5) years were included in the study, with
38 (58.5%) women; 49 participants (75.5%)
had experienced LBP for more than 3
months. Three participants were excluded
from the final analysis owing to missing
postural stability data. The remaining 62
patients were stratified to the low-/
medium-risk group (n=53) or high-risk
group (n=9). There was no significant dif-
ference between the groups at baseline for
the wvariables age, body mass index,

education level, employment, presence of
comorbidities, or pain duration. A signifi-
cant difference was found for sick leave
(p=0.001) as well as for pain intensity
(NPRS), self-reported health status (EQ-
SD visual analogue scale), and disability
(RMQD) (all p<0.001), as presented in
Table 1.

Postural stability

Figure 1 shows the median and interquartile
range for COP range and velocity in the ML
and AP directions, as well as the COP area
for all four conditions (EO easy, EC easy,
EC medium, and EC hard). For the ML
CoP range, the Mann—-Whitney U test
showed no significant difference between
low-/medium- and high-risk groups and the
dependent variables EO easy (Z=10.03), EC
easy (Z=0.43), EC medium (Z=0.79), and
EC hard (Z=0.03). For the AP COP range,
there was no significant difference between
low-/medium- and high-risk groups and the
dependent variables EO easy (Z=0.69), EC

Table |. Baseline characteristics of participants according to STarT Back Tool grouping of low/medium and

high risk.
Low/medium risk High risk

Characteristics (n=53) (n=9) p-value
Age (years) 475+ 1.5 422439 0.2
Sex (female) 20 (37.7%) 4 (44.4%) 0.7
Body mass index 283+0.7 31+£27 0.37
College degree (yes) 32 (60%) 4 (44.0%) 0.48
Employed (yes) 38 (71.7%) 7 (77.0%) 0.7
Sick leave for LBP, (hours, past 14 days) 9 (17.0%) 6 (66.6%) 0.001
Comorbidities (other than LBP, yes) 18 (34.0%) 2 (22.0%) 0.49
Pain duration >3 months 43 (81.1%) 6 (66.0%) 0.32
Pain intensity (NPRS) 3.62+0.3 6.67 0.5 <0.001
EQ-5D score 72.83+2 45.56 5.3 <0.001
RMQD score 8.32+0.64 16.22+4.2 <0.001

Data are expressed as n (%) or mean =+ standard error of the mean. »* test used to determine between-group differences
for sex, college degree, employment status, presence of comorbidities, and pain duration. Student t-test performed to
assess between-group differences for age, body mass index, sick leave, pain intensity, self-reported health status (EQ-5D),

and RMQD scores.

LBP, lower back pain; EQ-5D, EuroQol Five Dimensions; RMQD, Roland Morris Disability Questionnaire; NPRS, numerical

pain rating scale.
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Figure |. Body sway and velocity. Median body
sway and velocity shown in the anterior—posterior
(AP) and mediolateral (ML) directions as well as the
center of pressure (COP) area for the combined
low-/medium- and high-risk groups, according to
STarT Back tool (SBT) stratification, and under four
conditions: eyes open counting forward (EO easy),
eyes closed counting forward (EC easy), eyes
closed counting forward in multiples of seven (EC
medium), and eyes closed counting backwards in
multiples of seven (EC hard). Error bars show the
interquartile range.

easy (Z=1.21), EC medium (Z=0.81), and
EC hard (Z=0.13). We found no significant
difference for ML velocity between low-/
medium- and high-risk groups and the
dependent variables EO easy (Z=0.43),
EC easy (Z=0.17), EC medium (Z=0.11),
and EC hard (Z=0.03). AP velocity showed
no significant difference between low-/
medium- and high-risk groups and the
dependent variables EO easy (Z=0.73),
EC easy (Z=0.91), EC medium (Z=0.51),
and EC hard (Z=0.21). Lastly, for COP
position, there were no significant differen-
ces between low-/medium- and high-risk
groups and the dependent variables EO
easy (£=0.19), EC easy (Z=1.07), EC
medium (Z =1.27), and EC hard (Z=0.55).

Spearman correlation analysis showed
no significant association between low-/
medium- and high-risk groups for COP
range or velocity in the ML or AP direc-
tions or for COP area (Table 2).

Discussion

In this study, we did not find decreased pos-
tural stability among patients with LBP
identified as having a high risk of develop-
ing chronic LBP, according to the SBT, as
compared with their counterparts in the
low- and medium-risk groups.

The reason we found no between-group
differences could be owing to the stratifica-
tion of participants. The distress subscale of
the SBT* includes items associated with
decreased postural stability, including pain
catastrophizing,® depression,?’ and
fear.”®* The SBT may not being sufficient-
ly sensitive to identify the domains within
these psychological states that pertain to
decreased postural stability. However, one
study reported that when decisions to refer
patients with LBP for cognitive interven-
tion were based on SBT stratification
rather than the physiotherapists’ judgment,
patients reported higher quality of life after
4 months,” indicating a cognitive
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Table 2. Association between SBT risk groups and postural stability.

EO easy EC easy EC medium EC hard
ML range (cm) 0.11 —0.40 —0.022 0.14
AP range (cm) —0.09 —0.15 —0.10 —0.01
ML velocity (cm/s) 0.05 —0.02 0.0l 0.004
AP velocity (cm/s) —0.09 —0.12 —0.06 —0.03
COP area (cm?) —0.02 —0.14 —0.16 —0.07

Spearman rank-order correlation showed no significant association between velocity in the anterior—posterior (AP) and
mediolateral (ML) directions, as well as center of pressure (COP) area, in the combined low-/medium- and high-risk
groups, according to STarT Back Tool (SBT) stratification and under four conditions: eyes open counting forward (EO
easy), eyes closed counting forward (EC easy), eyes closed counting forward in multiples of seven (EC medium), and eyes
closed counting backwards in multiples of seven (EC hard).

component of patients’ condition that could
possibly influence their postural stability.

Rabey et al.** found that participants
stratified to the SBT high-risk group had
higher pain summation and two-point dis-
crimination than patients in the low- or
medium-risk groups, indicating that the
high-risk group had a higher level of sensi-
tization associated with their chronic LBP.
Increased stiffness has been associated with
higher levels of sensitization in participants
with knee osteoarthritis.'® Although not
measured in this study, it is possible that
patients in the high-risk group also had a
higher level of sensitization, which could
result in decreased postural stability owing
to increased stiffness.

Previous studies comparing postural sta-
bility in subgroups of patients with LBP
have found that those with more severe
LBP (higher pain and disability levels)
have decreased postural stability compared
with patients who have moderate LBP and
pain-free controls.*'*** Cognitive load did
not affect postural stability in both patient
groups in those studies. This is in contrast to
a previous study where participants who
were exposed to experimental pain were
given a cognitive task (i.e., counting for-
ward) similar to the EO easy task in the pre-
sent study. Patients had reduced COP sway,
and COP sway was increased when patients

were asked to count backwards in intervals
of three.*> Suda et al.** considered that the
reduction in postural sway in patients while
experiencing pain was a protective strategy
to avoid falling by limiting excessive trans-
lation of the body. It is possible that this
protective strategy is not present in patients
with longstanding pain, which would
explain the results of the present study.
Furthermore, Suda et al. used tandem
standing,*® thus challenging postural stabil-
ity to a greater degree than in our study,
which could account for the difference in
findings. Another possible explanation is
that patients with LBP who are stratified
to the SBT high-risk group have been
found to be less physically active,** which
has been associated with higher rates of
falls in older people*® and increased postural
sway in middle-aged men and women.*®
Future research should focus on move-
ment variability among patients categorized
as having a high risk of chronicity accord-
ing to the SBT. The results of the current
study indicate that during all tasks, patients
in the high-risk group had less movement
variability, indicated by the interquartile
range converging on the median for body
sway, velocity, and COP area, in compari-
son with the combined low-/medium-risk
group. This is in line with previous findings
where patients with spinal pain displayed a
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decrease in postural sway;*’ this change in
postural stability appears to be sensitive to
the amount of pain reported by the
patient.*® This could possibly be owing to
decreased movement variability in the SBT
high-risk group, in line with previous find-
ings among patients with LBP;** however,
further investigation is needed.

Limitations

The small sample size for the high-risk
group (n=19) is the primary limitation of
this study. Furthermore, we did not control
for the number of cognitive errors made by
participants when counting, and we could
have further elucidated the impact of the
cognitive task on available cognitive resour-
ces among participants. Previous research
has shown that when performing a cogni-
tive task concurrently with a motor task in
which postural stability is challenged, indi-
viduals will prioritize cognitive resources to
maintain postural stability, thereby sacrific-
ing accuracy in the cognitive task.?-%>>
Participants were only tested once under
each of the four conditions. Having multi-
ple test results for each condition could
strengthen the reliability of the data. The
inclusion criteria for age was broad in this
study (18-65 years). Age-related changes in
postural control have previously been
reported, which could affect the findings
of our study, with possible bias most
likely influencing the results in the direction
of no difference between groups. However,
given the relatively small difference in age
between groups, we do not believe that bias
was introduced according to age. Simple
testing for static postural stability was
used in this study as a proxy measure for
cognitive load, and we found no significant
differences between subgroups of patients
with LBP. We do not know if the findings
also apply for functional stability. Future
research is needed to study this further.

Conclusion

Patients with LBP, identified as having a
high risk of poor prognosis according to
stratification using the SBT, did not display
significantly decreased postural stability,
compared with patients considered to have
low and medium risk of a poor prognosis.

Data availability statement

To ensure patient confidentiality, data included
in the current study are not publicly available
but are available from the corresponding
author upon reasonable request.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: TGN is a
part of the Center for Neuroplasticity and Pain
(CNAP), supported by the Danish National
Research Foundation (DNRF121). AR was
supported by the Magda and Svend Aage
Friederichs Memorial Fund (2016).

Author contributions

All authors have contributed to conceptualiza-
tion of the study. SIM, RPH, and AR conducted
the analysis. All authors have read and com-
mented on the manuscript in rounds of revision
and all have approved the final version of the
manuscript.

ORCID iDs

Stian Ingemann-Molden (® https://orcid.org/
0000-0002-7087-4884

Martin Bach Jensen (® https://orcid.org/0000-
0003-2162-7390

Supplemental material

Supplemental material for this article is available
online.


https://orcid.org/0000-0002-7087-4884
https://orcid.org/0000-0002-7087-4884
https://orcid.org/0000-0002-7087-4884
https://orcid.org/0000-0003-2162-7390
https://orcid.org/0000-0003-2162-7390
https://orcid.org/0000-0003-2162-7390

Ingemann-Molden et al.

References

1.

10.

11.

Hoy D, March L, Brooks P, et al. The global
burden of low back pain: estimates from the
Global Burden of Disease 2010 study. 4Ann
Rheum Dis 2014; 73: 968-974.

. Foster NE, Anema JR, Cherkin D, et al.

Prevention and treatment of low back pain:
evidence, challenges, and promising direc-
tions. Lancet 2018; 391: 2368-2383.

. Sowden G, Hill JC, Konstantinou K, et al.

Targeted treatment in primary care for low
back pain: the treatment system and clinical
training programmes used in the IMPaCT
Back study (ISRCTN 55174281). Fam
Pract 2012; 29: 50-62.

. The STarT Back Group. Keele University

[Internet]. Available
back.hfac.keele.ac.uk/

from: https://start

. Riis A, Rathleff MS, Jensen CE, et al.

Predictive ability of the start back tool: an
ancillary analysis of a low back pain trial
from Danish general practice. BMC
Musculoskelet Disord 2017; 18: 360.

. Mientjes MI and Frank JS. Balance in

chronic low back pain patients compared
to healthy people under various conditions
in upright standing. Clin Biomech (Bristol,
Avon) 1999; 14: 710-716.

. Mok NW, Brauer SG and Hodges PW. Hip

strategy for balance control in quiet standing
is reduced in people with low back pain.
Spine (Phila Pa 1976) 2004; 29: E107-E112.

. Hirata RP, Christensen SW, Agger S, et al.

Light Touch Contact Improves Pain-Evoked
Postural Instability During Quiet Standing.
Pain Med 2018; 19: 2487-2495.

. Berenshteyn Y, Gibson K, Hackett GC,

et al. Is standing balance altered in individ-
uals with chronic low back pain? A system-
atic review. Disabil Rehabil 2019; 41:
1514-1523.

Leinonen V, Kankaanpdd M, Luukkonen
M, et al. Lumbar paraspinal muscle func-
tion, perception of lumbar position, and
postural control in disc herniation-related
back pain. Spine (Phila Pa 1976) 2003; 28:
842-848.

Nies N and Sinnott PL. Variations in bal-
ance and body sway in middle-aged adults.
Subjects with healthy backs compared with

12.

14.

15.

16.

17.

18.

19.

20.

21.

subjects with low-back dysfunction. Spine
( Phila Pa 1976) 1991; 16: 325-330.
Nogueira JF, Carrasco AC, Pelegrinelli
ARM, et al. Posturography Comparison
and  Discriminant  Analysis  Between
Individuals With and Without Chronic
Low Back Pain. J Manipulative Physiol
Ther 2020; 43: 469-475.

. Maribo T, Schisttz-Christensen B, Jensen

LD, et al. Postural balance in low back
pain patients: criterion-related validity of
centre of pressure assessed on a portable
force platform. Eur Spine J 2012; 21:
425-431.

Salavati M, Mazaheri M, Negahban H, et al.
Effect of dual-tasking on postural control in
subjects with nonspecific low back pain.
Spine ( Phila Pa 1976) 2009; 34: 1415-1421.
Shumway-Cook A and Woollacott M.
Attentional demands and postural control:
the effect of sensory context. J Gerontol A
Biol Sci Med Sci 2000; 55: M10-M16.
Hirata RP, Skou ST, Simonsen O, et al.
Increased postural stiffness during challeng-
ing postural tasks in patients with knee oste-
oarthritis with high pain sensitization. Clin
Biomech ( Bristol, Avon) 2019; 61: 129-135.
Hirata RP, Jorgensen TS, Rosager S, et al.
Altered Visual and Feet Proprioceptive
Feedbacks during Quiet Standing Increase
Postural Sway in Patients with Severe Knee
Osteoarthritis. PLoS One [Internet] 2013; 8:
1-8. Available from: https://doi.org/10.
1371/journal.pone.0071253.

Woollacott M and Shumway-Cook A.
Attention and the control of posture and
gait: a review of an emerging area of
research. Gait Posture 2002; 16: 1-14.
Mignardot J-B, Beauchet O, Annweiler C,
et al. Postural sway, falls, and cognitive
status: a cross-sectional study among older
adults. J Alzheimers Dis 2014; 41: 431-439.
Goyal N, Lee Y, Luna G, et al. Individual
and combined effects of a cognitive task,
light finger touch, and vision on standing
balance in older adults with mild cognitive
impairment. Aging Clin Exp Res 2020; 32:
797-807.

Moriarty O, Ruane N, O’Gorman D, et al.
Cognitive Impairment in Patients with
Chronic Neuropathic or Radicular Pain:


https://startback.hfac.keele.ac.uk/
https://startback.hfac.keele.ac.uk/
https://doi.org/10.1371/journal.pone.0071253
https://doi.org/10.1371/journal.pone.0071253

Journal of International Medical Research

22.

23.

24.

25.

26.

27.

28.

29.

30.

An Interaction of Pain and Age. Front Behav
Neurosci 2017; 11: 100.

Ojeda B, Duenas M, Salazar A, et al. Factors
Influencing  Cognitive  Impairment in
Neuropathic and Musculoskeletal Pain and
Fibromyalgia. Pain Med 2018; 19: 499-510.
Eccleston C and Crombez G. Pain demands
attention: a cognitive-affective model of the
interruptive function of pain. Psychol Bull
1999; 125: 356-366.

Weiner DK, Rudy TE, Morrow L, et al. The
relationship between pain, neuropsychologi-
cal performance, and physical function in
community-dwelling older adults with
chronic low back pain. Pain Med 2006; 7:
60-70.

Schrier E, Geertzen JH and Dijkstra PU.
Subjective cognitive dysfunction in rehabili-
tation outpatients with musculoskeletal dis-
orders or chronic pain. Eur J Phys Rehabil
Med 2017, 53: 582-589.

Zhang C, Zhang Z, Li Y, et al. Pain
Catastrophizing Is Related to Static
Postural Control Impairment in Patients
with Nonspecific Chronic Low Back Pain:
A Cross-Sectional Study. Pain Res Manag
2020; 2020: 9629526.

Belvederi Murri M, Triolo F, Coni A, et al.
Instrumental assessment of balance and gait
in depression: A systematic review.
Psychiatry Res 2020; 284: 112687.
Ferrer-Penia R, Moreno-Lépez M, Calvo-
Lobo C, et al. Relationship of Dynamic
Balance Impairment with Pain-Related and
Psychosocial Measures in Primary Care
Patients with Chronic Greater Trochanteric
Pain Syndrome. Pain Med 2019; 20:
810-817.

Shanbehzadeh S, Salavati M, Talebian S,
et al. Attention demands of postural control
in non-specific chronic low back pain sub-
jects with low and high pain-related anxiety.
Exp Brain Res 2018; 236: 1927-1938.
Association WM. WMA Declaration of
Helsinki — Ethical Principles for medical
research involving human subjects [Internet].
World Medical Association; 2018. Available
from: https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-princi
ples-for-medical-research-involving-human-
subjects/

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Von Elm E, Altman DG, Egger M, et al. The
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) state-
ment: guidelines for reporting observational
studies. J Clin Epidemiol [Internet] 2008; 61:
344-349. Available from: https://www.ncbi.
nlm.nih.gov/pubmed/18313558.

Dionne CE, Dunn KM, Croft PR, et al. A
consensus approach toward the standardiza-
tion of back pain definitions for use in prev-
alence studies. Spine (Phila Pa 1976) 2008;
33: 95-103.

Farrar JT, Young JPJ, LaMoreaux L, et al.
Clinical importance of changes in chronic
pain intensity measured on an 11-point
numerical pain rating scale. Pain 2001; 94:
149-158.

Roland M and Morris R. A study of the
natural history of back pain. Part I: devel-
opment of a reliable and sensitive measure of
disability in low-back pain. Spine (Phila Pa
1976) 1983; 8: 141-144.

Cortés J, Blanco JF, Pescador D, et al. New
model to explain the EQ-5D VAS in patients
who have undergone spinal fusion. Qual Life
Res 2010; 19: 1541-1550.

Duarte M. Comments on “Ellipse area cal-
culations and their applicability in postur-
ography” (Schubert and Kirchner, vol. 39,
pages S518-522, 2014). Gait & Posture
England; 2015; 41: 44-45.

Main CJ, Sowden G, Hill JC, et al
Integrating physical and psychological
approaches to treatment in low back pain:
the development and content of the STarT
Back trial’s “high-risk” intervention (StarT
Back; ISRCTN 37113406). Physiotherapy
2012; 98: 110-116.

Mukaka MM. Statistics corner: A guide to
appropriate use of correlation coefficient in
medical research. Malawi Med J 2012; 24:
69-71.

Hill JC, Whitehurst DGT, Lewis M, et al.
Comparison of stratified primary care man-
agement for low back pain with current best
practice (STarT Back): a randomised con-
trolled trial. Lancet 2011; 378: 1560-1571.
Rabey M, Kendell M, Godden C, et al.
STarT Back Tool risk stratification is asso-
ciated with changes in movement profile and
sensory discrimination in low back pain: A


https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.ncbi.nlm.nih.gov/pubmed/18313558
https://www.ncbi.nlm.nih.gov/pubmed/18313558

Ingemann-Molden et al.

41.

42.

43.

44,

45.

46.

study of 290 patients. Eur J Pain 2019; 23:
823-834.

Luoto S, Aalto H, Taimela S, et al. One-
footed and externally disturbed two-footed
postural control in patients with chronic low
back pain and healthy control subjects. A
controlled study with follow-up. Spine
(Phila Pa 1976) 1998; 23: 2081-2090.
Luoto S, Taimela S, Hurri H, et al
Psychomotor speed and postural control in
chronic low back pain patients A controlled
follow-up study. Spine (Phila Pa 1976)
1996; 21: 2621-2627.

Suda EY, Hirata RP, Palsson T, et al.
Experimental knee-related pain enhances
attentional interference on postural control.
Eur J Appl Physiol 2019; 119: 2053-20064.
Simula AS, Ruokolainen O, Oura P, et al.
Association of STarT Back Tool and the
short form of the Orebro Musculoskeletal
Pain Screening Questionnaire with multidi-
mensional risk factors. Sc¢i Rep [Internet]
2020; 10: 290. Available from: https://
pubmed.ncbi.nlm.nih.gov/31937867.

Melzer I, Benjuya N and Kaplanski J.
Effects of regular walking on postural stabil-
ity in the elderly. Gerontology 2003; 49:
240-245.

Kuh D, Bassey EJ, Butterworth S, et al.
Grip strength, postural control, and func-
tional leg power in a representative cohort
of British men and women: associations
with physical activity, health status, and

47.

48.

49.

50.

51.

52.

socioeconomic conditions. J Gerontol A
Biol Sci Med Sci 2005; 60: 224-231.

Van Daele U, Hagman F, Truijen S, et al.
Decrease in postural sway and trunk stiff-
ness during cognitive dual-task in nonspe-
cific chronic low back pain patients,
performance compared to healthy control
subjects. Spine (Phila Pa 1976) 2010; 35:
583-589.

Gomes PKA, Silva RBC, De Freitas IMD,
et al. Evaluation of Postural Balance and
Articular Mobility of the Lower Limbs in
Chronic Neck Pain Patients by Means of
Low-Cost Clinical Tests. J Manipulative
Physiol Ther 2018; 41: 658—664.

Falla D, Gizzi L, Tschapek M, et al
Reduced task-induced variations in the dis-
tribution of activity across back muscle
regions in individuals with low back pain.
Pain 2014; 155: 944-953.

Mersmann F, Bohm S, Bierbaum S, et al.
Young and old adults prioritize dynamic sta-
bility control following gait perturbations
when performing a concurrent cognitive
task. Gait Posture 2013; 37: 373-377.
Palada H, Neal A, Strayer D, et al. Using
response time modeling to understand the
sources of dual-task interference in a dynam-
ic environment. J Exp Psychol Hum Percept
Perform 2019; 45: 1331-1345.

Siu KC and Woollacott MH. Attentional
demands of postural control: the ability to
selectively allocate information-processing
resources. Gait Posture 2007; 25: 121-126.


https://pubmed.ncbi.nlm.nih.gov/31937867
https://pubmed.ncbi.nlm.nih.gov/31937867

	table-fn1-03000605221112046
	table-fn2-03000605221112046
	table-fn3-03000605221112046



