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ACKGROUND CONTEXT: Physical activity in its various forms are the most recommended

prevention and treatment strategy for chronic low back pain (CLBP). Standing postural stability is

a prerequisite for many types of physical activities. Systematic reviews have investigated the evi-

dence for an association between CLBP and postural stability but results remain inconclusive.

PURPOSE: Our primary objective was to compare postural stability between pain-free controls

and subjects with CLBP with or without leg pain and single and multisite chronic musculoskeletal

pain subjects. The secondary objectives were to evaluate the association between postural stability

with CLBP intensity and duration, demographics, physical characteristics and validated health and

pain-related patient-reported outcome measures (PROMs).

STUDY DESIGN/SETTING: Cross-sectional study in a private chiropractic clinic setting

PATIENT SAMPLE: Subjects included 42 pain-free controls and 187 patients with chronic mus-

culoskeletal pain divided into CLBP with or without leg pain and single and multisite pain groups.

OUTCOME MEASURES: Pain intensity was measured using the numerical pain rating scale,

PROMs Central Sensitization Inventory, Tampa Scale of Kinesiophobia, The Depression Scale,

EuroQol-5D, Roland-Morris Disability Questionnaire, and Pain and Sleep Questionnaire Three-

Item Index disability. Group differences were measured using area and velocity of sway on the

force plate.

METHODS: Postural stability was assessed using a force plate on four 60-second bipedal quiet

stance tests: eyes open on a stable surface, eyes closed on a stable surface, eyes open on an unstable

foam surface, eyes closed on an unstable foam surface. Following the clinic visit, subjects com-

pleted an online web-based data entry detailing pain history, demographic data, physical character-

istics, pain intensity via the numerical pain rating scale, and PROMS.
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RESULTS: Postural sway parameters did not differ between pain-free controls and subjects with

CLBP with or without leg pain and single and multisite chronic musculoskeletal pain subjects. Fur-

thermore, severity and duration of CLBP pain in addition to central sensitization, kinesiophobia,

depression, quality of life, disability, and effect of pain on sleep only had very weak associations

with postural stability.

CONCLUSIONS: Chronic musculoskeletal pain appears not to influence bipedal postural

stability. © 2022 The Author(s). Published by Elsevier Inc. This is an open access article under

the CC BY license (http://creativecommons.org/licenses/by/4.0/)
Keywords: C
entral sensitization; Chronic low back pain; Chronic musculoskeletal pain; Demographics; Pain duration; Pain

intensity; Physical characteristics; Postural control; Postural stability; Kinesiophobia
Introduction

Chronic low back pain (CLBP) is a worldwide leading

cause of disability and the most prevalent chronic musculo-

skeletal pain syndrome [1]. Chronic musculoskeletal pain

syndromes are complex multifactorial biopsychosocial dis-

orders, where it is seldom possible to draw any definite con-

clusion of causality of single factors leading to persistent

and disabling pain [1,2]. According to the clinical presenta-

tion, chronic pain can be categorized into single or multisite

pain [1,3]. Patients with multisite pain have more comorbid

biopsychosocial health issues and poorer long-term progno-

sis [3].

Standing postural stability is one of the most fundamen-

tal human functions and is a prerequisite for locomotion.

Physical activity across the domains of daily activities and

physical exercises are the most recommended prevention

and treatment strategies for CLBP [2,4,5]. Because postural

stability is an integral part of physical activity, its associa-

tion with CLBP and different chronic musculoskeletal pain

syndromes have gained a considerable amount of research

during the last decades [6,7]. Previous studies have pro-

posed that adaptation to musculoskeletal pain has short-

term benefits in relation to the protection of injury or threat

of injury but, in the long-term, may have detrimental due to

low-order muscle-specific effects through to higher-order

neural and behavioral maladaptations [6,8,9]. The most

used postural stability measurement is standing bipedal pos-

tural sway on the force plate [10−13]. The force plate

measures displacement of the center of pressure (CoP) and

records a range of sway parameters. The most studied CoP

parameters among CLBP patients are sway velocity and

area of sway [14]. Systematic reviews studying postural

sway CoP displacement between pain-free controls and

subjects with CLBP have shown inconsistent results, but

with a trend towards poorer postural stability in subjects

with CLBP. Such poorer postural stability becomes espe-

cially evident in the more challenging postural conditions

(ie, eyes closed and on an unstable surface) [10−13]. Nota-
bly, however, the higher the methodological quality of the

individual studies, the weaker the observed association in

experimental findings [11−13].
The primary objective of this large cross-sectional

study was to determine if postural stability differs
between pain-free controls and subjects with CLBP with

or without leg pain and single and multisite chronic mus-

culoskeletal pain subjects. The secondary objectives were

to evaluate the association between postural stability and

low back pain intensity and duration, age and gender,

physical characteristics (height, weight, and body mass

index (BMI), and multiple well-established pain-related

factors with patient-reported outcome measures (PROMs)

including central sensitization, kinesiophobia, depression,

quality of life, disability, and effect of pain on sleep.

Materials and methods

Ethics approval and consent to participate

Ethical approval for the study was obtained from the

Research Ethics Committee of the Northern Savo Hospital

District with identification number 1106/13.02.00/2018.

Written informed consent was obtained from all subjects

before the study. The study was conducted in accordance

with the declaration of Helsinki. STROBE statement for

guidelines for reporting cross-sectional studies [15] was

adhered to in this study.

Setting and study subjects

Data were collected from a single Chiropractic private

practice setting in Helsinki, Finland, between May 2019

and March 2020. A total of 237 subjects agreed to partici-

pate and booked clinical appointments through an online

booking system. Subjects were recruited using online

advertisements and via social media for a range of national

Finnish musculoskeletal pain and spine-related organiza-

tions and healthcare colleagues. All 18 to 65 years old sub-

jects from the general population meeting the study

inclusion and exclusion criteria were invited to participate,

whether they suffered pain or not. Inclusion criteria were;

(1) age between 18 and 65 years (2) proficiency in written

and spoken Finnish. Exclusion criteria were; (1) history

of malignant tumor, (2) history of diagnosed trauma

negatively affecting the central nervous system, including

whiplash or mild traumatic brain injury, (3) history of diag-

nosed disease negatively affecting the central nervous sys-

tem, including multiple sclerosis, Parkinson’s disease,

Alzheimer’s disease or other dementia, (4) positive Slump

http://creativecommons.org/licenses/by/4.0/
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test, (5) acute dizziness symptoms on the interview before

postural stability tests, (6) unable to perform movement

control and/or postural sway clinical tests in a safe manner

indicating possible undiagnosed neurological conditions

affecting the central nervous system.

Data collection

Postural stability data were collected using a force plate

during the routine clinic visit on Thursdays between 8

AMand 12 AM, at which point the clinical interview and

movement control assessments were also performed. A

structured interview was done during the clinic visit before

the force plate measurement regarding subjects’ dizziness

status. During the clinic visit, a Slump test was carried out

to exclude subjects with symptomatic lumbar disc hernia-

tion (30).

None of the study subjects reported acute dizziness dur-

ing the interview before postural stability tests or had a pos-

itive Slump test for acute sciatica thus excluding

symptomatic intervertebral disc herniation. Five subjects

were excluded due to clinical features suggestive of under-

lying neurological disorders identified during the prescreen-

ing assessment with low back movement control tests

described by Luomajoki et al. [16], and/or markedly abnor-

mal postural stability on the force plate. Such tests were

interrupted when subjects experienced falls or were deemed

to be at high risk of falls and subjects were excluded from

the study. Three further subjects were excluded as they did

not complete the study questionnaires at the time of their

clinical appointments. After the exclusions, the total num-

ber of participants in the study was 229 (see Fig. 1 for a

study flow chart).

Following the clinic visit, subjects were asked to com-

plete an online web-based data entry detailing demographic

information (age, gender, height, weight, and pain history)

and PROMs at home. BMI was calculated using subject-

reported height and weight data.

Variables

Clinical tests of postural control on the force plate

Postural control was measured with a force plate (four-

channel portable computerized force plate (BT4; HUR

Labs Oy, Tampere, Finland). Because the subjects com-

pleted the questionnaires after the clinic visit, the assessor

and the first author (JM) were blinded from the participants’

pain history and questionnaire scores. Postural control

measurements included velocity and area of sway, which

are the most commonly used outcomes for postural control

in CLBP cohorts in previous studies [10,14].

The force plate was calibrated before each individual’s

measurement. Subjects were given the standardized instruc-

tions: to stand barefoot, feet as close together as comfort-

ably as possible, to look straight ahead, and keep balancing

in a relaxed manner keeping their arms at their sides. If
subjects found foot stance as close as possible unnatural,

they were instructed to bring their feet slightly further apart

to create a more stable and natural feeling standing stance.

Minor changes in the stance of feet should not have a con-

siderable effect on the results [17] and results are more reli-

able when subjects can do slight adaptations to have their

natural stance [18]. There was no clear fixation point for

gaze, and the opposite wall was more than 3 meters away.

The tests were carried out in the same room with identical

conditions for each subject, including distance to the oppo-

site wall and light in the room.

Four different postural control tests were carried out.

Each test lasted 60 seconds, which was identical to the time

measurement in previous studies on CLBP patients with a

similar testing protocol [10]. A 60-second test time is also

used on a very similar and well-validated postural control

test protocol in a vestibular disorder population [19]. A 5-

second prephase period occurred before the actual COP

measurement of 60 seconds. The sampling frequency was

set to 50 Hz, which was recommended by the manufacturer

to balance consistent data acquisition and manageable data

size. Four CoP displacement quiet stance measurements in

respective order were:

� Eyes open on a stable surface (EOS).
� Eyes closed on a stable surface (ECS).
� Eyes open on an unstable foam surface (EOU).
� Eyes closed on an unstable foam surface (ECU).

Two postural sway parameters were studied on each

test: (1) Mean velocity of the sway [mm/s] and (2) Area

of the sway [mm2]. A rectangular high density (50 kg/m3)

closed-cell Airex Balance Pad (delivered by a manufac-

turer with the force plate) was used for all tests requiring

a calibrated foam surface in order to provide an unstable

surface. All measurements were carried out once, in simi-

lar (nonrandomized) order, and there was no designated

resting period between tests other than breaks, when sub-

jects stepped off from the force plate while taking Airex

Balance Pad on and off between EOS-ECS and EOU-

ECU tests. The force plate protocol was identical to a rou-

tine clinical postural sway assessment to ensure direct

clinical translation.

Subject-reported pain history questions

All subjects completed a structured web-based pain history

assessment with binary questions (yes/no), including presence

of chronic low back pain, referral to leg (if yes to CLBP), the

experience of other ongoing chronic musculoskeletal pain,

and presence of chronic headache. Subjects with CLBP were

also asked to rate the severity of pain on a numerical pain rat-

ing scale (NPRS) from 0 to 10 and to indicate the duration of

the pain as a function of the number of months with pain.

CLBP was defined as pain present for more than 3 months

and for more than 3 days per week [20,21].



Fig. 1. Flow chart of subjects.
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Patient-reported outcome measurements

Numerical pain rating scale (NPRS) measures subjective

pain on 11-point numerical scale. The scale is composed of

0 (no pain at all) to 10 (worst imaginable pain) [22].

Central Sensitization Inventory (CSI) was developed to

be a screening tool for central Sensitization [23]. CSI is a

two-part questionnaire where Part A includes 25 questions

about CS-related symptomology. The total score range is
“0” to “100” on Likert scale options: 0=never, 1=rarely,

2=sometimes, 3=often, and 4=always. Part B asks with

“No/Yes, and year diagnosed” possible previously diag-

nosed Central Sensitization syndromes and related disor-

ders. CSI part B is only for information and is not scored

[24]. CSI has been translated and validated in a Finnish

population [25]. Fibromyalgia [26,27], temporomandibular

joint disorder [28], migraine, or tension headaches [29,30]
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from CSI part B is known to have an effect on postural sta-

bility. Therefore, these previous diagnoses on CSI part B

were taken into account when comparing subjects with

CLBP and pain-free controls.

Tampa scale of Kinesiophobia (TSK) evaluates kinesio-

phobia (fear of movement). TSK is a 17-item questionnaire

used to assess subjective kinesiophobia on Likert scale

options: 1=strongly disagree 2=disagree 3=agree

4=strongly agree. The range of scores is from 17 to 68.

Higher scores indicate an increasing degree of kinesiopho-

bia [31]. TSK has been translated into Finnish and validated

in the Finnish population [32].

Depression Scale (DEPS) is a 10-item questionnaire

used to assess depressive symptoms on Likert scale options:

0=not at all, 1=a little, 2=quite a lot and 3=extremely.

Higher scores indicate a higher possibility of a Major

Depressive Disorder diagnosis [33]. The DEPS has excel-

lent structural validity for screening depressive symptoms

among patients with low back pain [34].

EuroQol (EQ-5D-5L) assesses health related quality of

life in the five dimensions [35]. The dimensions are mobil-

ity, self-care, usual activities, pain/discomfort, and anxiety /

depression. Each dimension has five response levels: 0=no

problems, 1=slight problems, 2=moderate problems,

3=severe problems, 4=unable to/extreme problems. A sec-

ond part of the EQ-5D-5L is the EQ visual analogue scale

(EQ VAS) [35]. Because there is currently no Finnish stan-

dard value set available, a value set from Denmark was

used to calculate the index value as recommended by the

EuroQol EQ-5D-5L User Guide [36].

Roland-Morris Disability Questionnaire (RMDQ) evalu-

ates disability related to chronic low back pain. RMDQ is a

24-item questionnaire of disability in chronic low back pain

populations [37]. The RMDQ is scored by adding up the

number of items checked “yes” on different low back pain-

related daily activity disabilities. Total scores range from 0

to 24, with higher scores indicating a higher level of disabil-

ity related to low back pain [38].

Pain and Sleep Questionnaire Three-Item Index (PSQ-3)

assesses the impact of pain on sleep. PSQ-3 is a three-item

sleep questionnaire designed to measure the impact of

chronic pain on sleep during the past week [39]. PSQ-3

measures effect of pain on sleep on a numerical 11-point

rating scale from 0 to 10. Zero indicates “never” and 10

indicates “always.” Thus, the final score is ranged from 0 to

30. PSQ-3 is translated and validated in Finnish [40].
Statistical methods

Statistical analysis was performed using SPSS version

25 (IBM SPSS Statistics for Windows, Version 25.0.

Armonk, NY: IBM Corp.). Statistical significance was

defined as p<.05. The normality of the data was checked by

Shapiro-Wilks tests. Demographics data were shown as per-

centages or means with standard deviations or medians with

ranges depending on the distribution of the variables.
Pearson’s correlation coefficient was calculated between

demographics, physical characteristics, PROMs, and pos-

tural stability variables. Strengths of the correlations were

interpreted as: no to weak correlation (0>r≤0.25), weak to

moderate correlation (0.25>r≤0.50), moderate to strong

correlation (0.50>r≤0.75), and strong to perfect correlation

(0.75>r≤1) [41].
The minimum required sample size was calculated with

average means and estimated standard deviation from the

review comparing pain-free controls and subjects with low

back pain [10]. The two-tailed hypotheses were calculated

on two independent study groups with 0.05 probability of

type I error, 0.80 effect size, and 0.8 statistical power. The

calculation revealed that at least 25 subjects had to be

included in each group.

Normally distributed variables were compared by inde-

pendent samples t test or One-Way ANOVA with post hoc

comparison of Least Significant Difference (LSD). Skewed

distributed data were tested by Mann-Whitney U test. Cate-

gorical variables were compared by chi-square or Fisher’s

exact tests. The scatter plots were used to visualize and fur-

ther investigate some of the key findings of the data.

A multivariable linear regression was calculated to evalu-

ate associations of postural stability with demographics and

PROMs by postural stability with eyes closed on unstable

surface as dependent variable and gender, age, weight,

height, NPRS, pain duration, CSI, TSK, DEPS, EQ-5D-5L,

RMDQ, and PSQ-3 as independent variables. BMI was not

included in this analysis as a variable because of potential

multicollinearity effects between highly correlated variables

of BMI and height and weight. Only subjects with CLBP

were included in the multiple regression calculation. Sway

velocity with eyes closed on unstable surface was chosen as

the dependent variable, as sway velocity is considered to be

the most accurate parameter of postural sway and previous

studies report greatest abnormalities on postural stability in

subjects with CLBP on the more challenging test conditions

(ie, eyes closed and on unstable surface) [10−13,42].
Results

We enrolled 229 subjects, which consisted of 162

females and 67 males with mean age of 44.5§11.8 years,

height 171.2§9.3 cm, weight 75.4§16.9 kg, and BMI

25.6§4.8. Subjects were grouped into a pain-free control

group and group with CLBP with or without leg pain and

single and multisite chronic musculoskeletal pain groups,

based upon self-reported pain symptoms. Of the 229 total

sample, 42 (18.3%) comprised the control group (reported

no pain). Specifically, the pain-free controls reported no

CLBP, no leg pain, pain scale 0/10, pain history 0 months,

no other chronic musculoskeletal pain, and no chronic

headaches. The remaining 187 subjects (81.3%) reported

chronic pain, of which 77 (41.2%) reported CLBP without

leg pain and 84 (44.9%) with leg pain, 79 (34.5%) reported

pain in a single body area (one of the following: CLBP
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group with or without leg referral, other chronic musculo-

skeletal pain or chronic headache), and 108 (47.2%)

reported multisite chronic pain (two or more of the follow-

ing: CLBP with or without leg referral, other chronic mus-

culoskeletal pain and/or chronic headache).

Of the total study cohort, only five subjects reported previ-

ous fibromyalgia diagnosis (1% in the pain-free control vs.

3% in CLBP groups), 32 temporomandibular joint disorder

diagnoses (17% in the pain-free control vs 16% in CLBP

groups), and 24 migraine or tension headache diagnoses (4%

in the pain-free control vs 15% in CLBP groups).

The pain-free controls and chronic pain subjects were not

statistically significantly different in gender, height, weight,

or BMI. Demographics between pain-free controls and single

and multiple site pain subgroups differed with respect to age.

On average, the chronic pain groups were about 4 and 6

years older, showing statistically significant differences

between controls vs CLBP with leg pain, single body area

pain, and multisite pain groups. There were more males in

the single pain group than the multisite pain group.

Pain intensity, duration and all pain-related PROMs

measuring disability, central sensitization, kinesiophobia,

quality of life and quality of sleep showed clear differences

between all five group comparisons (pain-free control vs

CLBP without leg pain, pain-free control vs CLBP with leg

pain, pain-free control vs single site pain, pain-free control

vs multisite pain, single-site pain vs multisite pain). There

was a group difference in three of five comparisons in

depression. Table 1.
Table 1

Demographics among pain-free controls and chronic pain groups

Variables Pain-free control

group N=42

CLBP without leg

pain N=77

CLBP w

N

Subjects with CLBP 0 (0%) 77 (100%)* 84 (1

Age 40.2 (36.9-43.4) 43.8 (41.1-46.5) 46.6 (4

Height 171.3 (168.7-173.8) 172.4 (170.2-174.6) 169.8 (1

Weight 76.6 (71.6-81.5) 75.9 (72.7-79.2) 73.8 (7

BMI 26.0 (24.5-27.5) 25.5 (24.6-26.5) 25.5 (2

Gender Female N (%) 29 (69%) 51 (66%) 64 (7

NPRS 0§0 (0.0-0.0) 4.4 (4.0-4.9)* 5.4 (5

Duration 0§0 (0.0-0.0) 69.5 (50.2-88.8)* 69.2 (5

CSI 28.0 (24.7-31.3) 34.7 (32.0-37.4)* 39.8 (3

TSK 25.8 (24.3-27.3) 31.4 (29.5-33.2)* 32.8 (3

DEPS 5.4 (4.0-6.7) 5.6 (4.6-6.5) 7.2 (6

EQ-5D-5L 0.85 (0.82-0.88) 0.77 (0.74-0.79)* 0.74 (0

RMDQ 0.4 (0.15-0.71) 3.7 (2.9-4.5)* 4.6 (3

PSQ-3 2.0 (0.87-3.1) 7.0 (5.5-8.5)* 9.6 (8

Chronic low back duration in months (duration), CLBP, Chronic low back pa

5D-5L, EuroQol 5-level EQ-5D version; NPRS, Numerical Pain Scale; PSQ-3, Pa

ability Questionnaire; TSK, Tampa scale of kinesiophobia. Mann-Whitney tests. O

ence (LSD).

Data presented as mean (95% Confidence interval lower and upper bound) o

pain (CLBP) group without leg pain.

* Between controls and CLBP group with leg pain.
y Between controls and chronic single body area pain.
z Between controls and multisite pain.
x And between single body area pain and multisite pain.
ǁ With statistical significance p<.05.
There were only 2 significant differences of 40 compari-

sons (2/40, 5%) in postural stability parameters. The two

differences were between pain-free controls and CLBP

with leg pain and between pain-free controls and chronic

multisite pain groups on eyes open unstable surface test on

an area of sway parameter. Postural stability did not differ-

entiate groups of single and multisite pain on any parame-

ter. Overall, the pain-free control group showed marginally

poorer postural stability on the most challenging test than

the four chronic pain groups. Table 2.

Postural stability parameters showed only weak correla-

tions with age, height, weight, and BMI. Table 3.

Postural stability parameters correlated very weakly and

even weaker than demographics and physical characteris-

tics with CLBP and its intensity and duration and with

PROMs of central sensitization, kinesiophobia, depression,

quality of life, disability, and effect of pain on sleep.

Table 4.

Central sensitization and kinesiophobia, well-established

chronic musculoskeletal pain-related factors showed very

weak associations between individual scores and perfor-

mance on the velocity of postural sway tests. Two of four

eyes closed tests showed a negative association with central

sensitization. Fig. 2.

The results of the multivariable linear regression indi-

cated that the model explained 12.1% of the variance

and that the model was a significant predictor of pos-

tural stability performance F(3.61), p=.001. Age was the

only factor which contributed significantly to the model
ith leg pain

=84

Chronic pain in a single

body area N=79

Multisite pain in two or more

chronic pain locations N=108

00%)y 56 (71%)z 105 (97%)x,ǁ

4.0-49.1)y 44.5 (41.9-47.3)z 46.1 (43.9-48.4)x

68.0-171.6) 172.6 (170.4-174.8) 170.1 (168.3-171.8)

0.1-77.6) 76.1 (71.8-80.4) 74.4 (71.5-77.3)

4.4-26.7) 25.2 (24.1-26.3) 25.7 (24.8-26.6)

6%) 48 (61%) 85 (78%)ǁ

.0-5.8)y 3.8 (3.0-4.3)z 4.7 (4.3-5.1)x,ǁ

2.4-86.0)y 39.7 (22.0-51.3)z 76.7 (60.7-92.6) x,ǁ

7.2-42.4)y 31.8 (29.5-34.1)z 40.7 (38.5-43.0) x,ǁ

1.2-34.4)y 30.2 (28.7-31.7)z 33.0 (31.5-34.5) x,ǁ

.0-8.4)y 4.8 (3.9-5.6) 7.3 (6.2-8.3) x,ǁ

.71-0.77)y 0.79 (0.77-0.81)z 0.74 (0.71-0.76) x,ǁ

.8-5.4)y 2.6 (1.9-3.3)z 4.4 (3.7-5.2) x,ǁ

.0-11.2)y 6.2 (4.7-7.6)z 9.3 (7.9-10.7) x,ǁ

in; CSI, Central Sensitization Inventory; DEPS, The Depression scale; EQ-

in and Sleep Questionnaire Three-Item Index; RMDQ, Roland-Morris Dis-

ne-Way ANOVA post hoc comparison of Fisher's Least Significant Differ-

r N (%). Comparison between controls without pain and chronic low back



Table 2

Postural stability between pain-free controls and chronic pain groups and between single and multisite pain groups

Variables Pain-free controls

N=42

CLBP without leg

pain N=77

CLBP with leg

pain N=84

Chronic single body

area pain N=79

Chronic multisite

pain N=108

Test 1. Eyes open stable surface (EOS)

Area of sway [mm2] 252 (204- 299) 267 (235-298) 299 (261-338) 270 (238-302) 301 (268-335)

Velocity of sway [mm/s] 9.2 (8.5.-10.0) 9.2 (8.5-9.8) 9.9 (9.2-10.5) 9.4 (8.7-10.1) 9.7 (9.1-10.2)

Test 2. Eyes closed stable surface (ECS)

Area of sway [mm2] 363 (309-417) 443 (359-527) 469 (390-549) 363 (361-529) 459 (392-525)

Velocity of sway [mm/s] 15.2 (13.5-16.8) 15.0 (13.1-17.0) 15.5 (14.3-16.7) 15.2 (13.5-17.4) 15.2 (14.2-16.2)

Test 3. Eyes open on unstable surface (EOU)

Area of sway [mm2] 416 (350-482) 471 (421-522) 502 (448-557)y 476 (429-536) 502 (453-551)x

Velocity of sway [mm/s] 13.9 (12.7-15.1) 13.9 (13.1-14.7) 14.8 (14.0-15.7) 13.9 (13.2-15.2) 14.4 (13.9-15.3)

Test 4. Eyes closed on unstable surface (ECU)

Area of sway [mm2] 1112 (922-1304) 1098 (958-1238) 1097 (976-1219) 1112 (955-1253) 1096 (988-1204)

Velocity of sway [mm/s] 31.3 (28.3-34.1) 29.8 (27.1-32.4) 29.9 (27.6-32.4) 31.2 (27.6-33.2) 29.4 (27.6-31.3)

CLBP = Chronic low back pain. Presented as mean (95% Confidence interval lower and upper bound). Mann-Whitney tests.

*Comparison between controls without pain and chronic low back pain (CLBP) group without leg pain.
y Between controls and CLBP group with leg pain.zBetween controls and chronic single body area pain.
x Between controls and multisite pain.ǁAnd between single body area pain and multisite pain with statistical significance p<.05.
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B=0.297. Table 5. Multivariable linear regression using

the velocity of way parameter and other three postural

stability tests of EOS, ECS, or EOU as a dependent var-

iable with same independent variables provided essen-

tially very similar results.
Discussion

We show that there are only very small and clinically

unimportant differences in postural stability between pain-

free controls and subjects with CLBP with or without leg

pain, nor in subjects with single or multisite chronic muscu-

loskeletal pain. Hence, the results suggest that neither iso-

lated nor widespread chronic musculoskeletal pain are

associated with greater postural instability. Only 2 parame-

ters of 40 total parameters showed a statistically significant
Table 3

Correlations of demographics and postural stability parameters (N=229)

Age Gender Height Weight BMI EO

Are

Gender -0.41

Height 0.13 -0.66*

Weight 0.09 -0.45* 0.56*

BMI 0.11 -0.12 0.69 0.86*

EOS Area 0.24* -0.13* 0.24* 0.11 0.01

EOS Velocity 0.34* -0.24* 0.25* 0.21* 0.10 0.54

ECS Area 0.21* -0.17* 0.26* 0.13 0.01 0.6*

ECS Velocity 0.26* -0.26* 0.21* 0.20* 0.10 0.33

EOU Area 0.26* -0.22* 0.32* 0.20* 0.04 0.71

EOU Velocity 0.36* -0.18* 0.15 0.22* 0.16 0.41

ECU Area 0.21* -0.25* 0.27* 0.21* 0.08 0.51

ECU Velocity 0.30* -0.18* 0.16 0.21* 0.15 0.28

ECS, eyes closed on a stable surface; ECU, eyes closed on an unstable foam s

foam surface.

Pearson’s correlation coefficient.

* Statistical significance p<.05. With reference to gender, the negative correl
intergroup difference, thus confirming that our results are

robust and consistent.

Very small and clinically unimportant postural stability

differences cannot be explained by demographics or physi-

cal characteristics, because the only group difference was

age. Indeed, aging has been shown to be a strong indicator

of poorer postural stability [43]. All four chronic pain

groups included average of older subjects and hence should

have led to more evident group differences between control

groups. Moreover, age was the only significantly contribut-

ing factor for postural stability on multivariable linear

regression analysis in our cohort.

The primary results are perhaps surprisingly unambiguous

given previous findings showing differences in postural stabil-

ity between subjects with and without CLBP. Systematic

reviews in fact support the notion that methodological quality
S

a

EOS

Velocity

ECS

Area

ECS

Velocity

EOU

Area

EOU

Velocity

ECU

Area

*

0.57*

* 0.74* 0.71*

* 0.42* 0.64* 0.33*

* 0.75* 0.53* 0.65* 0.55*

* 0.55* 0.71* 0.62* 0.64* 0.65*

* 0.62* 0.52* 0.76* 0.34* 0.73* 0.81*

urface; EOS, Eyes open on a stable surface; EOU, eyes open on an unstable

ation indicates better postural stability on women.



Table 4

Correlations between chronic low back pain (CLBP), pain intensity and duration, patient-reported outcome measures and postural stability parameters (N=229)

CLBP NRPS Pain

duration

CSI TSK DEPS Euro Qol

(EQ-5D-5L)

RMDQ PSQ-3 EOS

Area

EOS

Velocity

ECS

Area

ECS

Velocity

EOU

Area

EOU

Velocity

ECU

Area

NPRS 0.81*

Pain duration 0.42* 0.34*

CSI 0.23* 0.28* 0.18*

TSK 0.28* 0.32* 0.21* 0.46*

DEPS 0.10* 0.13 0.11 0.65* 0.39*

EQ-5D-5L -0.26* -0.39* -0.12* -0.50* -0.45* -0.49*

RMDQ 0.50* 0.59* 0.32* 0.32* 0.46* 0.30* -0.49*

PSQ-3 0.34* 0.46* 0.15* 0.48* 0.34* 0.30* -0.33* 0.45*

EOS Area 0.02 0.06 0.14 0.17* 0.22* 0.10 -0.10* 0.15 0.13

EOS Velocity -0.08 0.05 0.15 0.08 0.07 0.13 -0.14 0.17 0.13 0.54*

ECS Area 0.06 0.09 0.10 0.14 0.18* 0.13 -0.17 0.22* 0.20* 0.62* 0.57*

ECS Velocity -0.01 0.01 0.09 0.01 0.06 0.11 -0.10 0.15 0.07 0.33* 0.74* 0.71*

EOU Area -0.02 0.09 0.08 0.15 0.22* 0.08 -0.10 0.16 0.19* 0.71* 0.42* 0.64* 0.33*

EOU Velocity -0.02 0.01 0.10 0.12 0.12 0.16 -0.16 0.14 0.12 0.41* 0.75* 0.53* 0.65* 0.33*

ECU Area -0.03 0.01 0.11 0.02 0.14 0.06 -0.07 0.09 0.14 0.51* 0.55* 0.71* 0.62* 0.64* 0.65*

ECU Velocity -0.05 -0.05 0.09 -0.04 0.07 0.07 -0.06 0.07 0.02 0.28* 0.62* 0.52* 0.76* 0.34* 0.73* 0.81*

CSI, Central Sensitization Inventory; DEPS, The Depression scale; EQ-5D-5L, EuroQol 5-level EQ-5D version; ECS, eyes closed on a stable surface; ; ECU, eyes closed on an unstable foam surface; EOS,

Eyes open on a stable surface; EOU, eyes open on an unstable foam surface; NRPS, Numerical Pain Scale; PSQ-3, Pain and Sleep Questionnaire Three-Item Index; RMDQ, Roland-Morris Disability Question-

naire; TSK, Tampa scale of kinesiophobia.

Pearson’s correlation coefficient.

* Statistical significance p<.05.
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Fig. 2. Scatter plots of Central Sensitization Inventory (CSI) and Tampa Scale of Kinesiophobia (TSK) scores versus velocity of sway.

J. Mikkonen et al. / The Spine Journal 22 (2022) 1523−1534 1531



Table 5

Multivariable linear regression model independent variables (N=161)

Standardized

Beta

Mean

(CI95%)

Age 0.297* 45.3 (43.5-47.1)

Gender -0.70 1.71 (1.64-1.78)

Height 0.18 171.1 (169.7-172.6)

Weight 0.12 75.0 (72.5-77.5)

Low back pain intensity

(NPRS 0-10)

-0.14 5.0 (4.7-5.3)

Low back duration pain in

months

0.05 69.4 (56.8-82.0)

Central Sensitization Inventory -0.14 37.2 (35.3-39.0)

Tampa Scale of Kinesiophobia 0.08 32.0 (30.9-33.2)

The Depression scale 0.14 6.4 (5.6-7.1)

EuroQol (EQ-5D-5L) -0.26 0.76 (0.74-0.77)

Roland-Morris Disability

Questionnaire

0.04 4.2 (3.7-4.8)

Pain and Sleep Questionnaire

Three-Item Index

-0.12 8.4 (7.3-9.6)

BMI, body mass index. NRPS= Numerical Pain Rating Scale.

Presented as mean (95% Confidence interval lower and upper bound).

Dependent variable velocity on eyes closed on an unstable foam surface

test.

* Statistical significance p<.05. With reference to gender, the nega-

tive regression coefficient indicates better postural stability in women.
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affects study findings, with studies of greater quality being

more likely to find no difference between subjects with CLBP

and pain-free controls [11−13]. Indeed, we sought to address

many of the methodological limitations of the previous studies

including small sample sizes [11,13], lack of detailed report-

ing of measurement protocol [12,13], lack of adequate inclu-

sion and exclusion criteria and physical testing [10,12], and

lack of reporting of subjects’ baseline demographics and phys-

ical characteristics [13,14]. Also, overlapping other pain-

related conditions affecting postural stability did not explain

findings, because there were no unforeseen underlying diagno-

ses in the pain-free control group.

Several previous studies have found that differences

between subjects with CLBP and controls are more obvious

on eyes closed conditions [10−13] due to impaired proprio-

ception in patients with CLBP and therefore being less able to

rely on this sense for balance when vision is denied [10,11].

We did not observe any differences between eyes open and

eyes closed test conditions between groups, although we did

see a normal trend of increased instability on eyes closed and

on unstable surface tests within groups. Moreover, the control

group showed marginally poorer postural stability than the

pain groups on the most challenging test.

Neither pain intensity and duration nor multiple well-

established chronic pain-related PROMs were related to

poorer postural stability, and these findings were consistent

across the dataset. Previous studies have shown inconclu-

sive associations between postural stability and pain inten-

sity and duration [12−14,44] and with central sensitization,

disability, kinesiophobia, and quality of sleep [25,45−48].
In our results, demographic, and physical characteristics

showed a higher correlation with postural stability than

pain-related variables.

From a clinical perspective, we would argue that bipedal

standing postural sway is not a reliable clinical test to

understand the effects of pain upon balance function, partic-

ularly in the context of CLBP. Given the substantial burden

of CLBP on the individual, and society [1,49] we would

advise caution in performing unnecessary, time-consuming,

and costly high-tech investigations measuring postural

sway. Consistent with this, we are aware of a pilot random-

ized controlled trial evaluating the effect of an exercise

training program on postural stability compared to sham

treatment in CLBP subjects, where results showed only a

small and clinically nonsignificant effect size [50].
Strengths and limitations

Strengths

The major strengths of this study were the large cohort

with well-defined study groups, strict inclusion and exclu-

sion criteria including physical examination and interview,

detailed clinically applicable test protocol, and use of multi-

ple well-established measures. Moreover, this study was the

first study to note clinically important pain distribution dif-

ferences, which was not studied on previous research com-

paring controls with subjects with CLBP.
Limitations

We did not include a detailed history of exercise and

physical activity in our baseline assessment and therefore

cannot comment on whether baseline activity may influence

postural stability. Moreover, whilst our physical examina-

tion for low back pain included the Slump test, inclusion of

advanced imaging of the lower back and clinical tests such

as active and passive leg raise and lower extremity sensory

and motor clinical testing could have enabled classification

of subjects with CLBP into specific etiological categories,

which cannot be done with the Slump test alone [51].
Conclusion

We found only very small and clinically unimportant

differences in postural stability between pain-free controls

and subjects with CLBP with or without leg pain, and sub-

jects with single or multisite chronic musculoskeletal pain.

Moreover, postural stability did not reveal an association

with leg more widespread distribution of pain or its inten-

sity or duration or indeed correlate with central sensitiza-

tion, kinesiophobia, depression, quality of life, disability,

and effect of pain on sleep. Overall, chronic musculoskele-

tal pain, especially chronic low back pain, and well-estab-

lished related factors do not appear to influence static

postural stability.
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