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Background: Although symmetry of spatio-temporal parameter and center of pressure 
(COP) shift during walking is associated with knee adduction moment, research on clinical 
association with knee osteoarthritis (OA)-related knee pain and functional scores is lacking.

Objects: The aims were 1) to compare symmetry of gait parameters and COP-shift in patients 
with unilateral knee OA and pain and matched controls, and 2) to investigate the relationship 
between symmetry of gait parameters and COP-shift, and clinical measures.

Methods: Female subjects (n = 16) had with unilateral radiological knee OA and pain. Healthy 
controls (n = 15) were age-matched to OA group. Symmetry of foot rotation, step length, 
stance and swing phase, lateral symmetry of COP and anterior/posterior symmetry of COP dur-
ing walking was assessed. To assess the clinical variables, pain intensity, pain duration and func-
tion using Knee Osteoarthritis Outcome Survey (KOOS) subscales were collected. We compared 
symmetry between groups using Mann–Whitney U-test or independent t-test. Relationships 
between clinical measures and symmetry index measured using Spearman’s correlation test. 
Statistical significance was set at α = 0.05.

Results: Knee OA group showed significantly greater values of only lateral symmetry of COP 
(p < 0.01) than healthy group. Values of lateral symmetry of COP had moderate or strong 
correlation significantly with the intensity of knee pain, pain duration, and scores of all KOOS 
subscales (p < 0.01).

Conclusion: Patients with unilateral knee OA and pain showed more asymmetry of lateral 
COP-shift during walking compared with matched healthy controls. In addition, larger asym-
metry of lateral COP-shift has the moderate or strong association with worse of knee pain, 
worse in KOOS scores and longer duration of knee pain. Asymmetry of lateral COP-shift during 
walking may be one of the characteristics of unilateral knee OA as the compensatory strategy 
response to unilateral OA of the knee.
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INTRODUCTION

Knee osteoarthritis (OA) is one of the source of the disability 

in older population, and prevalence of knee OA is significantly 

higher and radiographic sign of knee OA is more severe in 

females than males [1,2]. Patients with more severe knee OA 

showed more alteration in frontal kinematic of knee, such as 

knee adduction during gait than healthy older and patients 

with less severe knee OA [3]. To attenuate external knee adduc-

tion moment and medial knee stress of more symptomatic side 

during walking, patients with knee OA increase toe-out angle 

and lateral shift of the trunk and shift the body weight side-

to-side more rapidly to alter medial tibiofemoral stress than 

healthy controls [3]. These gait alterations can place the greater 

stress on the knee joint of the less symptomatic or non-painful 

side due to asymmetrical load distribution, that is related with 

increasing the risk of OA development in less symptomatic or 

non-painful side in patients with unilateral knee OA [4]. 

Some study reported that OA tend to occur asymmetrically, 

while rheumatoid arthritis tends to occur symmetrically [5]. 

Symmetry or asymmetry of gait parameters has been used 

to distinguish between healthy and patients and what stage 

a patient is in specific disease including knee OA [6,7]. Gait 

asymmetry was defined as the different patterns of the kinetic, 
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kinematic and spatio-temporal parameters, as a result of gait 

adaptation response to knee OA [8,9]. Patients with either uni-

lateral or bilateral knee OA have asymmetrical angle of knee 

varus during walking [9]. However, when dividing the patients 

with knee OA to two groups according to unilateral or bilateral 

knee pain, OA patients with bilateral pain showed symmetri-

cal angle of knee varus, while OA patients with unilateral pain 

showed asymmetrical angle of knee varus [10]. 

Shifts of the center of pressure (COP) affect the ground re-

action force, leading to impact loading to the knee joint [11]. 

However, there is controversy over whether symmetry of COP 

is differed between older people with and without knee OA. A 

previous study demonstrated that laterality of COP of patients 

with knee OA is greater than healthy control [12]. Less lateral-

ization of COP, less the knee adduction moment, while more 

COP-shift laterally, more the knee adduction moment increas-

es [11]. In the other hands, another previous study reported 

that the amounts of anterior/posterior COP-shift was less in 

patients with knee OA than control group when standing both 

affected and sound leg, while no differences in lateral COP-

shift between groups in initial phase of walking [13]. 

If symmetry of gait parameters and COP-shift will be related 

with pain, symptom and function of knee OA in patients with 

both unilateral knee OA and unilateral pain, the current study 

sheds some light on the characteristics relating symmetry of 

COP-shift during walking in patients with symptomatic knee 

OA for physiotherapist who assess the quality of gait and train 

the symmetrical gait pattern to patients. The aims of current 

study are 1) to compare the symmetry of gait parameters and 

COP-shift antero-posteriorly and laterally in female older pa-

tients with unilateral knee OA and pain and matched controls, 

and 2) to investigate the relationship between symmetry of gait 

parameters and COP-shift and clinical measures such as pain 

intensity, pain duration, and functional scores related knee OA. 

Our hypotheses are that knee OA group showed more asym-

metry than controls and symmetry of COP-shift will be associ-

ated with clinical measures. 

MATERIALS AND METHODS

1. Subjects

Fifty-one female subjects with and without knee pain during 

walking volunteered from the welfare center in Jeonju. Twenty 

of the 51 female volunteers did not meet the inclusion and 

exclusion criteria due to following reasons: Kellgren–Lawrence 

grade of OA < 2 in 5 volunteers, bilateral knee OA in 11 vol-

unteers and unilateral left knee OA in 4 volunteers. The thirty-

one subjects (sixteen for knee OA group and fifteen for healthy 

control group) met the criteria (Figure 1). The sample size of at 

least 15 subjects produced statistical power of 0.80, assuming 

medium effect size (d = 0.6) and a level of significance of 5% 

[14]. Inclusion criteria for knee OA group (n = 16) were that 1) 

age was over fifty years old, 2) recent weight-bearing posterio-

anterior radiographic confirmation of unilateral right knee OA 

clinical diagnosis by an OA rheumatologist, 3) a Kellgren–Law-

rence grade of OA was over 2 and 4) unilateral right knee pain 

was over 3 on a 10 cm visual analogue scale (VAS) on most 

days of the previous week during walking [6,10]. Subjects in 

knee OA group were excluded from current study if they 1) had 

left knee OA or bilateral knee OA, 2) had taken oral cortico-

steroids in the past 4 weeks, 3) corticosteroid injections within 

the past 3 months prior to testing, 4) had undergone total knee 

Excluded (n = 20)
- Kellgren-Lawrence grade of OA < 2 (n = 5)
- Bilateral knee OA (n = 11)
- Unilateral left knee OA (n = 4)

- Subject s characteristics, pain intensity, pain duration, KOOS subscale
- Symmetry of the angle of foot rotation, step length, percentage of stance and swing phase, and

COP values (length of gait line, anterior/posterior direction and lateral symmetry) during walking

Female volunteers over 50 years old
with and without knee pain (N = 51)

Radiographic confirmation of knee OA

Knee OA group (n = 16) Healthy control group (n = 15)

Measurements

Figure 1.Figure 1. Flow chart of the study. OA, os-
teoarthritis; KOOS, Knee Osteoarthritis 
Outcome Survey; COP, center of pressure.
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arthroplasty, 5) had OA in lumbar and lower limb joints except 

of knee, 6) had a body mass index of > 33 kg/m2, 6) had sys-

temic arthritic conditions, and cognitive, cardiopulmonary and 

neurological impairments that would prevent participation, 

and 7) were not able to walk without assistive device [6,15]. 

Fifteen female subjects participated in age-matched control 

group. Inclusion criteria for the control group 1) were no signs 

of knee OA based on radiographic confirmation of knee OA by 

an OA rheumatologist and 2) were no pain of the knee during 

gait. This study was approved by the Jeonju University Insti-

tutional Review Board (jjIRB-161108-HR-2016-1102). Prior to 

current study, all experimental procedures were explained to 

each subject in detail. All subjects provided written informed 

consent. 

2. Instrumentation

1) Knee Osteoarthritis Outcome Survey 

The Knee Osteoarthritis Outcome Survey (KOOS) is self-

reported questionnaire with high validity and reliability (in-

traclass correlation coefficients = 0.78–0.97) in patients with 

OA in order to assess the opinion of OA patients about knee 

and associated problems [16]. KOOS holds 42 items with five 

subscales (pain, symptoms, activities of daily living, function in 

sport and recreation, and knee related quality of life). A Likert 

scale is used and all items scored from 0 (No Problems) to 4 

(Extreme Problems). Scores are transformed to a 0–100 scale 

using Microsoft Excel, downloaded from http://www.koos.nu 

and ranged from 0 to 100 with higher scores indicating fewer 

knee problems [16]. 

2) Center of pressure measurement system

Zebris-FDM 1.5 force distribution measuring plate (ZEBRIS 

GmbH, Isny, Germany) with 11,264 force sensors was used to 

measure the angle of foot rotation, step length, rate of stance, 

and swing phase and COP during walking. This system have 

high levels of within-day reliability for measuring gait param-

eters with coefficients of variation typically below 7% [17]. 

Two units of the Zebris-FDM 1.5 were connected and made a 

3-meter long measuring plate. Measuring plates were extended 

with an additional 1.5-meter track for the start and end points. 

A sampling rate of 100 Hz. High density of pressure sensors 

can map to visualize subtle changes in force distribution dur-

ing gait. WinPDMS ver. 1.2.2 measuring software provides two 

or three dimensional graphic pattern of COP trajectories and 

generate a “butterfly” pattern, which show a continuous COP 

trace during walking. Three parameters were derived from the 

butterfly; (1) length of gait line (mm): the progression of the 

COP of all steps recorded of one side of the body, (2) anterior/

posterior direction (mm): defined as the shift of the COP inter-

section point towards forwards or backwards direction, “zero 

position” means the rearmost place where the heel contacts 

the ground, and (3) lateral symmetry (mm): the shift of the COP 

intersection point towards left/right direction; “zero position” 

indicate perfect symmetry (Figure 2). Negative value means a 

shift to the left, and a positive value means a shift to the right.

3. Procedure

Following anthropometric assessment, all subjects reported 

their average knee pain during walking over the past week 

on a VAS and completed the KOOS. Subjects in healthy group 

also completed the KOOS, because none of the KOOS scores 

reached the maximum value (100) [18]. For familiarization, 

all subjects walked barefoot at individualization, all subjects 

walked over the FDM-S pressure mat. And then, ten gait trials 

were performed for each subject and recorded the data in the 

middle of eight gait trial to consider the effects of initiation 

and termination of the gait [19,20]. Symmetry of COP values 

(anterior/posterior direction and lateral symmetry) was showed 

automatically in proprietary software. The software was also 

used to show the angle of foot rotation, step length, percentage 

of stance, and swing phase. In order to calculate the symmetry 

of the angle of foot rotation, step length, percentage of stance 

and swing phase, and length of gait line between both side of 

the leg, current study used symmetry index, that is used as the 

most sensitive measurement of symmetry of the gait in regard-

ing to spatial-temporal parameters [20]. The symmetry index 

A B

Figure 2.Figure 2. Butterfly diagrams of lateral symmetry of center of pressure 
during walking: (A) Healthy subject, (B) Patient with unilateral knee os-
teoarthritis. 

http://www.koos.nu/
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was a percentage assessment, which was calculated by the dif-

ferences of gait parameters between both lower limbs against 

average value. The value of symmetry index = 0 indicates full 

symmetry. The formula of symmetry index = |(Xside1 – Xside2)| / 

[0.5 × (Xside1 + Xside2)] × 100 [21]. 

4. Statistical analysis

As a result of Kolmogorov–Smirnov tests for evaluation of the 

normality of each variable, all symmetry index of gait param-

eters and COP were non-parametric data except of the data of 

anterior/posterior position of COP. Anthropometric data and 

scores of each subscale of KOOS between groups were evalu-

ated using Mann–Whitney U-test. We compared the between-

limb symmetry of angle of foot rotation, step length, swing 

phase, stance phase, length of gait line, lateral symmetry of 

COP and anterior/posterior position of COP between patients 

with knee OA and healthy controls using Mann–Whitney U-test 

or independent t-test. Relationships between clinical measures 

and values of symmetry index measured using Spearman’s 

correlation test. Level of Spearman’s correlation was ranged as 

follows; weak level 0.20–0.39, moderate level 0.40–0.59, strong 

level 0.60–0.79 and very strong 0.80–1.0. The level of signifi-

cance was set at α = 0.05. The SPSS 21 (IBM Co., Armonk, NY, 

USA) was used for statistical analysis.

RESULTS

Characteristics of the subjects, stratified by group, are shown 

in Table 1. Both groups were similar in age, weight, height, 

waist circumference and body mass index (p > 0.05). 

Knee OA group showed greater values of lateral symmetry of 

COP (p < 0.01) than healthy group. There were no significant 

differences in another gait and COP variables between groups 

(p > 0.05) (Table 2).

With regarding to correlation’s results, lateral symmetry of 

COP had moderate or strong correlation with the intensity 

of knee pain (ρ = 0.61, p < 0.01), pain duration (ρ = 0.60, p < 

0.01), symptom subscale (ρ = –0.71, p < 0.01), pain subscale (ρ 

= –0.58, p < 0.01), activities of daily living subscale (ρ = –0.70, 

p < 0.01), function in sport and recreation subscale (ρ = –0.63, 

p < 0.01) and quality of life subscale of KOOS (ρ = –0.56, p < 

0.01). No significant or weak or moderate levels of correlation 

were noted between another gait or COP variables and clinical 

variables (Table 3). 

DISCUSSION

Current study compared the between-limb asymmetry of 

gait and COP parameters between patients with knee OA and 

healthy controls and explored the association between knee 

OA related clinical variables and gait and COP parameters. 

Results from current study indicate that patients with radio-

graphic knee OA demonstrate more asymmetry in lateral COP-

shift than healthy controls and significant correlation between 

clinical factors related knee OA and lateral symmetry of COP. 

Previous researches have demonstrated between-limb kine-

matic and kinetic asymmetries in frontal planes of individu-

als with knee OA during walking [4,22,23]. Current study also 

demonstrated the asymmetry of lateral COP-shift in patients 

with knee OA, specifically COP of knee OA group was more 

shifted laterally toward symptomatic side (p < 0.01) than 

Table 1.Table 1. Subject’s characteristics and clinical measures

Characteristics
Knee OA 

group
Healthy control 

group
p-value

Number of subjects (female) 16 15 -
Painful side Right (n = 16) - -
Age (y) 62.9 ± 7.4 60.0 ± 3.3 0.40
Height (m) 156.6 ± 4.4 157.6 ± 5.4 0.59
Weight (kg) 60.5 ± 11.5 57.4 ± 6.8 0.59
Body mass index (kg/m2) 24.7 ± 4.5 23.1 ± 2.0 0.26
Waist circumference (cm) 90.6 ± 9.0 86.9 ± 5.4 0.20
Level of knee OA 2.37 ± 0.9 1.3 ± 0.7 < 0.01
Intensity of knee pain (cm) 6.1 ± 1.8 0.0 ± 0.0 < 0.01
Pain duration (months) 52.2 ± 41.0 0.0 ± 0.0 < 0.01
Symptomsa 42.6 ± 12.3 94.5 ± 2.7 < 0.01
Paina 42.0 ± 14.8 97.0 ± 1.9 < 0.01
Activities of daily livinga 47.2 ± 17.3 89.6 ± 5.5 < 0.01
Sport and recreationa 24.1 ± 23.0 64.0 ± 10.4 < 0.01
Quality of lifea 25.0 ± 16.8 82.9 ± 15.6 < 0.01

Values are presented as mean ± standard deviation. OA, osteoarthritis. 
aSubscale for the Knee Osteoarthritis Outcome Survey.

Table 2.Table 2. Comparison of symmetry of gait parameters between groups 

Characteristics
Knee OA 

group
Healthy control 

group
p-value

SI of angle of foot rotation (%) 68.2 ± 66.1 53.3 ± 33.6 0.71
SI of step length (%) 4.4 ± 4.7 5.7 ± 4.7 0.52
SI of stance phase (%) 5.8 ± 5.0 6.1 ± 5.7 0.14
SI of swing phase (%) 3.0 ± 2.3 3.8 ± 2.0 0.13
SI of length of gait linea (%) 3.2 ± 2.2 4.0 ± 2.1 0.07
Anterior/posterior positiona 
   (mm)

139.7 ± 8.8 140.8 ± 9.1 0.74

Lateral symmetrya (mm) 3.1 ± 7.3 –2.6 ± 2.2 < 0.01*

Values are presented as mean ± standard deviation. OA, osteoarthritis; 
SI, symmetry index. aThe variables of center of pressure. *p < 0.05.
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healthy control group. This result can be explained with com-

pensatory ipsilateral trunk leaning toward symptomatic side of 

knee OA during walking. Patients with severe knee OA exhib-

ited more ipsilateral trunk leaning toward more symptomatic 

side than healthy control and patients with moderate knee 

OA [22]. Excessive trunk lean during walking may be a natural 

compensatory mechanism to knee OA, and patients with knee 

OA adopt compensatory trunk leaning to receive the mechani-

cal benefit during walking [3,24]. Even though current study 

did not measure the trunk motion during gait, patients with 

knee OA also may adopt trunk leaning strategy based on the 

results of lateral COP-shift towards the affected side. Because 

current study demonstrated asymmetrical lateral COP-shift 

towards to affected side in knee OA patients, it is feasible that 

this finding can be useful for physiotherapist when assessing 

the quality of gait and applying feedback training using pres-

sure mat or pressure insole in order to reduce the lateral COP-

shift during gait. 

Interestingly, current study found significant moderate or 

strong association between asymmetrical lateral COP-shift to-

wards to symptomatic side during walking and knee OA related 

clinical variables. More lateral COP-shift occurred, more inten-

sity and duration of knee pain got worse in correlation analysis 

in current study. In addition, more lateral COP-shift increase, 

more KOOS scores of pain, symptom, function in daily living/

sports and quality of life subscales also decreased, meaning get-

ting worse of functional scores in results of KOOS. In previous 

results, amount of trunk leaning during walking have just weak 

correlation (Pearson’s r = 0.25) with WOMAC pain score in pa-

tients with unilateral and/or bilateral knee OA [22]. All subjects 

in current study had unilateral knee OA with no pain, symptom 

and radiological features of sound side, resulting higher cor-

relation when comparing the correlation of the previous study 

[22]. These findings mean that patients with knee OA tend to 

walk asymmetrically toward lateral direction as to level of pain 

severity and functional score of knee OA getting worse. Based 

on these significant relationships, clinicians tend to consider 

lateral symmetry of COP as a relevant clinical marker of pain 

severity and mobility deficits in knee OA. However, although 

current results provide a potential relationship between asym-

metrical COP laterality and knee OA related pain/function, giv-

en that current study was cross-sectional design, we could not 

determine that any patients with knee OA increase the amount 

of lateral COP-shift as their pain intensity increase.

Although our subjects had unilateral knee OA, symmetry of 

the angle of foot rotation showed no significant differences 

between knee OA group and healthy controls and no signifi-

cant association with any clinical variables. Adopting a toe-out 

strategy during walking in patients with knee OA is effective 

for the reduction of load on the medial compartment of knee 

joint as well as knee adduction moment, inducing to relieve 

pain [25]. However, healthy older females without knee OA 

walk with external rotation at the foot to reduce knee adduc-

tion moment during late stance phase, as well as patients with 

knee OA [25,26]. Similar toe-out pattern of foot progression in 

both older females with and without knee OA may lead to no 

significant difference. We also measured between-limb sym-

metry of step length and anterior/posterior position of COP, 

but found no significant differences between groups and no 

significant correlations with knee OA related pain and func-

tional variables. Since there are higher associations between 

frontal plane motion of hip and ankle in knee OA patients 

rather than sagittal plane [22,23,27], step length and anterior/

posterior position of COP intersection point between limbs, 

which were influenced by sagittal kinetic and kinematic of the 

hip and ankle joint, might not differ between OA group and 

Table 3.Table 3. Spearman’s correlation coefficients between clinical measures and gait parameters

Variable Intensity of pain Pain duration
KOOS subscale

Symptom Pain ADL Sport QOL

SI of angle of foot rotation 0.12 (0.53) –0.03 (0.86) –0.15 (0.41) –0.22 (0.24) –0.18 (0.34) –0.22 (0.24) –0.25 (0.18)
SI of step length 0.11 (0.56) 0.09 (0.63) –0.23 (0.22) –0.16 (0.39) –0.12 (0.52) 0.05 (0.78) 0.12 (0.51)
SI of stance phase 0.22 (0.23) 0.38 (0.04) –0.43* (0.02) –0.31 (0.09) –0.34 (0.66) –0.30 (0.10) –0.20 (0.28)
SI of swing phase 0.13 (0.48) 0.34 (0.06) –0.34 (0.06) –0.15 (0.40) –0.20 (0.28) –0.25 (0.18) –0.24 (0.20)
SI of length of gait linea 0.36 (0.05) 0.29 (0.11) –0.20 (0.27) –0.24 (0.20) –0.28 (0.14) –0.28 (0.13) –0.38* (0.04)
Anterior/posterior positiona 0.10 (0.59) 0.16 (0.40) –0.18 (0.32) –0.27 (0.14) –0.17 (0.35) –0.21 (0.27) 0.26 (0.16)
Lateral symmetrya 0.61* (< 0.01) 0.60* (< 0.01) –0.71* (< 0.01) –0.58* (< 0.01) –0.70* (< 0.01) –0.63* (< 0.01) –0.56* (< 0.01)

Values are presented as ρ (p value). SI, symmetry index; KOOS, Knee Osteoarthritis Outcome Survey; ADL, activities of daily living; QOL, quality of life. aThe 
variables of center of pressure. *p < 0.05.
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healthy group, and there was no association with knee pain 

intensity and functional scores. 

A limitation of current study was the relatively small sample 

size in current study when comparing the previous gait-related 

study [28,29]. A second limitation was that all subjects had 

only unilateral knee OA due to the purpose of the current 

study, investigating the symmetry or asymmetry. Thus, these 

findings cannot be generalized to patients with bilateral knee 

OA. Thirdly, current the study had a cross-sectional design, 

meaning we were unable to investigate the cause and effect 

relationship between lateral symmetry of COP and knee OA-

related clinical variables. Future longitudinal and prospective 

cohort studies should be undertaken to further investigate this 

relationship in patients with knee OA. Lastly, since asymmetry 

of angle of foot pronation and hallux valgus can influence the 

asymmetry of foot pressure pattern as well as knee joint mus-

culoskeletal elements [30,31], further study would be needed to 

specify the risk factors related to knee OA, including asymmet-

ric foot posture. 

CONCLUSIONS

Current results have clinical importance given that patients 

with radiographic unilateral knee OA and pain showed more 

asymmetry of lateral COP-shift during walking compared 

with matched healthy controls. In addition, decreased lateral 

symmetry of COP has moderate or strong correlation with 

increased knee pain, longer pain duration, and worse KOOS 

scores. Due to the cross-sectional nature of the current study, 

it is not difficult to figure out why laterality of COP between 

limb occur, however, it is possible that asymmetry of lateral 

COP-shift between limbs may be one of the characteristics of 

unilateral knee OA as the compensatory strategy response to 

knee OA.
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