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Abstract

Introduction This study aimed to examine the interaction effect between ambulatory physical activity (PA) and varus thrust on
knee pain in individuals with knee osteoarthritis (OA).

Method Subjects (n=207; mean age: 73.1 years, 71.5% women) in orthopedic clinics with diagnosed knee OA (Kellgren/
Lawrence grade > 1) were enrolled in this 12-month observational cohort study. Participants underwent gait observation for varus
thrust assessment and pedometer-based ambulatory PA measurements at baseline and 12-month follow-up. Knee pain intensity
was assessed using the Japanese Knee Osteoarthritis Measure pain subscale as a primary outcome measure. Multiple linear
regression analyses were performed to evaluate ambulatory PA—thrust interaction on knee pain intensity.

Results Ninety-two subjects (mean age, 73.4 years; 68.5% women) completed the 12-month follow-up assessment. Baseline
ambulatory PA—thrust interaction was significant (P = 0.017) in the cross-sectional analysis, adjusting for covariates, which yielded
R*=0.310. Subgroup analysis showed that varus thrust was significantly associated with worse knee pain in subjects walking
> 5000 steps/day adjusting for covariates (beta: 7.94; 95% CI: 3.82, 12.1; P < 0.001) with a higher predictive ability (R> = 0.664). In
contrast, ambulatory PA—thrust interaction in the longitudinal analysis showed no significant association with knee pain changes.

Conclusions Ambulatory PA interacted with varus thrust in the association with knee pain, as coexisting high ambulatory PA and
varus thrust had the strongest association with higher knee pain. Maximal pain relief effects might be achieved when both
ambulatory PA and varus thrust are treated simultaneously, rather than treating each separately.

Keywords Interaction - Knee pain - Physical activity - Varus thrust
Introduction not physically active [2, 3], increasing ambulatory physical
activity (PA) has been consistently recommended, and its ef-
fectiveness for pain reduction has been reported in systematic
reviews [4]. However, both physical therapists and older

Knee pain, attributed to knee osteoarthritis (OA), is a common
disabling problem [1]. Since most subjects with knee OA are
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adults with knee pain have concerns regarding the safety of
long-term ambulatory PA [5-7]. Quicke et al. recently con-
ducted an extensive literature review evaluating PA safety and
found that increased knee pain after PA intervention was re-
ported in 0-22% of cases [8]. Although they concluded that
long-term PA is safe without any severe adverse events [8],
exacerbation of knee pain should be minimized, given that
these may cause PA avoidance and subsequent functional de-
cline, owing to fear of worsening knee pain [9].

Excessive and repetitive abnormal loading may be critical
factors in the development of knee pain [10, 11] with an in-
teraction of psychosocial factors [12]; yet, the underlying
mechanisms are unclear. Varus thrust during gait is an easily
assessed measure of frontal plane dynamic knee motion that is
defined as the dynamic worsening or abrupt onset of varus
motion during weight acceptance [13, 14]. The varus thrust
is associated with higher knee pain [15], worsening knee pain
within 24 months [16], and higher odds of structural progres-
sion of knee OA within 18 to 24 months [17, 18]. It is plausi-
ble that assessing knee loading frequency (i.e., ambulatory
PA) in conjunction with varus thrust, a surrogate of excessive
loading, may be a better indicator of worsened knee pain in
subjects with knee OA [11]. Specifically, varus thrust may
modify the relationship between ambulatory PA and knee
pain, or vice versa. If a significant interaction relationship
exists, one might expect subjects with varus thrust with high
ambulatory PA to have the greatest knee pain. However, no
research has directly tested the interaction between ambulato-
ry PA and varus thrust on knee pain.

This exploratory 12-month cohort study aimed to examine
the interaction effects between varus thrust and concurrent
and/or change in ambulatory PA on concurrent and/or change
in knee pain in individuals with knee OA. A plausible hypoth-
esis was that (1) varus thrust and ambulatory PA produce
interaction effects on concurrent knee pain, and
coexisting high ambulatory PA and observed varus thrust
have the strongest association with higher knee pain; (2)
varus thrust and change in ambulatory PA produce inter-
action effects on change in knee pain, and coexisting
varus thrust and increased ambulatory PA during a 12-
month follow-up period aggravate knee pain at the 12-
month follow-up.

Materials and methods

Participants

A 12-month cohort study, subjects described in the previous
study, investigated the relationship between ambulatory PA,
knee pain, and physical function (mean age: 73.1 years, BMI:

24.2, 71.5% women) [2]. The required sample size in the
previous observational study was calculated based on the pilot
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data from a community orthopedic clinic (20 subjects) to de-
tect the statistically significant difference in gait velocity be-
tween four ambulatory PA-based groups. Details for sample
size calculation are provided in the original study [2]. In total,
207 patients with knee OA were recruited from the community
orthopedic clinic. An advertisement requesting patients who
were visiting clinics for conservative OA knee treatment was
distributed; thus, all recruited patients had a history of pain in
one or both knees. Inclusion criteria were (i) age > 50 years;
(ii) knees with a Kellgren/Lawrence [K/L] grade [19] > 1 in
one or both knees, evaluated using anteroposterior weight-
bearing radiographs of the tibiofemoral (TF) joint; and (iii)
ability to walk independently on a flat surface, without walk-
ing aids. The exclusion criteria were (i) history of knee sur-
gery, (ii) theumatoid arthritis, (iii) periarticular fracture, or (iv)
presence of neurological diseases. Written informed consent
was obtained from all participants before enrollment. This
study was approved by the ethical committee of our institution
(approval number: E1923). We included patients with K&L
grade > 1 because pre-radiographically defined knee OA, par-
ticularly K&L grade 1, predicts radiographic OA progression
to at least grade 2 within 3-5 years [20, 21].

Measurements

For all patients, the following measurements were evaluated at
both the baseline and the 12-month follow-up: (i) ambulatory
PA, (ii) varus thrust during gait, and (iii) OA-related knee pain
intensity [22]. Demographic characteristics (i.e., age, sex,
weight, and height) and radiographic OA severity were also
assessed as covariates.

Ambulatory PA

Free-living step counts (steps/day) were evaluated using a
pedometer (Yamax Power Walker EX-300; Yamasa Tokei
Keiki Co., Ltd., Tokyo, Japan) that provided mean step counts
within 3% of the actual step counts [23] and were validated in
free-living conditions [24]. A pedometer is a simple tool to
objectively quantify ambulatory PA and is used clinically to
motivate sedentary individuals with musculoskeletal disease
[25]. We distributed the pedometer and an activity calendar to
the participants for recording step counts at the time of each
measurement. Patients were instructed to wear the pedometer
in the pocket of their dominant leg for 14 consecutive days
and to remove it when bathing, sleeping, or performing water-
based activities. The patients were also asked to write down
the number of steps at the end of each day. The pedometers
and activity calendars were sent to our laboratory by mail after
14 days and the average number of steps was calculated. The
sample was restricted to patients who wore the pedometer for
at least 10 days, which was more than enough to reliably
estimate PA (i.e., 3 days) [26].
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Varus thrust

Gait was recorded while the patients were walking 10 m
away from and toward a 60 fps stationary camera (HDR-
CX550V; Sony Corp, Sony Marketing Inc., Tokyo, Japan)
at a self-selected speed, with their pants rolled up to ex-
pose the knees. Footwear influences balance performance
[27, 28] and walking speed [28]; thus, to prevent potential
bias from their own footwear, all participants walked un-
der barefoot. During recording, camera location and
height of the stationary camera were consistent for all
subjects. The height of the camera was set for the sacrum
to lower lumbar levels that correspond to the center of
mass, although there was inter-individual variability of
patients’ height. Two experienced physical therapists (HI
and NF) who had > 6 years of clinical experience in the
orthopedic field classified varus thrust in patients’ knees
as being definitely present, possibly present, or definitely
absent using recorded movies [15]. These patients were
categorized into two groups: “with definite varus thrust”
(including patients with only varus thrust being definitely
present) and “without definite varus thrust” (including
those with varus thrust being possibly present and those
with varus thrust being definitely absent) [15]. The exam-
iners evaluated both knees in each patient using the re-
corded movies without knowledge of each patient’s clin-
ical status. Previously reported intra-rater reliability was
excellent (k=0.92 [NF] and 0.81 [HI]) and inter-rater
reliability between the examiners was good (x=0.73)
[29].

JKOM pain and stiffness

The Japanese Knee Osteoarthritis Measure (JKOM) is a
patient-based, self-answered evaluation scoring system that
assesses “pain and stiffness” (8 questions, 0-32 points),
“activities of daily living” (10 questions, 0—40 points),
“participation in social activities” (5 questions, 0-20
points), and “general health conditions” (2 questions, 0—8
points), with a maximum score of 100 points in a person-
specific assessment [22]. Severity of self-reported knee pain
was evaluated using the JKOM subcategory “pain and
stiffness” that focuses on knee pain during daily activities,
such as using the stairs, knee bending, standing up, and
walking (higher score represents extreme pain). The
JKOM is a patient-based self-answered evaluation score
that includes pain-related items reflecting the Japanese cul-
tural lifestyle [22]; thus, JKOM pain and stiffness score was
included as primary outcome in this study. The concurrent
and construct validities of the JKOM were established by
comparing the Western Ontario and McMaster Universities
Arthritis Index (WOMAC) and the Medical Outcomes
Study 36-item Short-Form Health Survey [22].

Covariates

Data on age, sex, and height were self-reported by patients.
Body mass was measured on a scale, with participants wear-
ing their clothes without shoes. Radiographic OA severity at
baseline was assessed in the anteroposterior short view in the
weight-bearing position using the K/L grading system by
trained examiners (TA) [19].

Statistical analyses

Since this was an exploratory study, rather than a hypothesis
testing study, the sample size was not estimated before
conducting the study. The number of eligible patients attend-
ing the clinics during the study period was determined as the
sample size. To minimize any bias produced by similarities
between the right and left knees of the same patients, only the
index knee was evaluated which was defined as the more
painful knee in the baseline or past. If patients felt that their
knees were equally painful, the index knee was selected
randomly.

To test the hypotheses that statistical interaction exists be-
tween (i) baseline ambulatory PA and varus thrust on the knee
pain intensity and (ii) change in ambulatory PA and varus
thrust on the change in knee pain intensity, multiple linear
regression analyses were performed based on the following
two scenarios: (i) cross-sectional: baseline JKOM pain and
stiffness as a dependent variable and baseline ambulatory
PA, varus thrust, and their interaction as an independent var-
iable; (i) longitudinal: change in JKOM pain and stiffness as
dependent variable and change in ambulatory PA, varus
thrust, and their interaction as an independent variable. We
checked the regression model features by comparing the re-
siduals vs. fitted values (i.e., the residuals had to be normally
distributed around 0) and independence between observa-
tions. In these analyses, age, sex, body mass index (BMI),
and index knee TF joint K/L grade were included as covari-
ates. These covariates were chosen a priori based on clinical
judgment, as they might be associated with ambulatory PA,
varus thrust, and OA clinical symptoms. Mixed linear regres-
sion was not performed in this study due to the concern that
we were underpowered to assess three-way interactions (i.e.,
time, ambulatory PA, and varus thrust). Results were present-
ed as beta with a 95% confidence interval (CI) per 1000 steps
since it is more reasonable and interpretable than a single step.

Post hoc subgroup analyses were performed. To test the
interaction when the effect modifier was varus thrust, separate
multiple regression analyses were performed, with varus
thrust included as an independent variable at each ambulatory
PA level. In this analysis, ambulatory PA was categorized into
step-based PA groups based on previously suggested cut-off
points by Tudor-Locke et al. [30] (1: <2500 steps/day, 2:
25004999 steps/day, and 3: >5000 steps/day). These cut-
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off values corresponded to the tertile of participants in this
study. Furthermore, to test the interaction when the effect
modifier was ambulatory PA, multiple regression analysis
was performed with ambulatory PA (continuous) as an inde-
pendent variable in patients with and without varus thrust. In
these analyses, covariates were included as mentioned above.
Each model in these subgroup analysis had two steps. In step
1, covariates were included. In step 2, varus thrust or ambula-
tory PA was further included. Since this was an exploratory
study, the type I error rate was not adjusted for multiple com-
parisons. Data analyses were performed using JMP Pro 13.0
(SAS Institute, 100 SAS Campus Drive Cary, NC, USA).
P <0.05 was considered to be statistically significant.

Results

In total, 207 patients were initially enrolled at the baseline;
however, 115 patients were lost to follow-up; the final sample

included 92 patients/knees. Patients who failed to complete
the follow-up study were unable to be contacted or declined
to be followed up for non-specific reasons. No patients’ char-
acteristics at baseline statistically differed between completers
and non-completers (Table 1). Changes in clinical symptoms,
disability, and ambulatory PA during the 12-month follow-up
had a large variability among patients; the mean changes in the
JKOM score were —0.12 +4.56 points in pain and stiffness,
0.74 £5.00 points in activities of daily living, and 0.76 + 11.8
points in the total score. The mean change in the ambulatory
PA was 441 + 1143 steps/day.

Interaction relationship between varus thrust
and ambulatory PA

In the cross-sectional analysis, varus thrust and baseline am-
bulatory PA x varus thrust were significantly associated with
baseline JKOM pain and stiffness after adjustment of covari-
ates (Table 2). The adjusted model in the cross-sectional

Table 1 Comparison of baseline characteristics between completers (n = 92) and non-completers (n = 115)*

Variable Completer (n=92) Non-completer (n=115) P value™
Age, years 73.4+791 72.9+7.48 0.759
Female, no. (%) 63 (68.5) 85(73.9) 0.390
Height, meters 1.56+0.08 1.55+0.07 0.715
Body mass, kg 58.8+10.4 58.6+10.4 0.779
BMI, kg/m? 24.1+3.58 24.3+4.08 0.850
Tibiofemoral joint K/L grade, no. (%) 0.600

Grade 1 32 (34.8) 35(30.4)

Grade 2 36 (39.1) 40 (34.8)

Grade 3 16 (17.4) 25(21.7)

Grade 4 8 (8.7) 15 (13.0)
JKOM

Pain and stiffness (0-32 points) 7.97+£5.85; 73, 12]1 8.80+£5.95; 8 [4, 12]F 0.298

Activities of daily living (040 points) 6.95+6.95; 5[1, 11]} 7.49+6.35; 6 [2, 12]F 0.280

Participation in social activities (020 points) 343+£3.82;211, 5]t 3.56+£3.46;3[1, 5] 0.567

General health conditions (0-8 points) 2.83+1.60; 3 [2, 4]F 3.09+1.58; 3 [2, 4]F 0.324

Total score (0—100 points) 21.2+15.3; 17 [10, 29]F 22.9+14.9; 19 [12, 33]} 0.320
Presence of varus thrust, no. (%) 19 (20.7) 27 (23.5) 0.627
Ambulatory PA, steps/day 4113+2424 4542 +2872 0.481
PA category, no. (%) 0.543

<2500 steps/day 29 (31.5) 29 (25.2)

25004999 steps/day 32 (34.8) 47 (40.9)

> 5000 steps/day 31 (33.7) 39 (33.9)

BMI body mass index, K/L grade Kellgren/Lawrence grade, JKOM Japanese Knee Osteoarthritis Measure, PA physical activity

*Except where otherwise indicated, values are mean + SD

*#P values are calculated using Mann-Whitney U test (age, height, body mass, BMI, JKOM score, and ambulatory PA), Chi-square test (female,

tibiofemoral joint K/L grade, presence of varus thrust, and PA category)

tMedian [lower interquartile range, upper interquartile range] of the JKOM scores is also provided
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Table 2 Results of multiple regression analyses illustrating the association between ambulatory PA and the JKOM pain and stiffness score in cross-
sectional and longitudinal studies (n =92)

Independent variable Dependent variable Beta (95% CI) Standard beta ~ R? P value
Cross-sectional 0.370

Baseline ambulatory PA, per 1000 steps/day ~ Baseline JKOM pain and stiffness ~ —0.324 (= 0.797,0.149) - 0.133 0.177
Varus thrust (0: absence, 1: presence) 3.231 (0.485, 5.977) 0.222 0.022
Baseline ambulatory PA x varus thrust 1.173 (0.248, 2.098) 0.228 0.014
Longitudinal 0.048
Ambulatory PA change, per 1000 steps/day ~ JKOM pain and stiffness change —0.294 (—1.188, 0.600) —0.074 0.515
Varus thrust (0: absence, 1: presence) —0.118 (—2.884,2.649) —0.011 0.933
Ambulatory PA change x varus thrust 0.880 (—1.567, 3.328) 0.084 0.477

JKOM Japanese Knee Osteoarthritis Measure, PA physical activity, 95% CI 95% confidence interval

Beta (95% CI) and standard beta were calculated to indicate predictive ability of ambulatory PA, varus thrust, and ambulatory PA x varus thrust, while
simultaneously including (one-step model) age (continuous), female sex, BMI (continuous), and K/L grade (continuous) in the multiple regression model

Italics represent a statistically significant result

analysis yielded R* = 0.370. In contrast, longitudinal analysis
showed no significant association of any independent vari-
ables with JKOM pain and stiffness changes.

Post hoc subgroup analysis

Patients’ characteristics stratified by PA category are provided
in Supplementary Table 1. Varus thrust was significantly as-
sociated with worsened knee pain in subjects walking > 5000
steps/day (R* = 0.664), however not in those walking <2500
steps/day (R* = 0.514) and 2500-4999 steps/day (R* = 0.270)
after adjustment of covariates (Table 3). Among subjects
walking > 5000 steps/day, the additive effects of varus thrust
explained an additional 21.1% of variance (i.e., AR?) above
that of covariates which was much higher than in subjects
walking <2500 steps/day (AR?=1.8%) and 2500-4999
steps/day (AR =0.2%).

Table 3
PA category (n=92)

When ambulatory PA was included as a predictor (Table 4),
increased ambulatory PA was significantly associated with
decreased knee pain in subjects without varus thrust (R* =
0.265), however not in those with varus thrust, after adjust-
ment of covariates (R* = 0.336). The additive effects of ambu-
latory PA above that of covariates were comparable between
subjects with (AR = 8.0%) and without (AR* = 5.8%) varus
thrust.

A graphic illustration of the cross-sectional ambulatory
PA—varus thrust interaction is provided in Fig. la.
Ambulatory PA was significantly associated with JKOM
pain and stiffness only in knees without varus thrust. The
relationship in knees with varus thrust did not show sig-
nificance; however, a positive association was shown.
Figure 1b shows the comparison of JKOM pain and stiff-
ness between subjects with and without varus thrust in
each ambulatory PA category, which clearly shows that

Subgroup analysis of the relationship between varus thrust and the JKOM pain and stiffhess score in cross-sectional study in each standardized

Independent variable Step <2500 steps/day n =29

2500-4999 steps/day n =32

>5000 steps/day n=31

With thrust n=8

With thrust n =5

With thrust n =6

Without thrust n =21

Without thrust n =27

Without thrust n =25

Beta (95% CI) R AR?  Beta (95% CI) R? AR?  Beta (95% CI) R? AR?
Covariate 1 - 0.252 0252 - 0512 0512 - 0.453 0453
Varus thrust 2 2316 (— 4203, 8.834) 0.270 0.018 0.715 (— 3.891,5.321) 0.514 0.002 7.942 (3.820, 12.06) 0.664 0.211

95% CI 95% confidence interval

Beta (95% CI) was calculated with the presence of varus thrust to indicate their predictive ability while simultaneously including (one-step model) age
(continuous), female sex, BMI (continuous), and K/L grade (continuous) in the multiple regression model

Italics represent a statistically significant result
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Table4  Subgroup analysis of the relationship between ambulatory PA and the JKOM pain and stiffhess score in cross-sectional study in knee with and

without varus thrust (n =92)

Independent variable Step With varus thrust n=19 Without varus thrust n =73

Beta(95% CI) R? AR? Beta(95% CI) R? AR?
Covariate - 0.256 0.256 - 0.207 0.207
Ambulatory PA (per 1000 steps/day) 2 0.604 (— 0.434, 1.641) 0.336 0.080 — 0.643 (— 1.202, — 0.085) 0.265 0.058

PA physical activity, 95% CI 95% confidence interval

Beta (95% CI) was calculated with the increase in ambulatory PA per 1000 steps/day to indicate their predictive ability while simultaneously including
(one-step model) age (continuous), female sex, BMI (continuous), and K/L grade (continuous) in the multiple regression model

Italics represent a statistically significant result

the difference in mean of JKOM pain and stiffness in-
creases as PA shifts to the more active group.

Discussion

This study found that varus thrust and ambulatory PA pro-
duced interaction effects on knee pain (Fig. 2a), and the

Fig. 1 Illustration of the
interaction relationship of the
ambulatory PA with varus thrust.
a Relationship of baseline
ambulatory PA and JKOM pain
and stiffness score in subjects
with and without varus thrust.
Spearman correlation coefficients
(95% CI) are provided in the
figure. Linear regression lines are
also provided. Note that
individuals with varus thrust had a
high variability in ambulatory PA.
b Relationship of the varus thrust

i)

30

Baseline JKOM Pain and Stiffness (points)

impact of varus thrust on increased knee pain was the stron-
gest in individuals walking > 5000 steps/day (Fig. 2b). These
results support our hypothesis. Although results of a longitu-
dinal study did not support the interaction relationship and our
hypothesis, this study enlightened the novel cross-sectional
relationship between PA and knee pain or varus thrust and
knee pain. These preliminary findings warrant validation in
future studies with larger sample sizes.

and JKOM pain and stiffness in
subjects walking <2500 steps/ 0
day, 25004999 steps/day, and >
5000 steps/day. Values are the

means + 95% CI of the indepen-
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Fig. 2 Graphic abstract. a Varus a
thrust during gait interacts with
ambulatory PA in the association
with knee pain. b Influence of
varus thrust on higher knee pain
was the strongest in individuals
walking > 5000 steps/day. Effect
sizes (ESs) with their 95% confi-
dence intervals (CIs) of thrust
presence (vs. non-thrust) on knee
pain in individuals walking <
2500 and > 5000 steps/day are b
provided

Physical / l

Activity LA%)

vs. Non-thrust  ES (95% CI)
Knee pain3ys 7.94 (3.82, 12.1)

Varus Thrust

vs. Non-thrust  ES (95% CI)
Knee pain3 2.32 (-4.20, 8.83) >5000
steps/day
Varus Thrust 2500_4999
steps/day

<2500

steps/day

Key findings and potential mechanism
of the interaction between varus thrust
and ambulatory PA

The observed significant interaction relationship between
ambulatory PA and varus thrust on knee pain intensity has
not been previously reported. Results of subgroup analy-
sis stratified by ambulatory PA demonstrated that the var-
iance on increased knee pain explained by varus thrust in
individuals walking >5000 steps/day was much higher
than those in individuals walking <2500 steps/day and
25004999 steps/day. This data indicate an improved ex-
planatory power of varus thrust on knee pain intensity by
stratifying ambulatory PA. Moreover, results of subgroup
analysis stratified by varus thrust demonstrated that sub-
jects with coexisting higher ambulatory PA and varus
thrust showed significantly higher knee pain, while those
with higher ambulatory PA without varus thrust showed
non-significant lower knee pain. These data indicate the
importance of assessing ambulatory PA in the relationship
between varus thrust and knee pain or assessing varus
thrust in the relationship between ambulatory PA and knee
pain.

Longitudinal data did not clearly support these rela-
tionships with a low predictive ability of the included
model, indicating an existence of other factors associated
with change in knee pain intensity. A previous systematic
review suggested that bilateral knee symptoms and de-
pressive symptoms are strong prognostic factors of knee

pain deterioration [31]. Biomechanical alterations during
long-distance walking might be a potential confounder,
since some older adults change their walking strategy
for long-term walking [32]. These potential confounders
should be considered in future studies. Furthermore, the
follow-up period in the present study was 12 months,
which might be too short to show knee pain exacerbation.
Wink et al. revealed in a large cohort study that people
with varus thrust worsened WOMAC knee pain within
24 months [16]. Bastick et al. identified patients who
had different pain trajectories over 5-year follow-up; how-
ever, the mean change in knee pain intensity was small at
1-year follow-up, even in those showing progressive ex-
acerbation of knee pain at the 5-year follow-up [33],
which supports this interpretation.

Potential mechanisms underlying the significant interac-
tion between ambulatory PA and varus thrust observed in
the cross-sectional data are unclear. Previous work showed
that individuals with varus thrust have larger knee adduc-
tion moment during gait [13] and higher odds of worsening
medial cartilage loss and bone marrow lesions [18], thought
to be related to bone trauma. Knees with varus thrust may
undergo an abnormal loading that may exceed the articular
tissue capacity through repetitive daily walking, which
might cause development or enlargement of the bone mar-
row lesions. Observed interaction relationship between am-
bulatory PA and varus thrust might be due in part to the
abnormal and cumulative joint loading, which should be
verified in the future studies.
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Practical relevance and future direction

Varus thrust during gait and ambulatory PA are mechanical
factors that can be managed non-surgically. Varus thrust is
treatable using bracing, neuromuscular training, and gait
retraining [34]. Ambulatory PA can be controlled by using a
pedometer [25]. The practical relevance of the interaction be-
tween two modifiable factors was a function of treatment ob-
jectives. When treating the varus thrust to reduce knee pain,
evaluating the ambulatory PA would be important since the
relationship of varus thrust with knee pain may be moderated
by PA level. Treating varus thrust may be less effective in
improving knee pain in sedentary patients. Conversely, when
controlling ambulatory PA, evaluating the presence of varus
thrust during gait is important. The relationship between am-
bulatory PA and knee pain becoming significant when sub-
jects were restricted to those without varus thrust should be
noted, which build upon an evidence from previous studies
that increased ambulatory PA is effective to reduce knee pain
in older adults [4, 35].

Varus thrust has been shown to be associated with worsened
knee pain in patients with knee OA [15, 29, 36]. However,
difference in knee pain between knees with and without varus
thrust would not reach a minimal clinically significant differ-
ence (MCID) [37], which was similar in this study. In contrast,
subgroup analysis stratified by ambulatory PA showed that the
difference in the mean JKOM was increased in those walking >
5000 steps/day that would reach the MCID level, highlighting
the clinically important role of stratification by ambulatory PA
in treating varus thrust. These preliminary findings suggest that
further research evaluating the clinical impact of varus thrust in
this specific subgroup is required.

No clear dose-response relationship was observed between
steps/day and knee pain intensity in individuals with varus
thrust, although increased PA was possibly associated with
severe knee pain. A small sample size of those with varus
thrust with a large variability in ambulatory PA would make
95% CI wide, thereby produced non-significant results. Given
that some cases had increased knee pain after PA intervention
including exercise [5—7], further studies with larger sample
sizes should be conducted to identify particular subgroups that
negatively respond to PA intervention.

Limitations

First, missing data during the 12-month follow-up may affect
preliminary findings in this study. Some patients were unable to
be contacted without any specific reason; thus, mechanism of
missing data was unclear. Minimized follow-up losses are need-
ed to illustrate exact interaction relationships. However, no sig-
nificant differences were found in baseline characteristics be-
tween completers and non-completers, which might indicate
that data are missing at random. Second, this study does not
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evaluate PA intensity, frequency, or duration. Since prevalence
of varus thrust would be increased with a faster walking speed,
walking intensity may be a critical parameter in the interaction
between varus thrust and ambulatory PA on knee pain. Third,
lack of patient information regarding pain medication, history
of injury and knee pain, disease duration, use of assistive de-
vice, and psychosocial factors restricted our analysis. Fourth,
varus thrust is a subjective measure determined by gait obser-
vation by trained physical therapists. A quantitative evaluation
of varus thrust may result in different findings, although this
simple clinical assessment had high reliability [13, 15, 29].

Conclusions

Ambulatory PA interacts with varus thrust during gait in the
association with knee pain, as coexisting high ambulatory PA
and varus thrust had the strongest association with severe knee
pain. If our findings are replicated in a larger trial, the results
may be a first step in justifying the therapeutic strategy that
targets both ambulatory PA and varus thrust simultaneously,
rather than either ambulatory PA or varus thrust separately.

Acknowledgments The authors also thank Dr. Naoto Fukutani (Kyoto
University, Kyoto) for assistance in data collection and data analysis. The
authors also thank Dr. Eishi Kaneda, Ms. Yuko Yamamoto, Mr.
Masakazu Hiraoka, Mr. Kazuyuki Miyanobu, and Mr. Masashi
Jinnouchi (Nozomi Orthopedic Clinic, Hiroshima) for assistance and ad-
vice. We would like to thank Editage (www.editage.jp) for English
language editing.

Conflict of interest The authors did not receive any financial support or
other benefits from commercial sources for the work reported in the
manuscript. There are no potential conflicts of interest related to this
work.

Funding This work was supported in part by a Grant-in-Aid from the
Japan Society for the Promotion of Science (https://www.jsps.go.jp/) for
Scientific Research (grant no. 16dk0110007h0003) and for Research
Fellows to HI.

Compliance with ethical standards Wwritten informed con-
sent was obtained from all participants before enrollment. This study
was approved by the ethical committee of our institution (approval num-
ber: E1923).

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Peat G, McCarney R, Croft P (2001) Knee pain and osteoarthritis in
older adults: a review of community burden and current use of
primary health care. Ann Rheum Dis 60(2):91-97


http://www.editage.jp
https://www.jsps.go.jp/

Clin Rheumatol (2019) 38:1721-1729

1729

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

lijima H, Fukutani N, Isho T, Yamamoto Y, Hiraoka M, Miyanobu
K, Jinnouchi M, Kaneda E, Aoyama T, Kuroki H, Matsuda S
(2017) Relationship between pedometer-based physical activity
and physical function in patients with osteoarthritis of the knee: a
cross-sectional study. Arch Phys Med Rehabil 98(7):1382—1388 e4
Wallis JA, Webster KE, Levinger P, Taylor NF (2013) What pro-
portion of people with hip and knee osteoarthritis meet physical
activity guidelines? A systematic review and meta-analysis.
Osteoarthr Cartil 21(11):1648-1659

Juhl C, Christensen R, Roos EM, Zhang W, Lund H (2014) Impact
of exercise type and dose on pain and disability in knee osteoarthri-
tis: a systematic review and meta-regression analysis of randomized
controlled trials. Arthritis Rheum 66(3):622-636

Holden MA, Nicholls EE, Young J, Hay EM, Foster NE (2009)
UK-based physical therapists' attitudes and beliefs regarding exer-
cise and knee osteoarthritis: findings from a mixed-methods study.
Arthritis Rheum 61(11):1511-1521

Holden MA, Nicholls EE, Young J, Hay EM, Foster NE (2012)
Role of exercise for knee pain: what do older adults in the commu-
nity think? Arthritis Care Res (Hoboken) 64(10):1554—1564
Hendry M, Williams NH, Markland D, Wilkinson C, Maddison P
(2006) Why should we exercise when our knees hurt? A qualitative
study of primary care patients with osteoarthritis of the knee. Fam
Pract 23(5):558-567

Quicke JG, Foster NE, Thomas MJ, Holden MA (2015) Is long-
term physical activity safe for older adults with knee pain?: a sys-
tematic review. Osteoarthr Cartil 23(9):1445-1456

Holla JF, Sanchez-Ramirez DC, van der Leeden M, Ket JC, Roorda
LD, Lems WF et al (2014) The avoidance model in knee and hip
osteoarthritis: a systematic review of the evidence. J Behav Med
37(6):1226-1241

Amin S, Luepongsak N, McGibbon CA, LaValley MP, Krebs DE,
Felson DT (2004) Knee adduction moment and development of
chronic knee pain in elders. Arthritis Rheum 51(3):371-376

Maly MR (2008) Abnormal and cumulative loading in knee osteo-
arthritis. Curr Opin Rheumatol 20(5):547-552

Cruz-Almeida Y, King CD, Goodin BR, Sibille KT, Glover TL,
Riley JL, Sotolongo A, Herbert MS, Schmidt J, Fessler BJ,
Redden DT, Staud R, Bradley LA, Fillingim RB (2013)
Psychological profiles and pain characteristics of older adults with
knee osteoarthritis. Arthritis Care Res 65(11):1786-1794

Chang AH, Chmiel JS, Moisio KC, Almagor O, Zhang Y, Cahue S,
Sharma L (2013) Varus thrust and knee frontal plane dynamic motion
in persons with knee osteoarthritis. Osteoarthr Cartil 21(11):1668-1673
Kuroyanagi Y, Nagura T, Kiriyama Y, Matsumoto H, Otani T,
Toyama Y, Suda Y (2012) A quantitative assessment of varus thrust
in patients with medial knee osteoarthritis. Knee 19(2):130-134
Lo GH, Harvey WF, McAlindon TE (2012) Associations of varus
thrust and alignment with pain in knee osteoarthritis. Arthritis
Rheum 64(7):2252-2259

Wink AE, Gross KD, Brown CA, Lewis CE, Torner J, Nevitt MC,
Tolstykh I, Sharma L, Felson DT (2018) Association of Varus Knee
Thrust during walking with worsening WOMAC knee pain: the
multicenter osteoarthritis study. Arthritis Care Res

Chang A, Hayes K, Dunlop D, Hurwitz D, Song J, Cahue S, Genge
R, Sharma L (2004) Thrust during ambulation and the progression
of knee osteoarthritis. Arthritis Rheum 50(12):3897-3903

Wink AE, Gross KD, Brown CA, Guermazi A, Roemer F, Niu J,
Tomner J, Lewis CE, Nevitt MC, Tolstykh I, Sharma L, Felson DT
(2017) Varus thrust during walking and the risk of incident and
worsening medial tibiofemoral MRI lesions: the multicenter osteo-
arthritis study. Osteoarthr Cartil 25(6):839-845

Kellgren JH, Lawrence JS (1957) Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 16(4):494-502

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

3s.

36.

37.

Hart DJ, Spector TD (2003) Kellgren & Lawrence grade 1
osteophytes in the knee—doubtful or definite? Osteoarthr Cartil
11(2):149-150

Cibere J, Sayre EC, Guermazi A, Nicolaou S, Kopec JA, Esdaile
IM, Thorne A, Singer J, Wong H (2011) Natural history of cartilage
damage and osteoarthritis progression on magnetic resonance im-
aging in a population-based cohort with knee pain. Osteoarthr Cartil
19(6):683-688
Akai M, Doi T, Fujino K, Iwaya T, Kurosawa H, Nasu T (2005) An
outcome measure for Japanese people with knee osteoarthritis. J
Rheumatol 32(8):1524-1532

Crouter SE, Schneider PL, Karabulut M, Bassett DR Jr (2003)
Validity of 10 electronic pedometers for measuring steps, distance,
and energy cost. Med Sci Sports Exerc 35(8):1455-1460
Schneider PL, Crouter S, Bassett DR (2004) Pedometer measures
of free-living physical activity: comparison of 13 models. Med Sci
Sports Exerc 36(2):331-335

Mansi S, Milosavljevic S, Baxter GD, Tumilty S, Hendrick P
(2014) A systematic review of studies using pedometers as an in-
tervention for musculoskeletal diseases. BMC Musculoskelet
Disord 15:231

Mudge S, Taylor D, Chang O, Wong R (2010) Test-retest reliability
of the StepWatch activity monitor outputs in healthy adults. J Phys
Act Health 7(5):671-676

Robbins S, Waked E (1997) Balance and vertical impact in sports:
role of shoe sole materials. Arch Phys Med Rehabil 78(5):463-467
Arnadottir SA, Mercer VS (2000) Effects of footwear on measure-
ments of balance and gait in women between the ages of 65 and 93
years. Phys Ther 80(1):17-27

lijima H, Fukutani N, Aoyama T, Fukumoto T, Uritani D, Kaneda
E, Ota K, Kuroki H, Matsuda S (2015) Clinical phenotype classifi-
cations based on static Varus alignment and Varus thrust in Japanese
patients with medial knee osteoarthritis. Arthritis Rheum 67(9):
2354-2362

Tudor-Locke C, Johnson WD, Katzmarzyk PT (2009)
Accelerometer-determined steps per day in US adults. Med Sci
Sports Exerc 41(7):1384-1391

de Rooij M, van der Leeden M, Heymans MW, Holla JF, Hakkinen
A, Lems WF et al (2016) Prognosis of pain and physical function-
ing in patients with knee osteoarthritis: a systematic review and
meta-analysis. Arthritis Care Res 68(4):481-492

Elhadi MM, Ma CZ, Wong DW, Wan AH, Lee WC (2016)
Comprehensive gait analysis of healthy older adults who have un-
dergone long-distance walking. J Aging Phys Act:1-26

Bastick AN, Wesseling J, Damen J, Verkleij SP, Emans PJ, Bindels
PJ et al (2016) Defining knee pain trajectories in early symptomatic
knee osteoarthritis in primary care: 5-year results from a nationwide
prospective cohort study (CHECK). Br J Gen Pract 66(642):¢32—¢39
Hunt MA, Schache AG, Hinman RS, Crossley KM (2011) Varus
thrust in medial knee osteoarthritis: quantification and effects of
different gait-related interventions using a single case study.
Arthritis Care Res (Hoboken) 63(2):293-297

Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M,
Bennell KL (2015) Exercise for osteoarthritis of the knee. Cochrane
Database Syst Rev 1:CD004376

Fukutani N, lijima H, Fukumoto T, Uritani D, Kaneda E, Ota K,
Aoyama T, Tsuboyama T, Matsuda S (2016) Association of Varus
Thrust with Pain and Stiffness and activities of daily living in pa-
tients with medial knee osteoarthritis. Phys Ther 96(2):167-175
Pham T, van der Heijde D, Altman RD, Anderson JJ, Bellamy N,
Hochberg M, Simon L, Strand V, Woodworth T, Dougados M
(2004) OMERACT-OARSI initiative: osteoarthritis research socie-
ty international set of responder criteria for osteoarthritis clinical
trials revisited. Osteoarthr Cartil 12(5):389-399

@ Springer



	Effects...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Participants
	Measurements
	Ambulatory PA
	Varus thrust
	JKOM pain and stiffness
	Covariates

	Statistical analyses

	Results
	Interaction relationship between varus thrust and ambulatory PA
	Post hoc subgroup analysis

	Discussion
	Key findings and potential mechanism of the interaction between varus thrust and ambulatory PA
	Practical relevance and future direction
	Limitations

	Conclusions
	References


