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Abstract

Background: Pronated foot posture is associated with many clinical and biomechanical outcomes unique to
medial compartment knee osteoarthritis (OA). Though shoe-worn insole treatment, including lateral wedges, is
commonly studied in this patient population, their effects on the specific subgroup of people with medial knee OA
and concomitant pronated feet are unknown. The purpose of this study was to evaluate whether lateral wedge
insoles with custom arch support are more beneficial than lateral wedge insoles alone for knee and foot symptoms
in people with medial tibiofemoral knee osteoarthritis (OA) and pronated feet.

Methods: Twenty-six people with pronated feet and symptomatic medial knee OA participated in a randomized
crossover study comparing five degree lateral wedge foot insoles with and without custom foot arch support. Each
intervention was worn for two months, separated by a two-month washout period of no insoles wear. Main
outcomes included the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain and physical
function subscales, the revised short-form Foot Function Index (FFI-R) pain and stiffness subscales, and the timed
stair climb test. Regression modeling was conducted to examine treatment, period, and interaction effects.

Results: Twenty-two participants completed the study, and no carryover or interaction effects were observed for
any outcome. Significant treatment effects were observed for the timed stair climb, with greater improvements
seen with the lateral wedges with arch support. Within-condition significant improvements were observed for
WOMAC pain and physical function, as well as FFI-R pain and stiffness with lateral wedges with arch support use.
More adverse effects were reported with the lateral wedges alone, while more people preferred the lateral wedges
with arch support overall.

Conclusions: Addition of custom arch support to a standard lateral wedge insole may improve foot and knee
symptoms in people with knee OA and concomitant pronated feet. These preliminary findings suggest further
research evaluating the role of shoe-worn insoles for treatment of this specific sub-group of people with knee OA is
warranted.

Trial registration: Clinicaltrials.gov identifier: NCT02234895.
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Background
Osteoarthritis (OA), commonly affecting the knee joint,
is one of the most prevalent chronic musculoskeletal
disorders and is a leading cause of long-term physical
disability affecting adults [1]. While we are unaware of
joint specific indicators of the economic burden of OA,
a recent report indicates that more than 6.9% of the
adult population in the Unites States had symptomatic
knee OA in 2007-2008 [2] – a number that is expected
to rise dramatically in the coming decades. Further,
symptomatic OA (the combination of symptoms and
radiographic evidence of OA) is more commonly found
in the knee than in any other joint [3]. Given that there
is no cure for knee OA and the overall economic burden
of OA is high, there has been a recent push towards the
identification of non-surgical, non-pharmacological
treatments for knee OA that can be delivered effectively,
safely, and with minimal personnel and economic re-
sources [4]. Shoe-worn insoles/orthotics are a low-cost
and low-burden self-management option that has wide-
spread appeal for managing knee OA symptoms.
Recent research confirms the link between knee and

foot problems in people with knee OA. An examination
of data from the Osteoarthritis Initiative showed that
25% of individuals with painful knee OA concurrently
report foot pain, and that the presence of foot pain ad-
versely affected overall health and function [5]. Individ-
uals with knee OA also tend to exhibit more pronated
feet compared to those without knee OA [6, 7]. Indeed,
a recent study involving 164 people with symptomatic
medial tibiofemoral OA reported that 45% had pro-
nated or severely pronated feet [8]. Recent research
has also shown that the presence of foot/ankle symp-
toms significantly increases the odds of developing
knee OA symptoms and symptomatic radiographic
knee OA [9]. Additionally, rearfoot eversion during
walking has also been shown to be associated with
medial compartment knee joint load, as quantified by
the external knee adduction moment (KAM) [10].
Specifically, more rearfoot eversion appears to be as-
sociated with lower KAM values. Finally, older adults
with pronated feet are more likely to exhibit knee
pain and medial tibiofemoral cartilage damage than
older adults with other foot types [11]. Taken to-
gether, these findings indicate that people with
pronated feet form a large, and clinically relevant,
sub-group of the population with knee OA. Thus, tar-
geted treatment approaches for this subgroup that
considers their unique biomechanical needs may be
warranted. However, current methods for the treat-
ment of knee OA symptoms and biomechanics has
typically failed to directly address any aspect of foot
biomechanics in general, and in those with knee OA
and concomitant pronated feet specifically.

A commonly studied conservative treatment approach
for knee OA is shoe-worn insoles, in particular insoles
that are built up along the lateral edge (lateral wedges).
There have been a number of studies examining the bio-
mechanical and clinical changes associated with use of
lateral wedges. Although lateral wedges have been shown
to provide immediate reductions in KAM magnitudes
[12, 13] – consistent with the reported negative correl-
ation between increased rearfoot eversion (which would
occur with lateral wedging) and the KAM [10] – the ef-
fects on knee symptoms are less clear [14]. A primary
limitation of previous lateral wedges for knee OA re-
search has been a failure to consider participants’ foot
morphology in the study design and delivery of treat-
ment. In clinical practice, pronated feet are typically man-
aged with some form of medial arch support [15, 16], and
while some research shows that beneficial changes in
ankle kinematics [17] and foot pain [18, 19] may be ob-
tained with this clinical approach in people with pronated
feet, the evidence in this area is sparse [20]. However,
there is potential that a combination of lateral wedges and
arch supports may be beneficial for people with painful
knee OA and pronated feet [21].
Given the apparent strong link between pronated foot

type and disease characteristics specific to medial com-
partment knee OA, and that biomechanical interven-
tions such as lateral wedges are advocated in clinical
guidelines for the use of conservative treatments for
knee OA in general [22], a better understanding of the
clinical effects of shoe-worn insole treatment for in this
specific subgroup of knee OA is warranted. Therefore,
the purpose of the present exploratory randomized
crossover study was to compare clinical effects (knee
and foot symptoms) of lateral wedges alone to insoles
that combined lateral wedging with customized arch
support in people with medial knee OA and concomi-
tant pronated feet. We were also interested in the safety
of these interventions and adherence to treatment. It
was hypothesized that the combined insole would pro-
duce greater improvements in knee pain and physical
function, as well as foot pain and stiffness, and would be
more comfortable.

Methods
Participants
Community-dwelling individuals with medial tibiofe-
moral OA were recruited via advertisements in print
media. Inclusion criteria included: (i) definitive medial
tibiofemoral osteophytes on radiograph; (ii) joint space
narrowing greater in the medial tibiofemoral compart-
ment compared to the lateral compartment; (iii) history
of knee pain longer than six months; (iv) average knee
pain of at least 3 out of 10 (using an 11-point numerical
rating scale (NRS) with terminal descriptors of 0 = “no
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pain” and 10 = “worst pain imaginable”) over the one
month prior to initial screening; and (v) pronated feet,
defined as +4 or higher on the Foot Posture Index [23],
with at least four items rated as +1 (indicating prona-
tion). Exclusion criteria included: (i) knee surgery or
intra-articular injection for pain within the previous six
months; (ii) current or past (within six weeks) oral cor-
ticosteroid use; (iii) history of knee joint replacement or
tibial osteotomy; (iv) any other condition affecting lower
limb function; and (v) current, or failed previous (i.e.
premature cessation of orthotic treatment due to adverse
effects), wearing of shoe insoles/orthotics. The study was
approved by the Institution’s Clinical Research Ethics
Board and all participants provided written informed
consent. In contrast to information provided on the tri-
als registry (Clinicaltrials.gov identifier: NCT02234895),
gait biomechanics data were only collected at the initial
baseline data collection session, rather than at all time
points, and are presented elsewhere [24].

Study design
This was an exploratory, within-subjects cross-over
study.

Procedures
Interested participants were initially screened for inclu-
sion and exclusion criteria, and eligible individuals were
referred for a physical screening of foot posture. Individ-
uals who passed the foot posture eligibility criteria de-
scribed above were referred for radiographic evaluation.
Standing, semi-flexed, postero-anterior radiographs were
obtained and graded for disease severity using the
Kellgren and Lawrence (KL) OA classification system
[25]. Individuals who met all study eligibility criteria
were then referred to a Canadian Certified Pedorthist,
who obtained foot measurements and made volumetric
casts of both feet to inform manufacture of insoles. Par-
ticipants returned to the same Pedorthist following
manufacture of both sets of the insoles for final modifi-
cations and instruction on insoles wear. Insoles were
made for bilateral wear, even in cases where knee OA
was unilateral. Both sets of insoles were then sent dir-
ectly to the University laboratory, and participants were
scheduled for their first baseline testing session.
Following baseline assessment of outcomes (month 0),

participants were randomly allocated to either i) lateral
wedges alone or; ii) lateral wedges plus custom arch sup-
port. Allocated insoles were worn for a two-month period
in their own usual shoes, and then participants were re-
assessed (month 2). After a two-month washout period of
no insole wear, participants were re-assessed again (month
4) and then underwent a second two-month period of
intervention with the alternate insole condition, after
which they were re-assessed for the final time (month 6).

The randomization schedule was produced before study
commencement by a researcher not involved with data
collection or analysis. Random permuted blocks of 4 or 6
were developed and randomization codes were sealed in
consecutively numbered, opaque envelopes that were
opened after baseline testing for each participant. To pre-
vent cross-contamination of insole wear, the unused pair
(in the case of active treatment periods), or both pairs (in
the case of the wash-out period) of insoles were kept on-
site at the University. Further, the participants were un-
aware of the study hypotheses as well as the justification
for the design of the insoles. Both pairs were provided to
participants upon study completion.

Interventions
For both types of insoles, polypropylene sheets of 3-
4 mm thickness were vacuum formed or milled directly
to produce a sulcus length insole. For both conditions,
the lateral wedges consisted of a 5-degree ethyl-vinyl-
acetone (EVA) (Shore A hardness of 55) sulcus-length
posting. For the lateral wedges plus arch support insole,
the same lateral wedges were used in combination with
a custom arch support across the foot to match the
negative of the volumetric cast. Both insoles (Fig. 1)
were finished with the same neoprene cover and modi-
fied as necessary to maximize comfort and fit. Partici-
pants were instructed to wear the insoles as much as
possible and no other instructions regarding the inter-
vention were provided.

Outcome measurement
Outcome assessments were conducted by the same
blinded assessor. Testing sessions at the University in-
cluded completion of self-report questionnaires and ob-
jective assessment of physical function.

Fig. 1 Intervention insoles. Left: the lateral wedge only condition
consisted of a sulcus-length 5-degree lateral wedge. Right: the lateral
wedge plus custom foot arch support involved the 5-degree sulcus-
length lateral wedge built into a negative of the volumetric cast that
provided the support across the entire foot
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Self-reported knee and foot symptoms were the clin-
ical outcomes of interest. Participants completed the
Western Ontario and McMaster Universities Arthritis
Index (WOMAC) Likert version, from which the pain
and physical function subscales were calculated [26].
The WOMAC contains 24 items that quantify pain (5
items), stiffness (2 items), and physical function (17
items) that has been used in numerous knee OA studies.
Foot symptoms were assessed using the Foot Function
Index (revised - short form) (FFI-R). This self-report
questionnaire consists of 34 items that provide the abil-
ity to quantify aspects of foot pain, disability and activity
limitation [27]. For the purposes of this study, the pain
and stiffness subscales were used. Each question is rated
from 1 (no pain or stiffness) to 4 (severe pain or stiff-
ness). Given that “not applicable” is a potential response
for some questions, questions rated as “not applicable”
were removed and the remaining scores within that sub-
scale were summed. Subscale scores were then con-
verted to a percentage of the maximum potential score
for that particular subscale with 25% indicating no pain
or stiffness and 100% indicating severe pain or stiffness.
Objective physical function was assessed using the

timed stair climb test, where participants were instructed
to ascend 12 stairs “as quickly as possible” and the fast-
est time from two attempts was recorded [28]. Adher-
ence to each insole intervention was self-reported in
daily log books. Participants reported the total number
of hours of shoe wear each day as well as the total num-
ber of hours wearing the insole. Wear time was then cal-
culated by the research team following the intervention,
and expressed as total number of insole wear hours, as
well as a percentage of total shoe wear time. Participants
also recorded perceived adverse effects of the insoles,
and changes in treatment regimens during the active
treatment periods (months 0 to 2 and 4 to 6) in their
daily log books. At the month 2 and month 6
assessments, participants rated comfort during the inter-
vention using an 11-point NRS with terminal descriptors
of 0 = “maximum discomfort” and 10 = “maximum

comfort”. Participants also rated their perceived overall
change in symptoms at follow-up (month 2 and 6) com-
pared to baseline (month 0 and 4) using a 5-point Likert
scale (1 = “much worse”, 2 = “slightly worse”, 3 = “no
change”, 4 = “slightly better”, and 5 = “much better”). Fi-
nally, at the month 6 assessment, participants indicated
which pair of insoles (“first or second”) they preferred.

Statistical analysis
All statistical analyses were conducted using Statistical
Analysis Software (SAS, v 9.4; SAS Institute Inc.: Cary,
NC, USA) and p values <0.05 were considered signifi-
cant. For WOMAC, FFI-R and timed stair climb out-
comes, change scores were calculated as follow-up
minus baseline values for each intervention period. As
comfort data were only acquired at the follow-up assess-
ments, these were treated as raw data rather than change
scores. Mixed effects regression models predicting
change variables against fixed effects for intervention
period and treatment type, and a random subject effect
were developed for each outcome variable. Interactions
between intervention period and treatment type were
initially included as predictors in a second model, then
dropped from the models if non-significant (this was
true for all models).

Results
Between July 2014 and June 2015, 127 individuals
underwent eligibility screening, of which 26 were en-
rolled. Participant demographics are summarized in
Table 1. Fourteen individuals were randomized to re-
ceive the lateral wedge plus arch support in the first
iteration (months 0-2), while 12 participants received
the lateral wedges alone in the first iteration. Twenty-
four individuals completed their first allocated treat-
ment period, and of those, 22 completed month 6
assessment. Of the four participants who did not
complete the study, three were lost-to-follow-up (one
prior to the month 2 follow-up assessment, one after
the month 4 baseline assessment, and one prior to

Table 1 Participant characteristics at baseline based on order of intervention. Values are mean (sd) unless otherwise noted

Wedge to Wedge plus arch support (n = 12) Wedge plus arch support
to Wedge (n = 14)

All participants
(n = 26)

Age (years) 66.3 (10.2) 62.1 (5.0) 64.0 (7.6)

Sex (F:M) 9:3 13:1 22:4

Foot posturea 5 (4,8) 5 (4,9) 5 (4,9)

Body mass (kg) 65.3 (9.8) 75.0 (15.3) 70.5 (13.8)

BMI (kg/m2) 25.2 (3.0) 28.9 (4.5) 27.2 (4.2)

Disease severity (n)

KL 2 9 7 16

KL 3 3 7 10
a As quantified by the foot posture index (FPI). Values are reported as median (minimum, maximum)
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the month 6 follow-up assessment), while the fourth
withdrew prior to the month 2 follow-up assessment
due to health issues unrelated to the study. Mean (sd)
intervention times were 2.2 (0.2) months for the lat-
eral wedges and 2.1 (0.2) months for the lateral
wedges plus arch support, with a washout period of
2.1 (0.3) months.
Table 2 provides results for clinical outcomes across test

conditions. The lateral wedges plus arch support resulted
in significant improvements in all parameters, whilst the
lateral wedges alone did not significantly change any clin-
ical outcome. However, these differences generally did not
translate into significant treatment main effects (between
conditions), with the exception of timed stair climb, where
improvements were significantly greater with the use of
the lateral wedges with arch support compared to lateral
wedges alone (p = 0.02). In addition, a significant period
effect (Figs. 2 and 3) was seen for WOMAC Pain scores
(p = 0.04). There were no intervention by period
interactions.
Using a minimal clinically important improvement of

17% for WOMAC pain and 12% for WOMAC function
[29], use of lateral wedges alone resulted in improved
pain in 13 (54%) participants and improved function in
14 (58%) participants. When using the lateral wedges
plus arch support, 14 (64%) participants had improved
pain while 17 (77%) participants had improved physical
function.
Wear times were similar between the two treatment

periods, whether expressed as absolute or relative time
values. The mean (sd) number of hours that participants
self-reported insole wear was 150.7 (86.5) hours for the
lateral wedges and 152.5 (121.0) hours for the lateral
wedges plus arch support over the two-month interven-
tion periods, which equated to 72.5 (19.2)% and 75.8
(24.4)% of total shoe wear time, respectively. There were
no differences (p = 0.55) in self-reported comfort be-
tween the two conditions (lateral wedges = 6.4 (2.6) out
of 10; lateral wedges plus arch support = 6.9 (2.5) out of

10). More participants indicated that they preferred their
“first insole” (13/22) than their “second” (9/22), which
translated into more individuals preferring the lateral
wedges plus arch support (17/22; of these 17, 10 partici-
pants were randomized to the lateral wedges plus arch
support first, while the other 7 received the lateral
wedges plus arch support second). When asked to report
overall change in symptoms compared to baseline, 15 in-
dividuals reported improvement with lateral wedges
alone (7 = “much better”, 8 = “slightly better”) while 18
individuals reported improvement with the lateral
wedges plus arch support (9 = “much better”, 9 = “slightly
better”).
A total of 16 unique, yet minor, adverse events were

self-reported during the study, 11 of which occurred
during lateral wedges wear and five during lateral
wedges plus arch support wear. With lateral wedges
alone, the most common complaint was onset of foot
pain or discomfort (n = 3), which lasted between one
and three weeks. There were two reports of increased
bunion pain, one lasting two weeks and the other for the
duration of the intervention. Other complaints included:
five weeks of toe cramping (n = 1), three weeks of lateral
ankle pain (n = 1), one week of calf tightness (n = 1), gen-
eralized lower leg pain lasting three days (n = 1), and one
report each of lower back and knee pain lasting one and
ten weeks, respectively. During lateral wedges plus arch
support wear, five individuals reported foot pain or dis-
comfort ranging from two days to two weeks. Finally,
three individuals underwent additional treatment during
lateral wedges use (two instances of topical pain relief
gel and one instance of foot and lower leg massage),
while the same two treatments were completed by an-
other two individuals during lateral wedges plus arch
support wear.

Discussion
Findings from this study indicate that the addition of
custom foot arch support to 5-degree lateral wedges

Table 2 Outcomes data. Mean (sd) baseline and follow-up outcome data for all variables, as well as model adjusted differences
(follow-up minus baseline; difference (95% confidence intervals)) within each condition as well as between conditions. Model
estimate values represent the within- and between-condition least-square mean differences adjusted for period and random
subject effects from the regression modeling

Lateral wedges (n = 24) Lateral Wedges plus Arch Support (n = 22) Between-conditions
comparison

Variable Baseline Follow-up Difference Baseline Follow-up Difference Difference

WOMAC Pain (0-20) 5.9 (3.0) 5.2 (2.9) -0.7 (-1.8, 0.5) 6.3 (3.4) 4.0 (2.5) -1.9 (-3.1, -0.6)* -1.2 (-2.9, 0.5)

WOMAC Function (0-68) 20.2 (11.0) 17.6 (8.9) -2.5 (-6.2, 1.1) 21.4 (12.5) 14.0 (8.8) -6.1 (-9.9, -2.3)* -3.6 (-7.9, 0.8)

FFI-R Pain (25-100%) 41.0 (17.4) 38.4 (11.9) -2.7 (-8.9, 3.5) 43.6 (16.2) 33.0 (9.3) -7.0 (-13.5, -0.6)* -4.3 (-12.0, 3.4)

FFI-R Stiffness (25-100%) 39.2 (15.7) 37.1 (13.7) -2.1 (-7.3, 3.0) 42.8 (19.5) 32.3 (9.4) -6.3 (-11.7, -0.9)* -4.1 (-11.0, 2.7)

Stair climb (seconds) 5.32 (1.68) 5.35 (1.54) 0.04 (-0.55, 0.63) 6.57 (4.04) 5.58 (2.29) -0.69 (-1.3, -0.08)* -0.73 (-1.36, -0.11)*

* p < 0.05
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may result in clinical improvements in knee and foot
symptoms, and timed stair climb, in people with medial
knee OA and pronated feet. However these changes
were generally not statistically significantly better than
those observed with treatment by lateral wedges alone.
Further, more participants subjectively preferred the
supported lateral wedges overall, compared to lateral
wedges alone. Data from this study provide important
preliminary clinical information regarding safety and ef-
ficacy of combined insoles for the treatment of an im-
portant sub-group of patients with knee OA, namely
those with concomitant pronated feet.
Although no other research has specifically evaluated

effects of insoles in a subgroup of people with knee OA
and concurrent pronated feet, our findings are consist-
ent with the limited research investigating combined lat-
eral wedge insoles with arch supports in heterogeneous
samples of people with knee OA. Indeed, a previous un-
controlled study investigating a similar insole design
showed improvements in pain and function in 42 indi-
viduals with medial knee OA and varus knee alignment.
Skou et al showed that an insole that combined a

custom-made arch support with an individualized
amount of lateral wedging produced significant improve-
ments in pain, function, and quality of life after an aver-
age of 7.75 months of wear [30]. Specifically, they found
greater than 40% improvement, on average, in knee pain
intensity (measured using a visual analog scale) with the
combined insole. In the present study, a 30% improve-
ment in WOMAC pain was observed with our com-
bined insole, compared to only 12% with the lateral
wedges alone. Similar findings have been reported else-
where, with Jones et al showing more immediate im-
provement in knee pain with a combined insole
compared to a standard lateral wedge alone in people
with knee OA [21]. Taken together, these studies show
the potential for greater improvement in knee pain with
a combined insole than with a lateral wedge alone in
people with knee OA.
Although the combined insole resulted in clinical im-

provements across all measured parameters, and we ob-
served no significant effect on outcomes when
participants were treated with lateral wedges alone, there
was generally no statistically significant difference in

First iteration Washout

First iteration Washout Second iteration
a

b

Fig. 2 Assessment of treatment and period effects for Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain a and
physical function subscales b. Lower scores indicate less knee pain and physical dysfunction. Dotted lines indicate mean values for participants
receiving the lateral wedges alone first, followed by the lateral wedges plus arch support; solid lines indicate mean values for participants
receiving the lateral wedges plus arch support first, followed by the lateral wedges alone
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outcomes when comparing between insole conditions. A
larger sample size may have produced statistically signifi-
cant differences, and results from this study can now be
used to guide sample size calculations for future clinical
trials. Importantly, though the lateral wedges plus arch
support produced more symptomatic benefits over a
two-month period, biomechanical data from the current
cohort taken at the initial baseline assessment indicates
that both insoles produced similar KAM reductions (al-
beit slightly larger reductions in the lateral wedges
alone) compared to a no insole walking condition [24].
Thus, the differences in clinical outcomes in the present
study cannot be attributed solely to the biomechanical
effects of the lateral wedges. Indeed, a direct relationship
between changes in KAM magnitudes and pain levels
with foot-based interventions has not been shown in the
literature [31, 32], suggesting that the relationship be-
tween measured external loads and knee pain magni-
tudes is complex. Rather, it is likely that the addition of
the custom arch support played a role in reducing self-
reported knee pain in the present study. The reasons for

this are unclear, but may include indirect effects of the
insoles, such as psychological factors on overall benefits
based on insole preference or foot symptoms obtained
with the combined insoles which then translated into
perceived changes at the knee. Further research is
needed to better elucidate the relationship between foot
mechanics and knee symptoms in this patient
population.
It was clear that participants preferred the lateral

wedges with arch support. Indeed, 17 of 22 participants
(78%) indicated an overall preference of that insole con-
dition, and reported that the combined insole was
slightly more comfortable under the feet. Any difference
in comfort with the combined insole may partially ex-
plain why we observed clinical improvements with the
combined insole but now with the lateral wedges alone.
However, as there were no statistical differences when
comparing group mean comfort ratings, any effect of
perceived comfort would have occurred on an individual
basis. Jones et al also reported slightly more perceived
foot comfort with a combined insole compared to a

a

b

First iteration Washout Second iteration

First iteration Washout Second iteration

Fig. 3 Assessment of treatment and period effects for Foot Function Index (FFI-R) pain a and stiffness subscales b. Values are presented as
percentages of the maximum scores for each subscale, and lower scores indicate less foot pain and foot stiffness. Dotted lines indicate mean
values for participants receiving the lateral wedges alone first, followed by the lateral wedges plus arch support; solid lines indicate mean values
for participants receiving the lateral wedges plus arch support first, followed by the lateral wedges alone
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lateral wedge alone, though the differences were also not
statistically significant [21]. Given that 19/26 individuals
reported at least some foot pain (values >25% on the
FFI-R pain subscale) at the initial baseline assessment,
assessment of changes in foot symptoms was important.
Within-condition assessment of change in these symp-
toms from the current study would indicate that the lat-
eral wedges plus arch support were able to improve foot
symptoms. Finally, while not statistically tested, more
self-reported adverse events were recorded during lateral
wedges use (n = 11) than during the combined insoles
(n = 5). While these reports were relatively minor and
short-term, this finding provides further justification for
the need to comprehensively assess the feet when pro-
viding any insoles treatment to people with knee OA to
primarily target knee symptoms.
Our study is novel, and an important contribution to

the literature for a number of reasons. First, this is the
first study evaluating shoe-worn insoles in people with
knee OA that has considered foot type as an inclusion
or exclusion criterion. As noted above, given that pro-
nated foot posture is common in people with knee OA
[6], and is associated with a higher risk of developing
knee pain and medial tibiofemoral cartilage damage [11],
this subgroup in particular represents an important tar-
get for the study of shoe-worn insoles for the treatment
of knee OA. More research with a homogeneous sample
of pronated foot posture is warranted. This is also the
first study, to our knowledge, to assess the impact of in-
soles on foot symptoms in people with knee OA. Since
recent research has identified a link between foot symp-
toms and development of knee OA [9], and the fact that
shoe-worn insoles evoke change directly at the feet,
measurement of foot and ankle symptoms with foot-
based treatment for knee OA is necessary. Indeed, given
that more self-reported adverse events (especially lower
leg, ankle, and foot issues) were reported in the present
study with the lateral wedges alone, this finding provides
important information necessary to inform clinical deci-
sion making in this particular subgroup. However, given
the potential cost difference between the two types of in-
soles (potentially in excess of $300 per pair depending
on the provider), a cost-effectiveness analysis of any
symptomatic benefits of the combined insole must be
conducted to assist in the justification of prescribing this
addition to a standard lateral wedge.
There are some limitations to this study. First, al-

though within-condition changes were observed, our
relatively small sample size for this exploratory study
likely impacted our ability to detect significant between-
condition differences. In addition, certain limitations of
a randomized crossover study in general (such as the po-
tential for carryover and learning effects) must be con-
sidered. However our findings provide justification for

larger studies in this area. Second, the two-month inter-
vention was shorter than previous similar studies which
utilized 6- or 12-month (or longer) intervention periods
[33–35]. Although we did observe improvements in pain
and function with the combined insole over this
timeframe, it is unknown if these benefits would be
maintained over the longer-term. Further, we relied on
self-report data to examine outcomes such as usage and
adverse events. Future research would benefit from more
objective outcomes of wear time such as instrumented
insoles that more accurately measure usage and would
include some form of assessment of load during dynamic
movement. Finally, more than half of our sample was
comprised of individuals with mild radiographic disease
severity. Recent research suggests that the relationship
between biomechanics and knee symptoms in individ-
uals with knee OA is stronger in more advanced radio-
graphic disease [36], suggesting that shoe-worn insoles
that attempt to evoke biomechanical changes at the knee
may be less effective at improving knee symptoms in
people with mild disease. Further research in samples
with more advanced radiographic knee OA and pronated
feet is required to determine the effectiveness of shoe-
based intervention in this cohort.

Conclusions
In conclusion, we found that the addition of custom
arch support to standard lateral wedge shoe insoles re-
sulted in improvements in foot pain and function in a
group of individuals with knee OA and pronated feet.
However changes in symptoms were not statistically dif-
ferent from those observed when participants were
treated with lateral wedges alone. Given that shoe-worn
insoles represent a relatively inexpensive treatment op-
tion with little patient burden, findings from the present
study suggest further research is required to evaluate the
role of combined insoles in managing knee and foot
symptoms in these patients.

Abbreviations
EVA: Ethyl-vinyl-acetate; FFI-R: Foot function index revised version; FPI: Foot
posture index; KAM: Knee adduction moment; KL: Kellgren and Lawrence;
NRS: Numerical rating scale; OA: Osteoarthritis; WOMAC: Western Ontario and
McMaster Universities Osteoarthritis Index

Acknowledgements
Not applicable.

Funding
This study was funded, in part, by a grant from the Pedorthic Research
Foundation of Canada. The funding body had no role in any aspect of this
study. RSH is supported by an Australian research Council Future Fellowship
(FT130100175). The funders had no role in any aspect of this study.

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Hunt et al. Journal of Foot and Ankle Research  (2017) 10:20 Page 8 of 10



Authors’ contributions
MH was involved in study design, data analysis, as well as drafting and
approval of the manuscript. JT was involved in study design, data collection,
and approval of the manuscript. NK was involved in participant recruitment,
data collection, and approval of the manuscript. GH was involved in data
collection and approval of the manuscript. RH was involved in study design,
data analysis, and approval of the manuscript. RC was involved in study
design, data analysis, and approval of the manuscript.

Competing interests
R. Hinman has received royalties from sales of an osteoarthritis shoe from
Asics Pty Ltd.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study was approved by the University of British Columbia Clinical
Research Ethics Board (approval number: H14-01313).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Physical Therapy, University of British Columbia, 212-2177
Wesbrook Mall, Vancouver, BC V6T 1Z3, Canada. 2Department of
Physiotherapy, University of Melbourne, Melbourne, VIC, Australia. 3Human
Performance Engineering Laboratory, Reebok International, Canton, MA, USA.

Received: 13 December 2016 Accepted: 22 April 2017

References
1. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years

lived with disability (YLDs) for 1160 sequelae of 289 disease and injuries
1990-2010: a systematic analysis for the Global Burden of Diseases Study
2010. Lancet. 2012;380:2163–96.

2. Deshpande BR, Katz JN, Solomon DH, Yelin EH, Hunter DJ, Messier SP,
et al. Number of persons with symptomatic knee osteoarthritis in the
US: impact of race and ethnicity, age, sex, and obesity. Arthritis Care
Res. 2016;68:1743–50.

3. Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, et al.
Estimates of the prevalence of arthritis and other rheumatic conditions in
the United States. Part II. Arthritis Rheum. 2008;58:26–35.

4. Hunter DJ, Neogi T, Hochberg MC. Quality of osteoarthritis management
and the need for reform in the US. Arthritis Care Res. 2011;63:31–8.

5. Paterson KL, Hinman RS, Hunter DJ, Wrigley TV, Bennell KL. Impact of
concurrent foot pain on health and functional status in people with knee
osteoarthritis: data from the osteoarthritis initiative. Arthritis Care Res. 2015;
67:989–95.

6. Levinger P, Menz HB, Fotoohabadi MR, Feller JA, Bartlett JR, Bergman NR.
Foot posture in people with medial compartment knee osteoarthritis. J Foot
Ank Res. 2010;16:29.

7. Reilly K, Barker K, Shamley D, Newman M, Oskrochi GR, Sandall S. The role of
foot and ankle assessment of patients with lower limb arthritis.
Physiotherapy. 2009;95:164–9.

8. Hinman RS, Wrigley TV, Metcalf BR, Campbell PK, Paterson KL, Hunter DJ, et
al. Unloading shoes for self-management of knee osteoarthritis: a
randomized trial. Ann Intern Med. 2016;165:381–9.

9. Paterson KL, Kasza J, Hunter DJ, Hinman RS, Wrigley TV, Menz HB, et al. The
relationship between foot and ankle symptoms and risk of developing knee
osteoarthritis development: data from the Osteoarthritis Initiative.
Osteoarthritis Cartilage. 2017;25:639–46.

10. Levinger P, Menz HB, Morrow AD, Bartlett JR, Feller JA, Bergman NR.
Relationship between foot function and medial knee joint loading in
people with medial compartment knee osteoarthritis. J Foot Ank Res.
2013;6:33.

11. Gross KD, Felson DT, Niu J, Hunter DJ, Guermazi A, Roemer FW, et al.
Association of flat feet with knee pain and cartilage damage in older adults.
Arthritis Care Res. 2011;63:937–44.

12. Miyazaki T, Wada M, Kawahara H, Sato M, Baba H, Shimada S. Dynamic load
at baseline can predict radiographic disease progression in medial
compartment knee osteoarthritis. Ann Rheum Dis. 2002;61:617–22.

13. Bennell KL, Bowles KA, Wang Y, Cicuttini F, Davies-Tuck M, Hinman RS.
Higher dynamic medial knee load predicts greater cartilage loss over
12 months in medial knee osteoarthritis. Ann Rheum Dis. 2011;70:1770–4.

14. Parkes MJ, Maricar N, Lunt M, LaValley MP, Jones RK, Segal NA, et al. Lateral
wedge insoles as a conservative treatment for pain in patients with medial
knee osteoarthritis. A meta-analysis. J Am Med Assoc. 2013;310:722–30.

15. Archer G. Clinical practice guidelines: a reference manual of best practice in
pedorthic care. Winnipeg: Pedorthic Association of Canada; 2012.

16. Banwell HA, Mackintosh S, Thewlis D, Landorf KB. Consensus-based
recommendations of Australian podiatrists for the prescription of foot orthoses
for symptomatic flexible pes planus in adults. J Foot Ank Res. 2014;7:49.

17. Chen Y, Lou S, Huang C, Su F. Effects of foot orthoses on gait patterns of
flat feet patients. Clin Biomech. 2010;25:265–70.

18. Esterman A, Pilotto L. Foot shape and its effect on functioning in Royal
Australian Air Force recruits. Part 2: Pilot, randomized, controlled trial of
orthotics in recruits with flat feet. Mil Med. 2005;170:629–33.

19. Zammit GV, Payne CB. Relationship between positive clinical outcomes of
foot orthotic treatment and changes in rearfoot kinematics. J Am Pod Med
Assoc. 2007;97:207–12.

20. Banwell HA, Mackintosh S, Thewlis D. Foot orthoses for adults with flexible
pes planus: a systematic review. J Foot Ank Res. 2014;7:23.

21. Jones RK, Chapman GJ, Parkes MJ, Forsythe L, Felson DT. The effect of
different types of insoles or shoe modifications on medial loading of the
knee in persons with medial knee osteoarthritis: a randomised trial. J
Orthop Res. 2015;33:1646–54.

22. McAlindon TE, Bannuru RR, Sullivan MC, Arden NK, Berenbaum F, Bierma-
Zeinstra SM, et al. OARSI guidelines for the non-surgical management of
knee osteoarthritis. Osteoarthritis Cartil. 2014;22:363–88.

23. Redmond AC, Crane YZ, Menz HB. Normative values for the foot posture
index. J Foot Ank Res. 2008;1:6.

24. Hatfield GL, Cochrane CK, Takacs J, Krowchuk NM, Chang R, Hinman RS, et
al. Knee and ankle biomechanics with lateral wedges with and without a
custom arch support in those with medial knee osteoarthritis and flat feet. J
Orthop Res. 2016;34:1597–605.

25. Kellgren JH, Lawrence JS. Radiological assessment of osteoarthrosis. Ann
Rheum Dis. 1957;16:494–501.

26. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.
Validation study of WOMAC: a health status instrument for measuring
clinically important patient relevant outcomes to antirheumatic drug
therapy in patients with osteoarthritis of the hip or knee. J Rheumatol.
1988;15:1833–40.

27. Budiman-Mak E, Conrad KJ, Mazza J, Stuck RM. A review of the foot function
index and the foot function index - revised. J Foot Ank Res. 2013;6:5.

28. Bennell KL, Dobson F, Hinman RS. Measures of physical performance
assessments. Arthritis Care Res. 2011;63:S350–70.

29. Bellamy N, Hochberg M, Tubach F, Martin-Mola E, Awada H, Bombardier C,
et al. Development of multinational definitionas of clinically imprtant
improvement and patient acceptable symptomatic state in osteoarthritis.
Arthritis Care Res. 2015;67:972–80.

30. Skou ST, Hojgaard L, Simonsen OH. Customized foot insoles have a positive
effect on pain, function, and qulaity of life in patients with medial knee
osteoarthritis. J Am Pod Med Assoc. 2013;103:50–5.

31. Jones RK, Chapman GJ, Forsythe L, Parkes MJ, Felson DT. The relationship
between reductions in knee loading and immediate pain response whilst
wearing lateral wedged insoles in knee osteoarthritis. J Orthop Res. 2014;32:
1147–54.

32. Erhart-Hledik JC, Elspas B, Giori NJ, Andriacchi TP. Effect of variable-stiffness
walking shoes on knee adduction moment, pain, and function in subjects
with medial compartment knee osteoarthritis after 1 year. J Orthop Res.
2012;30:514–21.

33. Pham T, Maillefert JF, Hudry C, Kieffert P, Bourgeois P, Lechevalier D, et al.
Laterally elevated wedged insoles in the treatment of medial knee
osteoarthritis. A two year prospective randomized controlled study.
Osteoarthr Cartil. 2003;12:46–55.

34. Toda Y, Tsukimura N. A 2-year follow-up of a study to compare the efficacy
of lateral wedged insoles with subtalar strapping and in-shoe lateral
wedged insoles in patients with varus deformity osteoarthritis of the knee.
Osteoarthr Cartil. 2006;14:231–7.

Hunt et al. Journal of Foot and Ankle Research  (2017) 10:20 Page 9 of 10



35. Bennell KL, Bowles KA, Payne C, Cicuttini F, Forbes A, Hanna F, et al. Lateral
wedge insoles for medial knee osteoarthritis: 12 month randomised
controlled trial. BMJ. 2011;18:342.

36. Hall M, Bennell KL, Wrigley TV, Metcalf BR, Campbell PK, Kasza J, et al. The
knee adduction moment and knee osteoarthritis symptoms: relationships
according to radiographic disease severity. Osteoarthritis Cartilage. 2017;25:
34–41.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Hunt et al. Journal of Foot and Ankle Research  (2017) 10:20 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Participants
	Study design
	Procedures
	Interventions
	Outcome measurement
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

