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Abstract

Background: Foot-ankle exercises could improve pain and function of individuals with KOA and

need to be tested.

Objective: To investigate whether an 8-week foot-ankle muscle strengthening program is effec-

tive for individuals with KOA to reduce pain and improve function.

Methods: In this randomized controlled trial, individuals diagnosed with clinical and radio-

graphic KOA were randomized into the intervention (supervised foot-ankle strengthening exer-

cise program three times a week for 8 weeks) or control (usual care and recommendations of the

healthcare team) group. Effectiveness was assessed by changes in clinical and functional out-

comes between baseline and 8 weeks with pain as the primary outcome. ANCOVA tests using the

intervention group as a reference and sex, body mass index, and baseline values as covariates

assessed between-group differences.

Results: The intervention group showed lower pain scores (�4.4 units; 95%CI =�7.5, �1.1), bet-

ter function (�7.1 units; 95%CI = �12.7, �1.4), higher total functional score (�11.9 units;

95%CI = �20.7, �3.1), with confidence intervals indicating a potential for the differences to be

clinically meaningful, and better scores for the 30-s chair stand test (2.7 repetitions;

95%CI = 1.1, 4.1), with a confidence interval indicating a moderate clinically meaningful differ-

ence, compared to the controls.
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Conclusion: The 8-week foot-ankle exercise program showed positive, and potentially clinically

meaningful, effects on knee pain and physical function among individuals with KOA, when com-

pared to usual care.

Trial registration: NCT04154059. https://clinicaltrials.gov/ct2/show/NCT04154059

© 2023 Associação Brasileira de Pesquisa e Pós-Graduação em Fisioterapia. Published by Elsevier

España, S.L.U. All rights reserved.

Introduction

Knee osteoarthritis (KOA) is one of the most common causes
of musculoskeletal pain and disability worldwide and is pre-
dicted to affect about 78.4 million older adults by 2040.1

The pathogenesis of KOA involves interaction between artic-
ular cartilage damage and incomplete repair mechanisms
due to mechanical overload of the joint.2,3 Clinically, it
causes pain, stiffness, and decreased functionality.4

The etiology of KOA includes poor biomechanics of the
local and distal joints.5,6 A recent systematic review
including 6 studies (4 classified as low quality of evidence
and 2 as high quality) with a total of 403 participants (275
with KOA compared to 128 healthy control) showed that a
higher percentage of individuals with KOA presented with
pronated foot, which may point to the need to consider
foot clinical characteristics as a factor related to KOA pro-
gression.7 Moreover, cross-sectional studies comparing foot
kinematics and muscle strength between individuals with
KOA and healthy participants have shown that deficits in
foot mobility,8 invertor and evertor strength, and plantar
flexor muscle strength are common in individuals with KOA9

and may be related to higher levels of pain and low
functionality.10

Although international organizations recommend physical
exercises to improve pain and functionality, only 13�48% of
individuals with KOA follow these guidelines.11�16 Knee pain
and fear-avoidance of movement seem to be the main bar-
riers to adherence to an exercise program.17,18 Therefore,
an alternative to addressing the affected joint (i.e., knee),
may be to provide interventions focusing on the distal joints
(e.g., foot-ankle joint) of the kinetic chain to avoid local
pain (i.e., knee pain) and non-adherence.

Minimalist shoes have shown substantial positive effects
for reducing pain, improving function in women with KOA,19

and reducing the knee adduction moment,20 which is associ-
ated with KOA progression and severity.21,22 Moreover, foot
muscle-strengthening exercise programs have improved the
functionality of individuals with diabetic neuropathy23 and
decreased the risk of injuries in recreational runners.24 It is
hypothesized that both the effects of minimalist shoes and
foot muscles exercises may be due to the better activation
of the intrinsic foot muscles, better foot joint mobility, and
higher capacity to absorb shock during functional activi-
ties.25 Thus, these possible mechanisms could contribute to
reduction of knee pain and improvement of function in indi-
viduals with KOA. However, to our knowledge, no studies to
date have determined if a specific foot-ankle strengthening
exercise program would present positive effects on knee
pain and physical function compared to usual care in this
population.

Therefore, this study investigated the effectiveness of a
supervised 8-week foot-ankle strengthening exercise

program to reduce pain and improve the functionality of
individuals with KOA.

Methods

Trial design

A randomized two-arm, parallel group clinical trial com-
prised of individuals with KOA was conducted after approval
by the Universidade Federal de S~ao Carlos Research Ethics
Committee (Protocol: 16767519.2.0000.5504; Approval
Report Number: 3.488.466) and registration with Clinical-
Trials.gov (Identifier: NCT04154059, Registered on January
2020). The study was conducted according to the guidelines
of the Declaration of Helsinki and is reported based on the
CONSORTand SPIRIT Extension for RCTs Revised in Extenuat-
ing Circumstances (CONSERVE).26 All participants received
oral and written instructions regarding the process and aims
of the study, and they gave their written informed consent
before inclusion in the study.

The primary trial started in January 2020 and was con-
ducted with the first 30 enrolled participants. Data were
acquired in two blocks: the first block of individuals (n = 12)
was recruited over a 3-week period from January to Febru-
ary 2020 (pre-COVID-19 pandemic), and the second block
(n = 18) was recruited over a 4-week period from February
to March 2020. Then, in March 2020, because the duration of
the pandemic was unknown, we focused on mitigating the
impact of the pandemic to participants already enrolled in
the trial.

Major changes from the original protocol

The COVID-19 pandemic was an extenuating circumstance
due its possible effects on the population studied that
involved individuals with KOA who were mostly older adults,
a population that is affected more drastically and quickly
from an infection.

The most impactful methodological modifications made
in the trial was that the intervention for the individuals in
the second block had to be adapted due to the restriction of
personal contact. Prior to the pandemic, exercises were
conducted in groups of a maximum of 10-12 participants at
the university’s facilities. In the second block, after the sec-
ond week of face-to-face treatment, social distancing rec-
ommendations began. Thus, the exercise program was
provided remotely to ensure continuity and conclusion of
the protocol at 8 weeks.27 All individuals allocated in the
first and second block performed a face-to-face baseline
assessment. The evaluation after the exercise program was
performed in person in an open environment following dis-
tancing and protection recommendations for both the
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assessor and participants with KOA. For individuals who did
not feel safe going to the post-intervention assessment in
person, it was performed remotely (synchronously via vid-
eoconference) following the same standards of the face-to-
face assessment with regard to clinical and functional
outcomes.

In addition, assessments of “foot muscle isometric
strength” and “foot kinematic and kinetics during gait”
were suspended. These evaluations were originally per-
formed in a closed environment with temperature control.
Due to the risk of contamination of the study population and
the intent to follow social distancing recommendations
issued by the World Health Organization, we decided to sus-
pend these evaluations.

Unfortunately, we were not able to perform the complete
data collection of the follow-up at 16 weeks after the end of
the exercise program. Although we also proposed to perform
the assessments in an open environment at week 16, follow-
ing the distancing and protection recommendations for both
the researcher and the study participants, most participants
did not feel safe coming to the university facilities.

One of the researchers (GD) quickly planned the changes,
and contacted and explained the new procedures to the par-
ticipants and the supervisors of the exercises program. The
changes were reviewed and approved by researchers TFS
and ICNS. The data were analyzed following the decision to
suspend the study.

Participants

Recruitment occurred through public announcements and
lists of local and regional orthopedic and rheumatologic
health services in January and February 2020. Inclusion cri-
teria were as follows: individuals of both sexes, age range of
40 to 75 years,28 diagnosis of medial compartment KOA
grade II or III based on clinical and radiological criteria of
the American College of Rheumatology,29 knee pain scores
ranging between 30 and 80 mm on a 0-100 visual analog scale
(VAS),30 and a body mass index (BMI) less than 35 kg/m2.31

Main exclusion criteria were the diagnosis of isolated lateral
compartment KOA grade II or III;27 history of physical ther-
apy treatment or lower limb strength training in the last
three months;27 history of using minimalist shoes for at least
6 h a day 5 days a week; history of intra-articular infiltra-
tion;19 and recent changes in pharmacological treatment.27

Interventions

Participants randomly assigned to the intervention group,
after baseline assessment, received a supervised foot-ankle
exercise program focusing on strengthening of the extrinsic
and intrinsic muscles and range of motion of the foot-ankle
joints.27 Followed the criteria of the American College of
Sports Medicine,32 the exercise program was performed
three times a week for 8 consecutive weeks (24 sessions),
with each session lasting around 1 h and 20 min. During the
first 4 weeks, individuals performed isolated exercises to
improve their foot-ankle range of motion and foot muscle
strength. During the second 4 weeks, additional functional
exercises were included to increase the strength of the
extrinsic and intrinsic foot muscles.

The exercise program for the first block of individuals was
supervised by a physical therapist in a face-to-face manner
during the entire 8-week intervention. The second block of
participants was also supervised in a face-to-face manner
during the first 2 weeks of intervention and then remotely
supervised for the remaining 6 weeks. Considering the
potential for low adherence and compliance to the exercise
program, a social media group was created to provide the
individuals with access to videos about the exercise pro-
gram, instructions on how to perform each exercise, number
of sets, repetitions, rest time, and perceived effort. The
physical therapist also encouraged the individuals to con-
tinue practice online and remained available throughout the
session durations to support them when necessary.

Participants randomly allocated into the control group
continued with usual care and treatment recommended by
the healthcare team such as pharmacological treatment
and/or physical activity, according to the Osteoarthritis
Research Society International (OARSI) Clinical Trial Recom-
mendation33 but performed no foot-ankle strengthening
exercises.27 For compliance with ethical requirements, after
the final assessment of the study, the individuals in the con-
trol group were invited to undergo 8 weeks of treatment
using the foot-ankle exercise program.

Outcomes

Assessments at baseline (T0) and 8 weeks after the interven-
tion (T1) were performed at the university’s facilities. The
primary efficacy endpoint was defined as the mean differ-
ence in the Western Ontario & McMaster Universities Osteo-
arthritis (WOMAC) pain subscale based on the OARSI task
force between T0 and T134 (Table 1). As for the secondary
endpoints, the mean difference between T0 and T1 for self-
reported stiffness, function, and WOMAC total index as well
as physical function performance-based tests by the 30-s
chair stand test, 9-step stair climb test, and 40-m fast-paced
walk test were considered (Table 1).

Randomization, allocation, and blinding

Offsite randomization was performed using RStudio
v.1.1.463 (R Foundation for Statistical Computing, Vienna,
Austria) in RStudio V.1.1.463 (RStudio, Boston, MA, USA) and
processed in permuted blocks. Allocation concealment was
ensured using sealed opaque envelopes inaccessible to
blinded assessors.

After signing the informed consent form, eligible individ-
uals were randomly allocated to the intervention or control
group by another independent researcher 1 week after the
baseline assessment. Clinical and functional outcomes were
evaluated by an independent researcher blinded to group
allocation, and individuals were asked not to reveal their
allocation status during the study period.

Statistical analysis

A statistician blinded to the group allocation conducted all
analyses before decoding the groups. The intention-to-treat
approach was employed for the data analysis. To handle
missing data, the data imputation method was utilized,

3

Brazilian Journal of Physical Therapy 27 (2023) 100531



specifically the Multiple Imputation by Chained Equations
algorithm.35

Continuous variables were analyzed with the Shapir-
o�Wilk test of normality and are presented as means and
standard deviations or medians (first and third quartile).
Categorical variables are presented as counts and percen-
tages. The Mann�Whitney U test was used to compare con-
tinuous variables between groups and Pearson’s chi-squared
test with Yates’s continuity correction for categorical varia-
bles. ANCOVA was conducted using the intervention group as
a reference and sex, BMI, and baseline measurements of
each outcome as covariates. The coefficient of determina-
tion (R2) of the ANCOVA model was also reported to analyze
the percentage of variation in the response to intervention
explained by the model. All statistical significance was set
at a two-sided p-value less than .05, also reporting the inter-
pretation of the 95% confidence interval.36

Results

We contacted 174 individuals from public announcements
and lists of local and regional orthopedic and

rheumatology clinics (Fig. 1) and 140 did not met the eli-
gibility criteria, mainly due to a lack of medial tibiofe-
moral KOA or low levels of knee pain (< 30 mm on VAS).
30 individuals meeting the inclusion criteria were random-
ized into the control group (n = 14) and intervention group
(n = 16) (Fig. 1). Of these, 24 individuals (control: n = 10;
intervention: n = 14) completed the 8-week program.
Average attendance rate for the exercise program was
88%. Four participants from the control group dropped out
due to loss of contact and two participants from the inter-
vention group due to a lack of attendance at scheduled
sessions.

Primary outcome

Groups were similar at baseline (Table 2). In the ANCOVA
model, after adjusting for sex, BMI, and the baseline WOMAC
pain score, the intervention showed a reduction of 4.4 points
(95% CI = �7.5, �1.1) on the WOMAC pain score compared to
the control group, indicating a potentially clinically mean-
ingful effect (Table 3). This model explained 49% (R2) of the
variability in WOMAC pain subscale score after 8 weeks of
intervention (Table 3).

Table 1 Detailed description of the outcome measures.

Outcome Description Scoring MCID

Western Ontario &

McMaster Uni-

versities Osteo-

arthritis Index

(WOMAC)

WOMAC is a 24-item self-reported ques-

tionnaire that measures three domains

(pain, stiffness and physical function)

graded on a five-point Likert scale.

Pain: 0-20 units;

Stiffness: 0-8 units;

Function: 0-68 units;

Total index: 0-96 units;

Higher scores indicate a

worse condition.

Pain: 2-point change on a 20-

point Likert scale37;

Function: a score of 21 or

higher indicating physical

work limitations38;

Total index: improvement of

12% from baseline.38

30 seconds (s)

chair stand test

Individual sit in the middle of the chair

placed against a wall to prevent move-

ment, with their back straight and feet

resting on the floor in line with their

shoulders. The participant is requested

to rise from sitting to standing as many

times as possible during 30s.

Total number of repetitions

within 30s; Higher num-

ber of repetitions indi-

cates better condition.

Increase of 2 to 3

repetitions.37

9-step stair climb

test

Individual is positioned in front of the

stairs and, at the therapist’s signal,

they climb the indicated steps (nine-

step stair) and descend promptly, while

the researcher keeps time.

The final score was calcu-

lated based on the time

the participant took to

perform the test; Shorter

time represents better

condition.

Reduction of 5.5s in time of

the test.37

40-m fast-paced

walk test

After marking a distance of 10 m (using

tape), cones are placed 2 m before the

start and 2 m after the end of each

marking. Individual is instructed to walk

as quickly but as safely as possible the

first 10 m (from the start mark), to turn

around at the cone and walk back the

10 m again, successively until complet-

ing the distance of 40 m.

The final score was calcu-

lated based on the speed

(m/s) to perform the

test; Higher speed repre-

sents better condition.

Increase of 0.2�0.3 m per

second in speed of the

test.37

MCID, minimal clinically important difference.
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Secondary outcomes

The ANCOVA model showed a reduction of 7.1 (95%CI =�12.7,
�1.4) and 11.9 (95%CI = �20.7, �3.1) points on the WOMAC
function and total index scores, respectively, in favor of the
intervention. The width of confidence intervals suggests a
potentially clinically meaningful effect for both secondary
outcomes (Table 3). In addition, each model explained 72%
and 69% of the variability of WOMAC function and total index
scores, respectively (Table 3). Regarding 30-s chair stand
scores, the intervention demonstrated an improvement of
2.7 (95%CI = 1.1, 4.1) repetitions compared to the control
group, with a confidence interval indicating a moderate clini-
cally meaningful effect and the model explaining 65% of vari-
ability (Table 3).

Discussion

Our findings showed that a foot-ankle exercise strengthening
program might be effective in improving knee pain and phys-
ical function of individuals with KOA, with a potential to be
clinically meaningful. In addition to demonstrating effec-
tiveness for pain and function, the proposed foot-ankle exer-
cise program could have the advantage of being low cost and

easy to perform (most of the exercises can be performed sit-
ting down), allowing individuals with stability problems or
poor cardiovascular health to participate.

The proposed foot-ankle exercise program appears to be
a good treatment option for reducing knee pain and improv-
ing function in individuals with KOA because it (i) reduced
WOMAC pain by 4.4 points, a value twice the minimal clini-
cally important difference (MCID) of 2 points;37 (ii) improved
self-reported functionality (WOMAC function subscale) by
7.1 points; (iii) increased physical function of sitting to
standing by 2.7 repetitions (MCID = 2 to 3). In addition,
WOMAC total index scores improved by 11.9 points (12.40%
of the total index score), also reaching MCID levels which is
12% from baseline assessment.38 Despite reaching MCID val-
ues, the small sample size and some wide confidence inter-
val values may generate some uncertainty about the effects
of the intervention.36,39 Even with the small sample size,
the R2 values of the ANCOVA model also could suggest a posi-
tive effect of the intervention potentially clinically
meaningful.40,41

A meta-analysis conducted by Goh et al.,42 which
included trials with primary outcomes of pain (69 trials) and
function (64 trials), demonstrated that physical exercises,
compared to usual care, are effective for improving knee
pain and physical function for up to 8 weeks for individuals

Fig. 1 Flow diagram of study.
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Table 2 Demographic and clinical characteristics of participants, and outcome scores at baseline.

Overall

(n=30)

Control group

(n=14)

Intervention group

(n=16)

Female sex [n (%)] 15 (50) 6 (42.9) 9 (56.2)

Age [years] 61.9 § 8.9 63.1 § 8.2 60.9 § 9.5

Body Mass Index [kg/m2] 29.9 § 3.7 30.8 § 3.9 29.1 § 3.5

Right dominant limb [n (%)] 26 (86.7) 10 (71.4) 16 (100)

KOA limb

Right [n (%)] 12 (40) 5 (35.7) 7 (43.8)

Left [n (%)] 6 (20) 3 (21.4) 3 (18.8)

Both [n (%)] 12 (40) 6 (42.9) 6 (37.5)

Most symptomatic limb

Right [n (%)] 17 (56.7) 7 (50) 10 (62.5)

Left [n (%)] 13 (43.3) 7 (50) 6 (37.5)

WOMAC pain (score) 9.4 § 4 8.8 § 4.6 10 § 3.3

WOMAC stiffness (score) 2.1 § 1.6 2.6 § 1.6 1.7 § 1.6

WOMAC function (score) 19.7 § 11.5 20.5 § 12.6 18.9 § 10.7

WOMAC Total Index (score) 31.2 § 15.4 31.9 § 17.5 30.7 § 13.7

30 seconds chair stand test (repetitions) 10.5 § 2.3 10.3 § 3 10.7 § 1.4

9-step stair climb test (seconds) 16.6 § 5.6 17.6 § 6.6 15.6 § 4.5

40-m fast-paced walk test (m/s) 1.3 § 0.2 1.4 § 0.2 1.3 § 0.2

Table 3 Primary and secondary outcomes comparisons after eight-week intervention.

Outcomes Control group

(n=10)

Intervention group

(n=14)

Unstandardized coefficient

of ANCOVA (95% CI)

R2

WOMAC pain

T0 8.8 § 4.6 10.0 § 3.3 �4.4 (�7.5, �1.1) 0.49

T1 8.6 § 5.0 4.8 § 3.3

T1 - T0 change �0.2 § 4.0 �5.6 § 4.0

WOMAC stiffness

T0 2.6 § 1.6 1.7 § 1.6 �0.9 (�2.5, 0.7) 0.18

T1 2.2 § 1.8 1.1 § 1.5

T1 - T0 change �0.4 § 1.8 �0.6 § 2.1

WOMAC function

T0 20.5 § 12.6 18.9 § 10.7 �7.1 (�12.7, �1.4) 0.72

T1 18.7 § 10.4 9.1 § 8.9

T1 - T0 change �3.2 § 5.6 �10.4 § 7.9

WOMAC Total Index

T0 31.9 § 17.5 30.7 § 13.7 �11.9 (�20.7, �3.1) 0.69

T1 29.5 § 16.0 15 § 13.0

T1 - T0 change �3.4 § 8.2 �16.8 § 12.0

30 seconds (s) chair stand

test

T0 10.3 § 3.0 10.7 § 1.4 2.7 (1.1, 4.1) 0.65

T1 9.3 § 1.9 12.1 § 2.3

T1 - T0 change �1.4 § 2 1.6 § 1.9

9-step stair climb test

T0 17.6 § 6.6 15.6 § 4.5 �2.7 (�5.7, 0.1) 0.62

T1 17.7 § 7.0 12.1 § 2.0

T1 - T0 change 0.1 § 4.6 �3.6 § 3.2

40-m fast-paced walk test

T0 1.4 § 0.2 1.3 § 0.2 0.2 (�0.0, 0.4) 0.29

T1 1.4 § 0.3 1.6 § 0.1

T1 - T0 change �0.0 § 0.2 0.3 § 0.2

Data based on Intention-to-treat analysis. Continuous data are mean § standard deviation. ANCOVA analysis using covariates sex, body
mass index, and baseline measurements of each outcome.
Abbreviations: 95% CI, 95% Confidence Interval; T0, baseline assessment; T1, post-intervention assessment.
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with mild to moderate KOA. However, the exercises pro-
posed in those trials did not include foot-ankle exercises.
Another meta-analysis that included 26 studies comparing
different types of physical exercise (individual or in groups;
isokinetic, isotonic, and isometric; high and low loads; and
combined with aerobic or proprioceptive) with control
groups confirmed the efficacy of those general exercises,
regardless of type, for reducing pain and improving func-
tion.43 Our results showed that foot-ankle exercises could
be considered in the treatment of KOA.

To the best of our knowledge, this is the first study to
investigate the effects of a foot-ankle exercise program on
knee pain and function in individuals with KOA. We postulate
that a stronger foot structure should better dissipate cumu-
lative loads by actively supporting the lower limb. Some
studies have demonstrated the benefits of strengthening the
foot-ankle muscles in various populations and musculoskele-
tal conditions.24,44�47 Mølgaard et al.48 demonstrated that
exercises for the foot muscles combined associated with the
use of foot orthoses were more effective than performing
exercises directed at the knee in individuals with patellofe-
moral pain. We suggest that better control of foot-ankle
motion and alignment through strengthening of the foot-
ankle musculature has the potential to reduce knee pain by
decreasing cumulative loads at the knee during
locomotion.49�51 Further studies should assess foot-ankle
kinematics and knee adduction moments to verify the
increased motion and functioning of the foot joints in addi-
tion to the supposed reduction of the knee impacts repre-
sented by the knee adduction moment, which is highly
associated with KOA progression and pain.52

In addition to the exercise program’s biomechanical
mechanism of action, improvements in general fitness, psy-
chosocial, and neurophysiological aspects53,54 could also
explain the pain reduction and physical function improve-
ment in the intervention group. Even though KOA is consid-
ered a local (joint) musculoskeletal disease, central
sensitization may be one of the pathophysiological mecha-
nisms explaining the pain in these individuals.55 The foot-
ankle exercise program could have been beneficial for pain
and function due to its exercise-induced antinociceptive
effects (opioid release) and hypoalgesia.54 It is also impor-
tant to consider the placebo effect of the care provided, in
addition to the natural history of KOA, and the regression to
the mean56 that may have occurred during the program and
may also explain the observed effects. However, our results
strongly suggest the beneficial effects of the exercise pro-
gram regardless of the mechanism of action, and such
changes in the course of the disease are the ultimate goals
in this population.

The main limitation of the present study is the small sam-
ple size which limits the external validity (generalizability)
of the results. However, the control group, who received
usual care, presented with high levels of pain and worse
function during the study period, indicating the beneficial
effect of the exercise program. Additionally, due to the type
of intervention (physical exercises), it was impossible to
blind participants or the researchers responsible for the
treatment. But, to maximize the methodological quality of
the study, the researchers responsible for the evaluations
and data analysis remained blinded to group allocation
throughout the study period.

Conclusion

An 8-week foot-ankle strengthening exercise program
showed positive, potentially clinically meaningful, effects
of decreasing knee pain and improving physical function
among individuals with KOA, when compared to the usual
care.

The findings suggest that foot�ankle exercises could be
an effective treatment strategy for improving pain and func-
tional deficits related to KOA. Larger trials are needed to
confirm the efficacy of this exercise program and investigate
the effects of foot�ankle exercises program on gait biome-
chanics parameters.
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