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Abstract

Background: Knee osteoarthritis (KOA) is a common degenerative disorder, often aggravated by obesity, malalignment,
and inactivity. While most rehabilitation targets proximal muscles, foot and ankle function —essential for shock absorption,
postural control, and gait—remains overlooked. This gap highlights the need for a more integrated approach addressing

both proximal and distal components of the lower limb.
Objectives: To evaluate the added benefit of foot and ankle exercises in KOA rehabilitation.

Methods: Eighty participants were randomized into two groups. Group A received exercises for foot intrinsic and plantar
flexors along with quadriceps, hamstrings, and hip abductors. Group B performed only proximal muscle exercises. Knee

Osteoarthritis Outcome Scores were recorded at baseline and after six weeks.

Results: Both groups improved significantly (overall posttest Mean = 48.42, SD =12.45; p < 0.05). Group A achieved greater
gains across all KOOS subscales (Mean = 59.86, SD = 12.58; p < 0.05).

Conclusion: Incorporating foot and ankle exercises enhances KOA rehabilitation, supporting a kinetic-chain approach.
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Introduction by cartilage degeneration, subchondral bone

- _ changes, and inflammation causing pain, stiffness,
Knee osteoarthritis (KOA) is the most common . .
muscle weakness, reduced mobility, and functional

and rapidly progressing form of arthritis ™, marked decline 2
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Osteoarthritis (OA), affecting the tibiofemoral
and patellofemoral joints, is classified as primary
(systemic/local factors) or secondary (identifiable
causes)P# Key risk factors include age, genetics,
obesity, trauma, repetitive stress, lifestyle, structural
abnormalities, and systemic diseases **!

A systematic review and meta-analysis reported
thatknee OA is more common in women and
increases with age, affecting 22.9% of people over
40 years. In 2020, there were 654 million cases
worldwide, with 19.2% prevalence in Asia. [

According to the Kellgren-Lawrence classification,
the prevalence of OA in India is 28.7%, higher in
women (31.6%) than men (28.1%). Elevated BMI,
sedentary lifestyle, and use of Western toilets are key
contributing factors !

Subchondral
cartilage loss in OA. Reduced blood supply triggers

bone changes may precede
osteoblasts to send signals that harm cartilage, and
exosomes promote cartilage breakdown.Senescent
chondrocytes release pro-inflammatory SASP factors
(TGF-B,IL-6), promoting chronic inflammation and

degradation 1!

Kinematic changes KOA increase peak knee
adduction moments (KAM) and reduce knee flexion
moments (KFM), indicating greater medial joint
loading and OA progression Pl. Cartilage damage
disrupts smooth motion, and repetitive loading
worsens pain, inflammation, and discomfort %!

Conventional OA management encompasses

medications, surgery, and non-pharmacological
approaches. Among the latter, exercises are widely
used as it is safer than medication and enhances

both function and overall health 'l

Conventional KOA rehabilitation targets hip
abductors, quadriceps, and hamstrings >, but
often overlooks the foot and ankle’s role in the
kinetic chain.

Recent research emphasizes the importance of
plantar flexors and intrinsic foot muscles in shock
absorption, posture, and gait. Weakness in these
muscles can disrupt mechanics, increase knee joint
stress, and limit the effectiveness of proximal-focused
rehab alone

This gap in current clinical practice underscores
the need for a comprehensive, integrated approach
that addresses both proximal and distal components
of the lower limb. Hence, this study aims to compare
the effectiveness of two exercise regimens: one
combining exercises for the hip abductors, quadriceps,
and hamstrings with plantar flexors and intrinsic foot
muscles, and another using conventional proximal-
focused exercises alone. Outcomes will be assessed
with KOOS to evaluate added benefits of foot and
ankle training.

Methodology

This single-blinded randomized controlled trial
was conducted at a tertiary care center in Dharwad,
Karnataka, India, from April 2024 to May 2025.
Ethical approval was obtained (SDMIEC/2024/715),
and the trial was preregistered (CTRI/2024/10/
075245). The study followed CONSORT 2025
guidelines.

A total of 93 patients presenting with knee pain
were screened. Inclusion criteria were individuals
aged 240 years ™, of any gender, with clinical and
radiographic evidence of medial tibiofemoral OA
in unilateral or bilateral knee/s [ ', Kellgren-
Lawrence grades 1-3M'1. Exclusion criteria included
inflammatory or infective arthritis, OA of the hip,
ankle, or foot, prior knee or hip surgery, taken
intra-articular injections within the past 6 months,
neurological disorders affecting the lower limbs, or
deformities of the affected limb(s). Written informed
consent was obtained from all participants after they
were fully informed about the study.

Sample size

The prevalence of osteoarthritis in India is
approximately 39%, with 83% attributed to knee
osteoarthritis (KOA). Using the formula 4pq/L?
(p=83%,q=17%,L=10%), and a 5% alpha error, the
calculated sample size was 80, divided equally into
two groups of 40 participants each.

Randomization and Blinding

The participants’ demographic data were takenand
assessed. Of 93 participants, 80 met the criteria and
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were randomized (1:1) into Group A (experimental, = envelope method by an independent third party,
n =40) and Group B (control, n=40) usinga concealed  ensuring allocation blinding (Figure 1).

[ Enroliment ] Assessed for eligibility (n=93)

Excluded (n=13)

Not meeting inclusion criteria (n=13)
Declined to participate (n=0)

Other reasons (n=0)

v

Randomized (n= 80)

!

A 4

Allocated to group A (n=40) Allocated to group B (n=40)
Received allocated intervention (n=40) Received allocated intervention (n=40)
Did not receive allocated intervention (n=0) Did not receive allocated intervention (n=0)

Follow-Up ]
(At 6 week) (At 6 week)
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
l Analysis ]
Analysed (n=40) Analysed (n=40)
Excluded from analysis (n=0) Excluded from analysis (n=0)

Figure 1. CONSORT flowchart

Interventions Exercise Protocol for Group A (Figures 2 to 6)
Group A: - plantar flexors and intrinsic muscles The exercise regimen was customized, with
of the foot exercise training along with hamstrings,  Jjgtinct sets and repetitions for every muscle that
quadriceps, and hip abductors. were increased weekly with a 1-minute rest between

Group B: - hip abductors, quadriceps, hamstrings ~ sets.
training.
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Figure 2: Hip Abductor Training Exercise

Figure 4: Hamstring Training Exercise

Y CLEAN THE Eq
RE AND AFTER TR§

Figure 5: Plantar Flexors Training Exercise (5a, 5b)
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Hamstrings- 40x2
Plantar flexors- 40x2
Intrinsics- 1 min x2
4" week:

Hip abductors- 20x2
Quadriceps- 50x2
Hamstrings- 50x2
Plantar flexors- 50x2
Intrinsics- 1 min x3

5% week: Half kg of external resistance was added
for hip abductors, quadriceps, hamstrings and 100
grams was added for intrinsics

Hip abductors- 10x2
Quadriceps- 20x2

Hamstrings- 20x2

Plantar flexors- 20x2

Figure 6: Foot Intrinsics Exercise Training Intrinsics- 1 min x3
1% week: 6t week: 1 kg of external resistance was added for
Hip abductors- 10x2 hip abductors, quadriceps, hamstrings and 200 grams

Quadri 20x2 was added for intrinsics
uadriceps- 20x

Hip abductors- 10x2
Hamstrings- 20x2

Quadriceps- 20x2
Plantar flexors- 20x2

Hamstrings- 20x2
Intrinsics- 30secs x2 (curling and releasing the toes

for 30 secs into 2 sets) Plantar flexors- 20x2
ond yweek: Intrinsics-1 min x3
Hip abductors- 15x2 Exercise Protocol for Group B (Figures 2 to 4)
Quadriceps- 30x2 The protocol is the same as experimental group for
Hamstrings- 30x2 the Hip abductors, quadriceps, and hamstrings.
Plantar flexors- 30x2 A compliance sheet was given to every subject,

L where he/she had to tick, as they performed the
Intrinsics- 45secs x2 . .
exercises. Patients were followed once aweek.

3rd k:

wee Each muscle group was performed 5 days a week.
Hip abductors- 15x2 Hence, a total of 90 sessions were carried out for 30
Quadriceps- 40x2 minutes. A minimum of 45 sessions was considered

for evaluating the participant.
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Outcomes

The KOOS is a self-administered questionnaire
consisting of 42 items; five domains. Scores for each
domain are transformed to a 0-100 scale, with 100
indicating no problems ['"). Participants completed all
domains at baseline and at the end of the 6th week.

Statistical Analysis

All analyses were conducted using SPSS version
23 (IBM, Armonk, NY, USA). Descriptive statistics
included mean, standard deviation, frequencies,
and percentages. Chi-square and independent
t-tests assessed demographic differences. Normality
was tested using the Shapiro-Wilk test, revealing

a non-normal distribution. Therefore, Wilcoxon

matched pairs test and Mann-Whitney U test were
used for within- and between-group comparisons,
respectively. A p-value <0.05 was considered
statistically significant.

Results

Baseline data showed no significant differences
between groups (Tables land 2). After 6 weeks
of intervention, both groups showed significant
improvements across all KOOS domains (p=0.0001%)
[Table 3], with Group A demonstrating significantly
greater improvement than Group B (p=0.0001%)
[Table4]. MCID values are Pain: 14.3- 15.3, Symptoms:
14.1-15.6, ADL: 15.2-16.0, Sp/rec: 11.7-11.8 and
QOL: 13.608

Table 1. Comparison of gender distribution in both groups.

Gender Group A % Group B % Total % P-value
Male 13 32.50 14 35.00 27 33.75 0.8131
Female 27 67.50 26 65.00 53 66.25
Total 40 100.00 40 100.00 80 100.00
Chi-square test, Group A- experimental group, Group B- control group
Table 2. Comparison of Group A and Group B with mean age by
Group n Mean SD SE t-value P-value
Group A 40 59.38 10.56 1.67 0.2397 0.8112
Group B 40 58.88 7.91 1.25

Independent t test, Group A- experimental group, Group B-control group, SD- standard deviation,

SE- standard error

Table 3. Within-Group Comparison of Pre-Test and Post-Test Scores of KOOS in Group A and Group B

KOOS Group Time Mean SD Mean | Effect % of | Z-value | p-value
Domains Diff. Size Effect
Pain A Pretest 22.40 12.09
Posttest | 68.78 12.15 46.37 3.84 207.02 5.43 0.0001*
B Pretest 21.63 8.97
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Continue....
Posttest | 38.73 11.50 17.09 1.91 79.01 5.44 0.0001*
Symptoms A Pretest 26.08 10.53
Posttest | 57.42 11.50 31.34 2.98 120.19 5.51 0.0001*
B Pretest 24.59 7.74
Posttest | 38.60 10.77 14.01 1.81 56.95 497 0.0001*
ADL A Pretest 18.80 7.68
Posttest | 63.22 12.68 4443 5.79 236.37 5.51 0.0000*
B Pretest 16.53 5.11
Posttest | 35.35 11.73 18.82 3.68 113.87 4.81 0.0000*
SP/REC A Pretest 16.12 8.21
Posttest | 49.06 15.19 32.93 4.01 204.24 5.44 0.0001*
B Pretest 15.30 10.86
Posttest | 29.93 12.89 14.63 1.35 95.59 5.37 0.0001*
QOL A Pretest 32.69 10.13
Posttest | 59.84 12.08 27.15 2.68 83.04 5.44 0.0001*
B Pretest 35.39 11.17
Posttest | 43.28 14.04 7.89 0.71 22.29 4.56 0.0001*

Wilcoxon Matched Pairs Test, ADL = Activities of Daily Living, SP/REC = Sports/Recreation, QOL =
Quality of Life, SD = standard deviation, Diff = difference, KOOS = Knee Injury and Osteoarthritis Outcome

Score p< 0.05*

Table 4. Between-Group Comparison of Pre-Test and Post-Test Scores of KOOS in Group A and Group B

KOOS Time Point Group A Mean | GroupB | Mean | Effect | Z-value | p-value
Domains Mean*SD | Rank A | Mean* | RankB | Size

SD

Pain Pretest 2240 % 40.44 21.63 = 40.56 0.07 0.0192 0.9846
12.09 8.97

Posttest 69.78 £ 58.93 38.73 £ 22.08 2.70 7.0870 0.0001*
11.47 11.50

Difference 47.37 £ 58.08 17.09 £ 22.93 2.39 6.7598 0.0001*
16.29 9.03
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Continue....
Symptoms Pretest 26.08 + 40.93 2459 + 40.08 0.16 0.1588 0.8738
10.53 7.74
Posttest 57.42 = 54.93 38.60 = 26.08 1.69 5.5474 0.0001*
11.50 10.77
Difference 31.34 + 55.16 14.01 + 25.84 1.69 5.6388 0.0001*
12.86 7.64
ADL Pretest 1880+7.68 | 42.23 16.53 + 38.78 0.35 0.6591 0.5098
5.11
Posttest 63.22 £ 57.69 3535+ 23.31 2.28 6.6107 0.0001*
12.68 11.73
Difference 44.43 + 57.01 18.82 23.99 2.07 6.3509 0.0001*
14.75 9.98
SP/REC Pretest 16.12+£8.21 | 40.73 15.30 £ 40.28 0.09 0.0818 0.9348
10.86
Posttest 49.06 + 53.24 29.93 + 27.76 1.36 4.8979 0.0001*
15.19 12.89
Difference 32.93 + 54.28 14.63 + 26.73 1.55 5.2972 0.0001*
15.24 8.40
QOL Pretest 32.69 = 40.14 35.39 40.86 0.25 0.1347 0.8928
10.13 11.17
Posttest 59.84 + 52.85 43.28 + 28.15 1.27 4.7487 0.0001*
12.08 14.04
Difference 2715+ 56.65 7.89 = 24.35 1.85 6.2113 0.0001*
12.80 7.97
Mann Witney U Test, ADL = Activities of Daily Frontal plane pelvic control during gait

Living, SP/REC = Sports/Recreation, QOL = Quality
of Life, SD = standard deviation, KOOS = Knee Injury
and Osteoarthritis Outcome Score p< 0.05*

Discussion

The objective of the current study was to assess
how a thorough lower limb training program
affected people with KOA. The study consisted
of 80 participants, randomly divided into two
groups: the experimental and control group. Results
demonstrated statistically significant improvements
in both groups through within-group analysis, while
between-group analysis favored the experimental
group.

depends on the hip abductors, which prevent
contralateral pelvic drop and trunk sway. In KOA,
weak abductors cause pelvic instability, trunk
lean, higher knee adduction moments, and medial
knee overload " Training them improves lateral
stability, reduces dynamic valgus, and enhances gait
symmetry and confidence.

The quadriceps femoris stabilizes the knee during
gait, working isometrically at heel strike, eccentrically
to foot flat, and concentrically in mid-stance,
with peak activity again in deceleration. In KOA,
quadriceps weakness reduces shock absorption,
stability, and eccentric control, impairing function.
Dynamic quadriceps training improves knee control,
load distribution, pain and mobility. 213}
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The hamstrings stabilize the knee by acting
eccentrically at heel strike, concentrically at toe-off
and mid-swing, and eccentrically in deceleration.
In KOA, weakness impairs tibial control, swing
initiation, and stability, increasing anterior knee load.
Eccentric training restores support, balance, gait
stability, and efficiency '3

The gastrocnemius, stabilizes the ankle during
the foot flat and controls anterior tibial translation
eccentrically in mid-stance. Its peak activity occurs
during heel off, where it contracts concentrically,
providing plantarflexion power for propulsion, and
continues through toe-off before becoming inactive
in swing phases. Originating from the femur, its
activation also helps control anterior tibial glide,
reducing shear forces in the tibiofemoral joint. In
KOA, weak plantar flexors diminish eccentric control
and push-off strength, contributing to poor gait
mechanics and joint stress.*!

The experimental group showed better dynamic
knee stability in mid-to-terminal stance due to
gastrocnemius training, which improved push-off
timing and magnitude, reduced gait asymmetry,
minimized compensatory hip/trunk movements,
and absorbed impact after initial contact, lowering
knee joint loads.

The soleus originates from the posterior fibular
head and upper shaft, the tibialsoleal line, and the
middle third of the medial tibial border, narrowing
to join the calcaneal tendon. While its main role is
knee
biomechanics by modulating tibial rotation during

ankle plantarflexion, it also influences
gait.Its inferior part is deeply indented in the shape

of a horseshoe with a medial and lateral border?"?2.

1. Heel strike to mid-stance: Soleus eccentrically
controls tibial forward translation and internal
rotation, preventing excess dorsiflexion and
prolonged pronation that increase KAM and
medial knee stress.

2. Mid-stance to toe-off: Soleus maintains
eccentric control until heel-off, then switches
to concentric action to drive plantarflexion,

subtalar supination, and tibial external rotation.

The toe intrinsics, originating from the calcaneus
and plantar fascia and inserting into the proximal
phalanges and extensor hoods, play key roles in gait:

1. Arch Support: Maintain medial arch, limit
pronation, and control tibial/femoral rotation.
Weakness causes arch collapse, poor force
transfer, longer stance, and medial knee
overload.

2. Midstance to Toe-off: Stabilize MTPJs and
activate the windlass mechanism, stiffening the
arch for efficient push-off, better propulsion,
and reduced hip/quadriceps strain.[4!

Knee OA reduces knee extension and propulsion,
altering gait with weaker toe-off. Shortened stance
time lowers toe intrinsic activation, leading to poor
proprioception and balance. Training toe intrinsics
improved toe clearance, reduced tripping risk,
enhanced gait coordination, and lowered abnormal
OA limb loading.

* A bottom-up biomechanical improvement
throughout the lower leg is produced by the
coordinated participation of these muscles:

to Mid-Stance: Reduced
excessive dorsiflexion due to improved soleus

e Initial Contact

function minimizes knee overloading.

e From mid-stance to terminal stance, the
gastrocnemius muscle helps stabilize the knee
and facilitates effective forward propulsion

* Terminal Stance to Pre-Swing: The limb is
ready for swing due to the toe intrinsics, which
also provide final propulsion and strengthen
arch mechanics.

The experimental group improved KOOS scores
by enhancing gait mechanics and redistributing
load, reducing knee stress. Gastro-soleus training
boosted plantarflexion for smoother weight transfer
and stronger push-off, while stronger toe intrinsics

improved terminal stance stability, stride symmetry,
and reduced fall risk?!

In future longitudinal studies to evaluate the
sustained effects of this expanded protocol over six
months to one year can be conducted, biomechanical
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analysis techniques (such as EMG and gait analysis)
can be used to clarify the physiological processes
behind the noted functional gains.

The limitations of the study was theshort-term
duration of the intervention limits the ability to
assess the prolonged sustainability of the selected
parameters. The study was conducted in a single-
center setting, which may restrict the generalizability
of findings to broader or more diverse populations.

Conclusion

The findings of this study provide compelling
evidence for a holistic, kinetic-chain-focused
rehabilitation strategy in managing KOA. The
experimental group, which received additional
foot and ankle exercises, outperformed the control
group across all KOOS subscales. These benefits
likely stem from improved gait mechanics, enhanced
neuromuscular control, and reduced joint stress.
This study advocates for shifting rehabilitation
paradigms toward full-limb, multi-joint interventions
that reflect the functional complexity of human
movement.
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