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The Impact of Pes Planus on Knee Function and Its Association with
Medial Compartment Knee Osteoarthritis

Vishal Patil’, Meet Shah', Karishma Krishnani’, Neeha Jhala®

Learning Point of the Article:
The impact of pes planus is a function of its severity, with severe pes planus causing early onset medial compartment OA in
younger age group.

Introduction: Pes planus, commonly known as flat foot, is characterized by the lowering of the medial longitudinal arch of the foot, leading to
alterations in lower limb biomechanics and potential pain and injury. This condition can affect the mechanical alignment and dynamic function
of the lower limb, potentially contributing to the development and progression of knee osteoarthritis (OA). This study aims to investigate the
association between pes planus and medial compartmentknee OA as well asits impact on the knee functional score.

Materials and Methods: This cross-sectional study included 165 patients aged 20-72 years. Inclusion criteria were individuals with unilateral
or bilateral flat feet, while exclusion criteria were other foot conditions, history of knee or ankle surgeries, rheumatoid arthritis, and limb length
discrepancies. Clinical assessments included knee joint tenderness, foot arch measurement using the foot arch index, and radiographic
evaluations of Meary's angle and tibiofemoral (TF) angle. The knee injury and osteoarthritis outcome score (KOOS) was used to assess knee
function.

Results: The study population had a mean age 0f43.98 + 13.17 years. Meary's angle ranged from S to 19° (mean 9.46), and the foot arch index
ranged from 0.220 to 0.520 (mean 0.33). The TF angle ranged from 1.7 to 7.5° (mean 4.98). KOOS scores varied from 10 to 100 (mean 62.40).
Patients with more severe flat feet (higher Meary's angle and foot arch index) had significantly lower KOOS scores, indicating worse knee
function and greater pain. The correlations between foot archindex, Meary's angle, and KOOS scores were statistically significant (P =0.001).
Conclusion: This study demonstrates a strong association between flat foot severity and knee OA. Increased Meary's angle and foot arch index
were correlated with worsened knee function and increased pain, as measured by KOOS scores. These findings highlight the importance of
assessingfoot posture in patients with medial compartment OA and suggest that early intervention and orthotic management could be beneficial
in mitigating the progression and severity ofknee OA in patients with pes planus.
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Introduction two main types of pes planus: Flexible and rigid. Flexible pes
Pes planus, commonly known as flat foot, is characterized by the planus shows a normal arch when the foot is not bearing weight
lowering of the medial longitudinal arch of the foot, resulting in butalowered archwhen itis weight-bearing[2]. In contrast, rigid

the flattening of the foot arch [1]. While often asymptomatic, P€S planus, also known as structural pes planus, involves a

permanently lowered arch.Flexible pes planus can be associated
with posterior tibial tendon dysfunction, hindfoot fractures,

this condition alters lower limb biomechanics and muscle
activity, potentially leading to pain and injury [2, 3]. There are
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Figure 1: Measurement of Meary’s angle on lateral weight-bearing
radiograph of the foot. The Meary’s angle is 9.6° showing a presence
offlat-foot.
plantar fascia injuries, spring ligament injuries, and
degenerative or inflammatory arthropathies [2-4]. The human
foot'sarches — mediallongitudinal, lateral longitudinal, anterior

been reported that flat
feet often result in knee
pain and damage to the
medial cartilage
[8].Knee osteoarthritis
(OA) is a degenerative,
age-related disorder
characterized by
chronic joint stiffness
and pain, which limits
daily activities.
Although the exact
etiology of knee OA is
not fully understood [9,
10], recent studies have
focused on
biomechanical factors
in the disease's
pathogenesis,
especially the knee
adduction movement,

transverse, and posterior transverse — are crucial in shaping the which has been

foot and are unique to each individual [ $]. The foot plays a vital Figure2: Measurementoftibiofemoralangle. implicated in the

role in absorbing mechanical stresses from ground contact and progression of medial
influences postural alignment and joint motion in the kneeand ~ compartmentknee OA. Globally, symptomatic knee OA affects
lower extremities [6]. During weight-bearing activities, the ~ an estimated 9.6% of men and 18.6% of women over the age of
interrelationship between knee posture and foot motion can ~ 60. In India, the prevalence ranges from 22% to 39% [11,

lead to excessive rotation in individuals with flat feet [7]. Ithas ~ 12].Foot posture has been suggested to influence the
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Graph 1: Correlation between KOOS score and foot arch index, showing patients with less severe

flat foot suggested by foot arch index score <0.31 foot have minimal knee pain and better knee
Figure 3: Measur_emer?t Ofﬁbiaf_emoral_ a_ngle in the plain anterop °S_te_ri°r radiograph iy, ction, with increasing severity of flat foot as suggested by foot arch index score >0.31 and foot
of theknee taken in weight-bearing position, X-ray shows reduced tibiofemoral angle pronation there is deterioration of the KOOS score. KOOS: Knee injury and osteoarthritis

of4.1°inapatient with grade 3 Kellgren-Lawrence knee osteoarthritis.
outcome score.
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Correlation between KOOS score and Meary's Angle

Meary's Angle

KOOS SCORE

Graph 2: Correlation between KOOS score and Meary’s angle, The patients with less severe
flat foot (Meary’s angle <8) have better knee function (KOOS score) and minimal pain as
compared to patients with severe flat foot (Meary’s angle >8) who have worse knee function.

KOOS: Knee injuryand osteoarthritis outcome score.

development of lower limb musculoskeletal conditions due to
its impact on the mechanical alignment and dynamic function
of the lower limb [13, 14]. Recent studies have indicated that a
more pronated foot posture is common in individuals with OA
and is associated with pes planus morphology and medial
cartilage damage [15-18]. The relationship between pes planus
and knee OA highlights the need to consider the impact of flat
feet on the progression and severity ofknee OA.

Aim
The aim is to study the association between the flat foot and
medial compartment OA.

Materials and Methods

Given the prevalence of OA at 39% in the Indian population, as
reported by Pal et al. in “An Epidemiology of Knee OA in India
and Related Factors,” a sample size of 163 was determined based
on a 95% confidence interval, an acceptable difference of
7.5/100, and an assumed rate 0£39%/100.The inclusion criteria
for the study were individuals over 20 years of age with
unilateral or bilateral flat feet. Exclusion criteria included the
presence of any other foot conditions, a history of operative
procedures on the knee or ankle joints, the presence of
rheumatoid arthritis, and limb length discrepancies.Patients
were clinically examined for knee joint tenderness and assessed

n | Minimum | Maximum | Mean | Standard deviation

Age | 165 20 7 4398 13.17

Table 1: Mean age distribution of the subjects.

120

for foot arch using the foot arch index. Radiographic
assessments were conducted, including knee radiographs to
determine the Kellgren-Lawrence (KL) grade of knee OA
and weight-bearing lateral radiographs to measure Meary's
angle. In addition, the tibiofemoral (TF) angle was
calculated to identify varus deviations in the patients. The
patients were asked to fill up the knee injury and
osteoarthritis outcome score (KOOS) questionnaire to
assess their knee functions. After collecting the data, patients
were divided into two broad age groups: Those younger than
4S5 years and those older than 45 years. Each of these groups
was further subdivided into patients with knee pain and
those without knee pain. The severity of flat foot and its
association with knee pain and the development of
radiological knee changes were then compared across these
subgroups.

Results

The study included 165 patients ranging from 20 years to a
maximum of 72 years, and the mean age in this study was 43.98
+ 13.17 years as shown in Table 1. Age-wise distribution
showed that 51.5% of the subjects were >45 years and 48.5% of
the patients were under 45 years of age as shown in Table 2.

The Meary’s angle measured in the subject ranged from a
minimum of 5° to a maximum of 19° with the mean being 9.46°.
The foot arch index ranged from 0.220 to 0.520 with a mean of
0.33 as shown in Table 3. The tibiofemoral angle measured in
the subject ranged from a minimum of 1.7 to a maximum of 7.5°
with the mean being 4.984°. The KOOS score in the patients
were recorded between a minimum of 10 and a maximum of
100 and the mean was 62.40 as shown in Table 4.

The patients were classified into two groups one with minimal
knee pain with KL grade 1 and 2 and the other with severe knee
pain and KL grade 3 and 4. 85 patients with minimal knee pain
had a mean tibiofemoral angle of 6.20 + 0.82 and 80 patients
with severe knee pain had a mean tibiofemoral angle of 3.68 +
0.99. The correlation between tibiofemoral angle and knee pain
was statistically significant. (P = 0.001), suggesting that the
patients with more varus deviated knee are likely to have more

Age groups Frequency Percent
<45 years 80 48.5
>45 years 85 51.5

Total 165 100

Table 2: Distribution of the subjects based on age groups.
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Table 3: Mean descriptives of flat foot severity.

severe knee pain. This is shown in Table 5. Out of 83 patients
(50.3%) having foot arch index <0.31, 74 (44.8%) had minimal
knee painand 9 (5.5%) had severe knee pain. Out of 82 patients
(49.7%) having foot arch index >0.31, 11 (6.7%) had minimal
knee pain and 71 (43%) had severe Knee pain. The correlation
between foot arch index and KL grade was statistically
significant (P = 0.001). Out of 80 patients (48.5%) having
Meary’s angle (in degree) <8, 77 (46.7%) had minimal knee
pain and 3 (1.8%) had severe knee pain. Out of 85 patients
(51.5%) having Meary’s angle (in degree) >8, 8 (4.8%) had
minimal knee pain and 77 (46.7%) had severe knee pain. The
correlation between Meary’s angle and KL grade was
statistically significant. (P = 0.001) this is depicted in Table 6.
Fig. 1 shows the calculation of Meary’s angle, and Figs. 2 and 3
show the calculation of the tibiofemoral angle Eighty-three
patients (50.3%) had a foot arch index <0.31, of which, 8
patients (4.8%) had a KOOS score <50 and 75 patients (45.5%)
had a KOOS score >50. Eighty-two patients (49.7%) had a foot
arch index >0.31, of which, 63 patients (38.2%) had a KOOS
score <50 and 19 patients (11.5%) had a KOOS score >50. The
correlation between the foot arch index and KOOS score was
statistically significant (P = 0.001), as the severity of flat foot
increases the severity of knee pain in the patients and the
function of the knee decreases as shown by deteriorating KOOS
score. 80 patients (48.5%) having Meary’s angle <8, of which, 3
patients (1.8%) had a KOOS score <50and 77 patients (46.7%)
had a KOOS score >50. 85 patients (51.5%) having Meary’s
angle >8, of which, 68 patients (41.2%) had a KOOS score <50
and 17 patients (10.3%) had a KOOS score >50. The
correlation between Meary’s angle and KOOS score was
statistically significant. (P = 0.001) shown in Table 7, Graphs 1
and?2.

Table 4: Mean descriptives of indicators of knee osteoarthritis.

The odds ratio and relative risk were
calculated to compare patients with severe
flat foot to those with mild to moderate flat
foot in relation to the development of
significant knee OA, as assessed by
radiographic KL grades. Severe flat foot was
defined by a foot arch index, while mild to
moderate flat foot was classified as the non-
exposed group. Out of 82 patients with
severe flat foot, 71 had radiographic KL
grades 3 or 4, indicating advanced OA. In contrast, among 83
patients with mild to moderate flat foot, only 9 had radiographic
KL grades 3 or4. Theresults showed an oddsratio 0of $3.07and a
relative risk of 8.6, indicating that patients with severe flat foot
are significantly more likely to develop severe knee OA
compared to those with mild to moderate flat foot.

Discussion

Thereisalack of research on the connection between pes planus
and knee OA, despite data indicating a biomechanical
association. The potential for mechanical stress on the TF and
patellofemoral compartments due to an overly planus foot
shape has been suggested. This study examines several
parameters related to this association.Sharma et al. [11]
investigated knee OA in individuals older than 60 years,
identifying high body mass index, obesity, a history of knee
injuries, female sex, age (50-75 years), and vigorous physical
activity as risk factors for OA, as supported by Silverwood et al.
[20]. These findings align with our study, where the mean age of
patients was 43.98 £ 13.17 years. Among the 165 patients, 80
(48.5%) were younger than 45 years, and 85 (51.5%) were older
than 45 years.The talar-first metatarsal angle, calcaneal pitch,
and talonavicular coverage angle are crucial metrics for
diagnosing and grading flat feet in adults. A larger rotation of up
to 7° laterally indicates flat feet, with a Meary's angle of 15°
considered “severe” flat foot [19]. In our study, the mean
Meary's angle was 9.46+3.44°. Radiographs of individuals with
clinically confirmed flatfoot and those with normal feet, as
investigated by Younger et al. and Coughlin and Kaz, showed
substantial correlations between flatfoot and abnormal Meary's
angle, calcaneal pitch angle, and
cuneiform-to-fifth metatarsal
height.Hakukawa et al. [21] found
that severe flatfoot often
accompanies the progression of
knee OA, particularly as the
condition advances from KL-1 to
KL-2 and KL-3 stages. The medial
longitudinal arch index, specifically
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Table S: Comparison of the tibiofemoral angle based on kl grade using independent sample t-test.

the anteroposterior (AP) Meary's angle, is an important
indicator for assessing flatfoot. The AP Meary's angle defines
the arch height and is effective for evaluating planovalgus
deformity, which reflects the alignment of the talocrural and
subtalar joints.Our study found a statistically significant
correlation between Meary's angle and both KL grade and
KOOS score (P = 0.001). An increase in Meary's angle was
associated with significant worsening of knee function, as
demonstrated by the KOOS score. Patients with a Meary's angle
<8 degrees had good knee function and minimal knee
pain.During activity, the foot absorbs stress and serves as a
cushion. A healthy arch helps maintain balance, while flat feet
reduce the cushioning effect, causing increased stress on the
knees and altering the biomechanical line, making prolonged
walking difficult. The arch index, which measures foot features
using a static footprint, is a reliable tool that does not depend on
the examiner's clinical judgment. Levinger et al. [17]
demonstrated that the arch index shows good reliability and can
distinguish medial compartment knee OA based on changes in
foot position. In our study, the mean foot arch index was 0.33 +
0.06. The correlation between foot arch index and KOOS score

was statistically significant (P = 0.001), with patients having a
foot arch index score <0.31 showing better functional scores
compared to those with scores above 0.31.Unusual foot
alignment and structure can lead to compensatory mechanisms
such as varus knee. In our study, the mean TF angle was 4.984 +
1.55°. Patients with minimal knee pain had a mean TF angle of
6.20 £ 0.82° while those with severe knee pain had a mean angle
of 3.68 £ 0.99 degrees. The correlation between TF angle and
knee pain was statistically significant (P = 0.001). These
findings are consistent with Zhang et al. [22], who concluded
that flat feet contribute to knee pain, and the severity of
flattening determines the severity of knee pain.In our study, the
mean KOOS score was 62.4 +29.21. Patients with minimal knee
pain had a KOOS score of 88.04 + 9.80, while those with severe
knee pain had a mean KOOS score of 35.16 + 14.55. The
correlation between KOOS score and knee pain was statistically
significant (P = 0.001). Comparisons of KOOS scores against
footarch indexand Meary's angle showed that patients with less
severe flat feet had better knee function and minimal pain,
whereas those with a foot arch index >0.31 and a Meary's angle
>8°had worsening knee scores. This trend was observed even in

Table 6: Association of knee pain with flat foot severity.

Table 7: Association of KOOS scores with flat foot severity.

Journal of Orthopaedic Case Reports | Volume 14 | Issue 10 | October 2024 | Page 275-281




Patil V, etal

www.jocr.co.in

the younger age group, indicating that a more severe flat foot is
associated with worse knee scores.

Limitations

The association between flatfoot and knee OA was examined;
however, other significant variables including foot discomfort
were not taken into account. We did not rule out the potential
that painin otherjoints may playarole.

A smallsamplesize

A longitudinal study is required to assess the causal relationship
between severe flat foot and early-onset medial compartment
OA in the younger age group A study is required to study the
effect of giving foot orthosis to young patients and flat foot
progression.

Conclusion

The results of this study demonstrated a strong association

between flatfoot and knee OA, and the foot posture is strongly
correlated with the internal femorotibial knee OA, as a more
pronated foot causes internal rotation at the tibia and worsening
of the knee functions and knee pain. The assessment of the foot
posture of people with medial compartment OA is necessary to
improve our understanding of foot orthoses and footwear
modification on lower limb alignment and function.Old age,
increased Meary's angle, foot arch index, reduced TF angle, and
KOOS score were significant variables that showed a strong
association in demonstrating the relation between pes planus
and the development ofknee OA in the present study.

Clinical Message

Flat foot and is associated with knee OA. The more severe the flat
foot the worse are the knee functional scores in the patients. Severe
flat foot is also a risk factor for the development of early-onset knee
OAinyoungerindividuals.
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