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INTRODUCTION

Osteoarthritis is characterised by progressive degeneration 
of articular cartilage and subchondral bone that involves 
the weight-bearing joint with the knee being more preva-
lent. There develop synoptic to clean the necrosed cartilage. 
Osteoarthritis poses a significant personal and global eco-
nomic burden.1 The pathogenesis of OA is characterized by 
the destruction of cartilage and subchondral bone and by 
synovial inflammation.1 Osteoarthritis typically presents in 
the weight-bearing joints of the lower limb, with knee os-
teoarthritis being the most prevalent.1Pain and difficulty 
in ADL are the main symptoms in patients with OA.2 The 
medial compartment of the knee is the most commonly af-
fected. 3 Varus malalignment is seen most commonly in knee 
OA.4The femoral and tibial longitudinal axes normally form 

an angle medially at the knee joint of 180° to 185°. If the 
medial tibiofemoral angle is greater than 185°, an abnormal 
condition called genu valgum (“knock knees”) exists. If the 
medial tibiofemoral angle is 175° or less, the resulting ab-
normality is called genu varum (“bow legs”) .5 Risk factors 
of osteoarthritis was described in various researches. These 
include both generalised constitutional factors (age, female 
sex, obesity, family history) and local adverse mechanical 
factors (trauma, occupational and recreational wear, mala-
lignment, generalised laxity).4 But no studies described spe-
cifically the cause of varus knee alignment. Neutral lower 
limb alignment a vertical line drawn from the centre of the 
head of the femur passes through the centre of the knee and 
centre of the ankle joints. In the case of Genu-varus, this line 
passes through the medial compartment of the tibiofemoral 
joint thus medial compartment is loaded more, predisposing 
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ABSTRACT
Introduction: This study was conducted to examine the association between knee osteoarthritis and hindfoot angle, medial 
tibiofemoral angle, piriformis tightness and hip internal rotation. 
Aims: To examine the association between knee osteoarthritis and hindfoot angle, medial tibiofemoral angle, piriformis tightness 
and hip internal rotation.
Methodology: A quantitative study with a non-experimental relational design was conducted on a total sample consist of 132 
knees of 89 subjects ( 31 males and 58 females) age range (45– 70).
Result: On multiple regressions with entering model (R=.708,   R2= .501 and p=.000), a good (R=.655) and significant cor-
relation (p.000) lead to linear regression analysis between medial tibiofemoral angle and hindfoot angle. Pearson correlation 
between hindfoot angle and medial tibiofemoral angle was R=.655, R2 =.429, p=.001, beta= -.822. Pearson chi-square (p=.000), 
likelihood ratio (p=.000) and Fisher’s exact test (p=.000) show that there is a significant association between piriformis tightness 
and OA grade, phi coefficient was .595 and Cramer’s V was .343 which shows the association is strong.
Conclusion: Medial compartment osteoarthritis of the knee joint is characterised by genu varum. It is often associated with 
hindfoot varus. Both genu varum and hindfoot varum can biomechanically be linked with the tightness of the piriformis muscle.
Key Words: Knee osteoarthritis, Piriformis, Genu varum, Hindfoot varus, Hip internal rotation, Tibiofemoral angle, Grades of 
osteoarthritis
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to degeneration of articular cartilage. External rotation of the 
hip, both in weight-bearing and non-weight-bearing, results 
in genu varum and foot supination.6

The exact cause of OA is not known, however, increased 
loading, malalignment,  altered biomechanics,   nature of 
functional activities etc. contribute significantly to the de-
velopment of degeneration. Though primarily it involves 
the articular cartilage, secondarily joint capsules ligaments, 
ligaments, muscles synovium and bone get affected.7The six 
“short external rotators” of the hip are the piriformis, obtura-
tor internus, gemellus superior, gemellus inferior, quadrates 
femoris, and obturator externus. Piriformis tightness results 
in external rotation of  hip.8

Deformities of the hip, knee, and/or ankle all play a role in 
determining overall lower extremity alignment. As alignment 
shifts either toward varus or valgus at the knee, the hindfoot 
may compensate to restore neutral hip-knee-ankle coronal 
plane alignment.9 It is not fully understood how the foot and 
ankle compensate for a given varus or valgus deformity of the 
knee.10 So the objective of the study is to find out the associa-
tion of biomechanical factors at the hip(internal rotation range, 
piriformis tightness) and ankle(hindfoot alignment and angle)  
to the genu varum and grades of knee osteoarthritis.

AIM AND OBJECTIVES

Aim of the study:
To examine the association between knee osteoarthritis and 
hindfoot angle, medial tibiofemoral angle, piriformis tight-
ness and hip internal rotation 

Objectives:
•	 To find out the association between hip internal rota-

tion, hindfoot angle & piriformis tightness with genu 
varum in subjects with knee osteoarthritis

•	 To find out the association between piriformis tight-
ness and OA grade, the relationship between genu var-
um and hindfoot angle, between genu varum and hip 
internal rotation, genu varum and piriformis tightness.

METHODOLOGY

Type of study: Quantitative study

Research design: Non-experimental relational study

Research setting: The study was conducted at the depart-
ment of physiotherapy, SVNIRTAR, Olatpur, Cuttack.

Sample: A total sample consisted of 89 subjects ( 31 males 
and  58 females) age range (45– 70) years with Osteoarthritis

Inclusion criteria: A diagnosis of  Primary osteoarthritis ac-
cording to ACR criteria.Age between 45 and 70 years.

Exclusion criteria: Secondary osteoarthritis, Surgical con-
ditions, Inflammatory arthritis, Congenital deformity

Institutional ethical clearance

Instruments
Universal Goniometer: According to a study, a universal 
goniometer is moderate to excellent reliable to measure the 
joint range of motion.11Aluminium wire was used to measure 
the angle to quantify piriformis tightness.

Procedure: 132 knees (89 subjects) of both males 
and females (31 males and  58 females) were se-
lected for study based on American college of rheu-
matology criteria to diagnose Knee Osteoarthritis.                                                                                                                           
Medial tibiofemoral angle: In standing position subject’s 
anterior superior iliac spine(ASIS), the centre of patella 
and midpoint between two malleoli are marked, goniometer 
fulcrum placed on the centre of the patella, one arm placed 
towards ASIS and another arm placed towards midpoint be-
tween two malleoli and angle is noted.12

Hip internal rotation: Hip internal rotation was measured sub-
ject in the prone position with both knee flexed to 90°, hip in 
0° abduction and adduction and flexion. Centre the fulcrum 
over the anterior aspect of the patella. Both arms of the instru-
ment are together vertically. At the end of the hip, the internal 
rotation mobile arm move using the crest of the tibia and a 
point midway between the two malleoli for reference.13

Hindfoot angle: The first subject was brought into the meas-
urement area by an assistant and stepped onto the measure-
ment area. The subject was then instructed to march in place 
approximately 10 steps to assume a comfortable, natural po-
sition while aligning the heels with the posterior edge of the 
area. The midpoint between medial and lateral malleoli was 
determined. Goniometer fulcrum was placed on that mark. 
Hindfoot angle was measured as the angle between the bi-
sectors of the calf and the calcaneus using a goniometer.14

Piriformis test: Subject in crook lying. Affected limb crossed 
over other limb and hip flexed to 60° and knee in flexion. 
Then it is adducted in an externally rotated position while 
the therapist keeping sound limbs in adduction to avoid pel-
vic rotation by the therapist’s knee. If there is pain over the 
piriformis muscle at the end of the range suggestive of piri-
formis test positive.15 Angle to quantify piriformis tightness:  
As mentioned above in the same position of piriformis test 
subject positioned close to the wall where greater trochanter 
of affected limb touching the mark drew on the wall. A 60° 
line was already marked on the wall for hip joint keeping ac-
curately, Hip is flexed to 60° by following the line drew on 
the wall, hip is adducted in external rotation. The angle be-
tween wall and thigh measured using aluminium wire which 
will be in “V” shape. It was measured by a protractor and 
noted.
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KneeOA grade: Kellegren Lawrence scale is used to grade 
OA knee from X-RAY.16

•	 Grade 1: doubtful narrowing of joint space and pos-
sible osteophytic lipping.16

•	 Grade 2: definite osteophytes, definite narrowing of 
joint space.16

•	 Grade 3: moderate multiple osteophytes, definite nar-
rowing of joints space, some sclerosis and possible 
deformity of bone contour.16

•	 Grade 4: large osteophytes, marked narrowing of 
joint space, severe sclerosis and definite deformity of 
bone contour.16

DATA ANALYSIS

Statistical analysis was performed using SPSS version 23.0. 
Multiple regressions with entering model were done with 
medial tibiofemoral angle as the dependent variable and hip 
internal rotation, hindfoot angle, angle to quantify piriformis 
tightness as independent variables Pearson correlation was 
done for medial tibiofemoral angle and hindfoot angle. A 
good and significant correlation leads to linear regression 
analysis. Chi-square tests were done between piriformis 
tightness and OA GRADE. Symmetric measures Phi coef-
ficient and Cramer’s V were also calculated. All variables 
were analyzed using a 0.05 level of significance.

RESULTS

Multiple regressions
As a table, I show multiple regressions with entering model 
was done with medial tibiofemoral angle as the dependent 
variable hip internal rotation, hindfoot angle, angle to quan-
tify piriformis tightness as independent variables. R=0.708,   
R2= 0.501 and p=0.000 .As R2 is 0.501 approximately half of 
the variation of dependent (medial tibiofemoral angle) can 
be explained by the independent variables (hip internal rota-
tion, hindfoot angle, angle to quantify piriformis tightness). 
It may be because only hindfoot angle shows a significant 
relationship with medial tibiofemoral angle (p=0.000); hip 
internal rotation (p=0.113) and angle to quantify piriformis 
tightness (p=0.088) doesn’t show a significant relationship 
with medial tibiofemoral angle.

Relationship between hindfoot angle and me-
dial tibiofemoral angle
Pearson correlation was done for medial tibiofemoral angle 
and hindfoot angle. A good (R=0.655) and significant cor-
relation (p=0.000) lead to linear regression analysis between 
medial tibiofemoral angle and hind foot angle. Pearson cor-
relation between hindfoot angle and medial tibiofemoral an-
gle was R=0.655, R2 =0.429, P=0.001, beta= -0.822(Table 

II). Linear regression with medial tibiofemoral angle as de-
pendent variable and hindfoot angle as independent variable 
shows that when there is a 1° change in the hindfoot angle 
there are -0.822 changes in medial tibiofemoral angle.

Relationship between and piriformis tightness 
and osteoarthritis of the knee
Table III shows Chi-square tests were done to find an asso-
ciation between piriformis tightness and OA Grades. Pearson 
chi-square (p=0.000), likelihood ratio (p=0.000) and Fisher’s 
exact test (p=0.000) show that there is a significant associa-
tion between piriformis tightness and OA grade. Symmetric 
measures were calculated to find the strength of association. 
Phi coefficient was 0.595 and Cramer’s V was 0.343 which 
shows the association is strong (Table IV).

DISCUSSION

The overall results of this study with multiple regressions 
with entering model showed that as r2 is 0.501 approximately 
half of the variation of dependent variable medial tibiofemo-
ral angle can be explained by the independent variables an-
gle to quantify piriformis tightness, hindfoot angle, hip in-
ternal rotation.

Medial tibiofemoral angle and hindfoot angle
In the present study, the Pearson correlation between hind-
foot angle and medial tibiofemoral angle was R=0.655, R, 
p=0.000. Linear regression with medial tibiofemoral angle 
as dependent variable and hindfoot angle as independent 
variable shows that when there is a 1° change in the hindfoot 
angle there is a -0.822 change in medial tibiofemoral angle. 
It means that when there is a 1° increase in the hindfoot angle 
(varus) there will be a 0.822° decrease in the medial tibi-
ofemoral angle (varus), which may result in genu varum.

According to Otis A-C, the motion of the hindfoot is coupled 
to the motion of the leg and the forefoot. Hindfoot varus is 
a component of supination hence supination of the subtalar 
joint with the foot on the ground produces lateral rotation of 
the tibia with inversion of the calcaneus, cuboid, and navicu-
lar. Lateral rotation of the tibia causes lateral rotation of the 
femur which eventually results in the shift of the mechanical 
axis medially which results in a decrease in the medial tibi-
ofemoral angle. Inadequate or excessive pronation or supina-
tion may contribute to complaints of the knee, hip, and even 
back pathologies by interfacing with the coupling between 
the foot and rest of the lower extremity during weight-bear-
ing.17

The study carried out by Chang C. B., Jeong, J. H., Chang, 
M. J., Yoon, C., Song, M. K., & Kang, S. B.hypothesized that 
most patients who undergo TKA have varus malalignment of 
the lower limb, which, theoretically, may exert a force that 
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tilts the ankle joint line into varus. The ankle joint and/or 
hindfoot, therefore, have to compensate for the varus mala-
lignment of the lower limb to obtain a plantigrade foot.18

Piriformis tightness and OA
In this study Pearson chi-square (p=0.000), likelihood ratio 
(p=0.000) and Fisher’s exact test(p=0.000) show that there 
is a significant association between angle to quantify piri-
formis tightness and OA grade. In the symmetric measures, 
the phi coefficient was 0.595 and Cramer’s V was 0.343 
which shows the association is strong. It means that while pi-
riformis tightness increases the severity of OA may increase.

It may be because according to Norman, T. L., Hutchison, 
J. D., & Gardner, M. R external rotation of the hip and knee 
compared to the direction of gait is a form of malalignment. 
External rotation may be caused by piriformis tightness.  The 
centre of the knee joint, corresponding to the tibial fossa, is 
displaced laterally when the hip is in external rotation.19 In 
external rotation, the knee displaces from the midline at the 
stance phase. According to  Kapandji varus or valgus devia-
tions of the knee are harmful as they cause osteoarthritis with 
time, in effect, the mechanical loads are not evenly spread 
over the lateral and medial two compartments of the knee 
joint, leading to premature erosion of their respective articu-
lar surfaces and culminating in medial femorotibial osteoar-
thritis in the presence of genu varum or lateral femorotibial 
osteoarthritis in the presence of genu valgum.6

CONCLUSION

Medial compartment osteoarthritis of the knee joint is char-
acterised by genu varum. It is often associated with hindfoot 
varus. Both genu varum and hindfoot varus can biomechani-
cally be linked with the tightness of the piriformis muscle. 
Stretching of the piriformis may be included in the manage-
ment of osteoarthritis of the knee joint.

LIMITATION

To quantify piriformis tightness an innovative method with 
aluminium wire was used. Inter and interrater reliability of 
the measurement tool was not done.
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Table I: Multiple Regression of Variables
Variables Entered/Removeda

Model Variables Entered Variables Removed Method

1 Hip IR, Hindfoot Angle, Angle to Quantify PS 
Tightnessb

. Enter

a. Dependent Variable: MTF ANGLE

b. All requested variables entered.

TABLE II 

TABLE III
ANOVAa

Model Sum of Squares df Mean Square F Sig.

1 Regression 1945.481 3 648.494 42.820 .000b

Residual 1938.519 128 15.145

Total 3884.000 131

a. Dependent Variable: MTF ANGLE

b. Predictors: (Constant), HIP IR, HINDFOOT ANGLE, ANGLE TO QUANTIFY PS TIGHTNESS

TABLE IV 

Table V: Linear Regression of  MTF Angle and Hindfoot Angle
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TABLE VI
ANOVAa

Model Sum of Squares df Mean Square F Sig.

1 Regression 1666.627 1 1666.627 97.711 .000b

Residual 2217.373 130 17.057

Total 3884.000 131

a. Dependent Variable: MTF ANGLE

b. Predictors: (Constant), HINDFOOT ANGLE


