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Abstract-  
Objective- To test the hypotheses that patients with knee OA will have an altered proprioception in ankle.  
Methods- This study compared the ankle proprioception levels of a group of 35 clinically and radiographically diagnosed cases of unilateral 
knee OA by the orthopaedic department of MGM Medical College, Navi Mumbai to a control group of 35 normal subjects. The data was 
analyzed by an unpaired ‘t’ test. 
Results- Since tcal > ttab and P value is < 0.01 we reject H0 and accept Ha i.e. there is significant difference in ankle proprioception in OA 
knee cases compared to normal’s.  
Conclusion- There is significant difference in ankle proprioception in OA knee cases compared to normals. These results confirm the strong 
association between reduced proprioception in ankle in cases of osteoarthritis of knees.  
Keywords- ankle proprioception, patients with knee OA, unpaired ‘t’ test 
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Introduction 
Osteoarthritis (OA) was estimated to be the 10th leading cause of 
non-fatal burden in the world in 1990, accounting for 2.8% of total 
Years Lived with Disability (YLD), around the same percentage as 
schizophrenia and congenital anomalies [1]. In the Version 2 esti-
mates for the Global Burden of Disease 2000 study, published in 
the World Health Report 2002(5), OA is the 4th leading cause of 
YLDs at global level, accounting for 3.0% of total global YLDs [2]. 
The prevalence of arthritis is expected to increase by 57% by 
2020, and even more concerning than the actual prevalence of 
the disease is the high percentage of those patients (66%) that 
will incur associated activity limitations [3]. 
Osteoarthritis (OA) is a generally progressive condition that in-
volves both anabolic and catabolic mechanisms within the articu-
lar cartilage and bone of synovial joints in response to both inter-
nal and external factors [4]. Among these factors are age [5,6], 
genetics [7], joint/ limb alignment [8-12], joint injury [13], female 
gender14 and obesity [15,16]. 

Clinically, OA of the knee is characterized predominantly by pain 
and limitations in the ability to perform activities of daily living, 
such as stair climbing, walking, and household chores [17]. These 
limitations are partly due to joint stiffness, decrease of muscle 
strength, and proprioception deficits [18-23].  
Proprioception, the perception of limb position in space, is derived 
from afferent signals originating primarily from musculotendinous 
and joint receptors. Proprioception is critical to the maintenance of 
joint stability. Studies have demonstrated that knee propriocep-
tion is less accurate in patients with knee osteoarthritis versus 
elderly control subjects, in healthy older versus younger subjects, 
and in the setting of other conditions affecting the knee including 
anterior cruciate ligament deficiency and hypermobility syndrome 
[24,25]. 
Knee OA appear to present with mechanical stability changes at 
the ankle-subtalar joint complex [26]. As knee OA continues to 
progress, the alignment of the lower extremity also continues to 
change because of the abnormal contact pressures that develop 
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within the medial and lateral compartments of the tibiofemoral 
articulation [27]. As the severity of knee OA progresses, changes 
in the alignment of the lower extremity do occur (increased knee 
valgus/varus), including deviation to the ankle joint complex 
(altered axis of rotation) [27]. With recent evidence demonstrating 
that altered kinematics at the knee joint lead to premature devel-
opment of ankle OA secondary to the progression of knee OA, the 
question arises whether ankle joint kinematics are also influenced 
[27]. 
Degenerative changes in the knee joint are also thought to in-
crease postural sway [28]. According to most previous clinical 
studies, patients with knee OA have impaired postural control [29-
33] but there is no significant difference in postural stability found 
between those patients suffering from hip OA and their healthy 
controls [34]. Studies demonstrated an association between in-
creased postural sway and reduced quadriceps strength but no 
clear association with reduced proprioception in patients with knee 
osteoarthritis [31]. 
Previous studies have established that deviations in the normal 
knee biomechanical axes as a result of lower extremity malalign-
ment that accompanies moderate to severe knee OA cases could 
very well affect the mechanics of the ankle joint [26]. The same 
can be suspected in the case of ankle proprioception in knee OA 
events since there are reports of increased postural sway and 
impaired postural control. In view of the wide spread prevalence of 
OA knee such studies are necessary to determine whether treat-
ment, especially physical therapy treatments of patients with knee 
OA should also focus on the ankle to help improve long-term func-
tion as well as prevent the development of ankle OA. Therefore, 
the purpose of this study is to examine altered ankle propriocep-
tion in patients with knee OA. We hypothesize that patients with 
knee OA will have an altered proprioception in ankle.  
 
Methods 
This study compared the ankle proprioception levels of a group of 
35 clinically and radio-graphically diagnosed cases of unilateral 
knee OA by the orthopedic department of MGM Medical College, 
Navi Mumbai to a control group of 35 normal subjects. Informed 
consent obtained from the subjects to carry out the study. Exclu-
sion criteria were polyarthritis, the presence of rheumatoid arthritis 
or other systemic inflammatory arthropathies, knee surgery within 
the last 12 months or a history of knee arthroplastic surgery, intra-
articular corticosteroid injections into either knee within the previ-
ous 3 months, patients with a history of knee/ankle ligament defi-
ciency, obesity and congenital/acquired deformities of ankle. 
 
Procedure 
The subjects were seated on the high sitting position on a high 
plinth with their feet hanging and with the knee flexed to 90 de-
grees position. The foot in neutral and 0 degrees of inversion and 
eversion. The fulcrum of the goniometer positioned over the lateral 
aspect of the lateral malleolus, proximal arm aligned with the lat-
eral midline of the fibula using head of the fibula as the reference 
point and the distal arm aligned parallel to the lateral aspect of the 
fifth metatarsal. The subjects were blind folded. The tester should 
move ankle into the passive dorsiflexion and plantar flexion ten 
times and place in the particular position of 15 degrees of plantar 
flexion. This was considered to be a target angle (angle 1). This 

position is maintained for fifteen seconds and asks the subject to 
remember this measure of angle. Then the patient was asked to 
move ankle ten times actively and position the ankle to the previ-
ous target angle. Measure this new angle using the same goniom-
eter (angle 2). The difference between initial and final angle noted 
and taken for analysis. 
 
Statistical Analysis 
The difference between angle 1 and angle 2 were considered as 
proprioceptive error. The data was analyzed by an unpaired ‘t’ test 
the result of which is given in table 1. 
 

Table 1- t-Test: Two-Sample Assuming Unequal Variances 

Results 
Since tcal > ttab and P value is < 0.01 we reject H0 and accept Ha 
i.e. there is significant difference in ankle proprioception in OA 
knee cases compared to normal one.  
 
Discussion 
The purpose of this study was to examine altered ankle proprio-
ception in patients with knee OA. We hypothesized that patients 
with knee OA will have an altered proprioception in ankle. Our 
results show that there is significant difference in ankle proprio-
ception in OA knee cases compared to normal one (P value is < 
0.01). To our knowledge, this is the first study to evaluate the al-
terations in ankle proprioception in OA knee cases.  
Studies establish that there is altered ankle joint mechanics and 
deviations in ankle joint alignment secondary to the structural 
changes at the knee following OA knee [35]. People with knee OA 
modify their walking patterns at some point after disease onset 
and potentially increase the amounts of compensation, most nota-
bly in the later stages of the disease [36]. Hassan B S et al con-
cluded that compared with age and sex matched controls, sub-
jects with symptomatic knee OA have quadriceps weakness, re-
duced knee proprioception, and increased postural sway [37]. 
Quadriceps strength and proprioception are clearly important for 
balance control. Loss of balance as suggested by various authors 
are pain [38], reduced loading due to pain [39], knee flexion con-
tractures [40] apart from altered joint mechanics and muscle 
weakness. Daina L. Sturnieks, Anne Tiedemann et al concluded in 
their study that arthritic group had reduced knee and ankle 
strength compared to the non arthritic group. Strength deficits in 
people with lower extremity arthritis have been suggested to be 
due to disease-associated pain, joint effusion, articular damage, 
and secondary muscle atrophy [41].  
People with medial compartment knee OA exhibit a more pronated 
foot type compared to controls [42]. The authors went on to sug-
gest that people with medial compartment knee OA often display 
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 OA Knee Normal 

Mean 10.57142857 4.2 
Variance 22.25210084 11.63529412 
Observations 35 35 
Hypothesized Mean Difference 0  
df 62  
t Stat 6.475178554  

P(T ≤ t) one-tail 8.6296E-09  

t Critical one-tail 1.669804163  
P(T ≤ t) two-tail 1.72592E-08  
t Critical two-tail 1.998971498  
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genu varum malalignment of the knee, which has been shown to 
increase the risk of development and progression of knee OA. 
Genu varum malalignment of the knee may lead to compensatory 
foot pronation to enable the foot to be plantigrade when 
weightbearing. Their observations suggest the changes occurring 
in ankle joint associated to OA knee. 
In a recent study, a simulated genu varum walking pattern was 
found to increase the subtalar joint pronation moment, suggesting 
that frontal plane angular deformities of the knee can alter the 
kinetic and kinematics of the foot during gait [43]. Increased foot 
pronation could potentially reduce the adduction moment by shift-
ing the centre of pressure laterally, so it is possible that the foot 
adapts to reduce the load on the medial compartment and can be 
subjected to ankle injuries secondary to OA knee. 
Alterations in sensorimotor function and neuromuscular control of 
proximal lower extremity joints are consistently observed in pa-
tients with chronic ankle instability (CAI). These proximal changes 
have manifested themselves as deficits in force produc-
tion, kinematic pattern changes, and deficits in muscle activation 
patterns about the knee and hip during a variety of tasks and test-
ing techniques [44]. The above said changes can be observed in 
OA knee cases also. 
It is now understood that there is an association exist in altered 
ankle proprioception in OA knee cases. Further studies need to 
conduct on wider platform with better tools available to establish 
this hypothesis and the exact reason for the same. 
It is acknowledged that this study has certain limitations. This 
study was conducted on unilateral OA knee cases due mainly to 
the availability of cases during the study. There were no diagnos-
tic tools used like Kellgren-Lawrence classification grades, WOM-
AC Osteoarthritis Index etc during this study. Further studies can 
be conducted using tools like these for a better and accurate com-
parison in the proprioceptive error in groups.  
In summary, we found that there is significant difference in ankle 
proprioception in OA knee cases compared to normals. These 
results confirm the strong association between reduced proprio-
ception in ankle and osteoarthritis of knees. 
 
Conclusions 
The result of this study shows that there is role of altered ankle 
proprioception in loss of balance in OA knee cases. Therefore, we 
emphasize proprioception and strength training programs to be 
included for ankle also in the rehabilitation program for OA knee. 
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