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Abstract 
Objective:   

The aim of this study was to assess the effectiveness of proprioceptive and therapeutic 

exercises on pain among patients with knee osteoarthritis.  

Material and Methods:  

In this study, fifty-four patients having knee osteoarthritis were arbitrarily assigned into 

two groups: Group-A with 27 patients and Group-B with 27 patients. Both groups were 

given local heat for 20 minutes. Group A received proprioceptive exercises while Group 

B was treated with therapeutic exercises. Each patient was treated four times a week for a 

period of 4 weeks. Pre-treatment, 2nd week and 4th week intensity of pain, stiffness and 

physical difficulties were evaluated by using Western Ontario McMaster Universities 

Osteoarthritis Index (WOMAC) questionnaire.  

Results:  
After the fourth week of exercises, both Groups A and B's mean values on WOMAC scores 

significantly decreased (P<0.001). However, it was found that the Group A having 

proprioceptive exercises performed better than Group B with therapeutic exercises. 

Conclusion: 

The special effects of proprioceptive exercises on the pain are more effective than 

therapeutic exercises among the patients of knee osteoarthritis. Further studies are needed 

to explore the better strategies to manage knee osteoarthritis with the help of 

proprioceptive exercises. 
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INTRODUCTION 
In older people around the world, OA is the most common musculoskeletal cause of 

disability, a leading contributor to physical limits and a low quality of life (Ojoawo et al., 

2016). In medical terminology, arthritis refers to joint inflammation. Arthritis is a 

prevalent condition. More than 100 rheumatic diseases, syndromes, and illnesses that 

affect the tissues around the joints and other connective tissues are denoted to as arthritis 

in community health fields (Lespasio et al., 2017). It is believed that number of people 

affected with osteoarthritis disability would be doubled by the year 2020 (Mobasheri and 

Levesque, 2019). Mostly the  adults aged 65 or older are most likely influenced by Knee 

OA, with a prevalence in the US is 33.6% (12.4 million) (Lespasio et al., 2017). 

Osteoarthritis affects the hands, feet, hips, knees, and other joints significantly, although 

knee OA accounts for 83% of the total burden of OA (Spitaels et al., 2020). The most 

prevalent type of arthritis associated with functional limitations in middle-aged and older 

persons is knee OA (Roos and Arden, 2016). Patients with degenerative knee OA clinically 

report pain, decreased muscular strength, joint instability, joint stiffness, and 

proprioceptive impairments, all of which leads to a decline or loss of function (Alnahdi et 

al., 2012; Magee et al., 2015). The following radiographic findings (Kellgren and 

Lawrence, 1957) were regarded as osteoarthritis evidence: 1. the growth of osteophytes on 

the tibial spines of knee joints or along the margins of knees; 2. ossicles that were mostly 

found close to the proximal and distal interphalangeal joints, or periarticular ossicles; 3. 

subchondral bone sclerosis, which results in the constriction of joint cartilage; 4. miniature 

pseudo cystic parts with sclerotic walls in subchondral bone.  

The risk factors associated with the progression of knee OA may be classified into non-

modifiable and modifiable. Inheritance (genetic mutations that may influence a person to 

the development of OA of the knee) and congenital risk factors (inherited anomalies in the 
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shape of the bone that adjoin the knee joint) are non-modifiable risk factors that include 

advanced age, ethnicity, female gender, and inheritance. Treatment strategies can be aimed 

towards modifiable risk factors. Occupation, obesity, knee injuries, and weak muscles are 

all modifiable factors that affect loading. Overweight is the most prevalent modifiable risk 

factor (Jebakani et al., 2021). 

The patients with knee OA are advised to use a combination of pharmaceutical and non-

pharmacological treatments, along with surgery when necessary (Hochberg et al., 2012). 

To repair the injured joints, non-medical therapies such as therapeutic exercise, lifestyle 

modifications, walking activity, and weight loss are suggested (Jeong et al., 2019). 

Exercise improves function and relieves pain in patients with OA of the knee, but the ideal 

exercise protocol has not been determined (Gaught and Carneiro, 2013). Active and 

passive ROMS exercises are thought to be a significant part of rehabilitation plans for 

patients with osteoarthritis (Jansen et al., 2011). The majority of non-operative 

rehabilitation treatments for knee osteoarthritis (OA) focus on strengthening, which is 

challenging when there is any ROM loss. 

Patients with knee osteoarthritis have reduced proprioception, according to Barret and his 

colleagues (Barrett et al., 1991). Recent investigations suggested that decreased knee 

proprioception and morbid variations during the early stages of knee OA may be related 

(Lund et al., 2008; Bennell et al., 2004; Hurley and Scott, 1998). Smith and his companions 

(Smith et al., 2012) and Knoop and his companions noted that factors that produce reduced 

proprioception in patients with knee OA include impairment of the articular 

mechanoreceptor, muscular weakness with muscle-spindle sensitivity, tenderness, and 

knee traumas, such as anterior cruciate ligament or meniscal injury. Moreover, patients 

with knee OA may experience discomfort or incapacity due to proprioceptive deficits 

(Viswas et al., 2021). Proprioceptive training should be a component of rehabilitation 

programs for people with knee OA because it effectively helped them manage their pain 

and do everyday tasks (Jeong et al., 2019). 

This study will help to determine better strategies to manage knee osteoarthritis with the 

help of proprioceptive exercises. Proprioceptive training may enhance physical function 

by reducing the symptoms of knee OA, which prevents people from engaging in physical 

activity due to pain and stiffness. Neuromuscular coordination for sensorimotor learning 

is enhanced by proprioceptive training. But unfortunately, less evidence found on the 

clinical application of proprioceptive exercises in managing of knee osteoarthritis so this 

study will help the other physiotherapists to add up these exercises in rehabilitation 

programs. 

 

MATERIALS & METHODS 
This randomized control trial in which 54-knee osteoarthritic male and female aged 45-60 

years were recruited for this study. The study was conducted in DHQ hospital of Mandi 

Baha-Ud Din and City Hospital of Jalal Pur Jattan, Pakistan. This study’s method 

comprised of proprioceptive exercises and therapeutic exercises. After getting permission 

from hospital, I started taking demographic data.  

A signed approval was obtained from individuals, and they were conversant about the 

whole study procedure and the purposes of the study. Data were collected from those who 

met the inclusion and exclusion criteria.  
Inclusion criteria: Adult patients with KOA 

Exclusion criteria: The Patients who gave the history of knee joint trauma or surgery, The 

patients with any other muscular, joint, or neurological disease.  

Patients were divided into two groups, group A and group B. Both groups were given local 

heat for 20 minutes (Mohamed and Mohamed, 2019). Group A received proprioceptive 

exercises whereas the other group, Group B was treated with therapeutic exercises. For a 

period of four weeks, each patient received four treatments per week. The Western Ontario 

McMaster Universities Osteoarthritis Index (WOMAC) questionnaire was used to 

measure pain severity before therapy, during the second and fourth weeks after treatment, 

joint stiffness, and physical problems. More specifically Proprioceptive exercises (Ojoawo 

et al., 2016) included one leg balance and blind advanced one leg balance through 

following steps: 

1. One leg balance: every patient did stand on the affected leg with upright posture with 

hip and knee flexion on the other leg and ankle joint were off from the surface. This 

position were held for 1 minute (two repetitions) after that rest for 10 to 20 seconds. The 

procedure was reiterated two times for the unaffected leg after 2–3 minutes rest. 

2. Blind advanced one leg balance: This exercise was the same as the one leg stance apart 

from the patient was commanded to entirely close his/her eyes during the exercise. Two 

repetitions of this exercise were given for both affected and unaffected leg.  
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Therapeutic exercises (Nazari et al., 2019) for the Group B included the following 

exercises: Straight legs raise (SLR), pillow squeeze, heel raise, and quadriceps setting. The 

exercises were completed in three sets of 5 repetitions with a 3-min rest among them. 

Data were entered and analyzed through a statistical software, Statistical Package for 

Social Sciences (SPSS) version 24, IBM Corp. Released 2016. To calculate the normality 

of data Shapiro Wilk test was applied.  For descriptive analysis, mean and standard 

deviation were calculated for quantitative variables whereas frequency and percentages 

were used for qualitative variables. For the inferential statistics to find significance an 

appropriate statistical test was applied. All results were calculated at 95% confidence 

interval and p-value ≤ 0.05 was measured as a significant value. 

 

RESULTS  
The mean age was ± 53.98 and std. deviation was 4.305 as shown in the figure 1. 

 
Figure 1. Mean age of the patients with knee osteoarthritis 

 

Table 1. Descriptive analysis of participants 

Variables 

Interventional Groups 

Proprioceptive 

Exercises 

Therapeutic 

Exercises 

Mean ± Std. 

Deviation 

Mean ± Std. 

Deviation 

Age (years) 53.14± 4.79 54.69±3.79 

Pain 

Baseline 14.27 ± 3.09 15.46 ± 2.40 

2nd -week 10.68 ± 2.03 12.58 ± 1.84 

4th -week 7.77 ± 2.49 9.96 ± 2.34 

 

Table 1 demonstrated the means and standard deviation of all the descriptive variables of 

both groups. The average value of mean ± std. deviation for age in proprioceptive and 

therapeutic exercises group were 53.14± 4.79 and 54.69±3.79, respectively. In 

proprioceptive group, Pain value at baseline to 2nd and after 4th week were 14.27 ± 3.09, 

10.68 ± 2.03 and 7.77 ± 2.49, while in therapeutic exercises, its values were 15.46 ± 2.40, 

12.58 ± 1.84 and 9.96 ± 2.34. 
 

Table 2. Multivariate test for proprioceptive and therapeutic exercises 

Effects (Wilks' Lambda) Value F-value 
Hypothesis 

df 

Error 

df 

P-

value 

Partial 

Eta 

Squared 

Between 

Subjects 

Intercept 0.021 695.218 3.000 44.00 <0.001 0.979 

Interventions 0.793 3.838 3.000 44.00 0.016 0.207 

Within 

Subjects 

Time 0.066 96.642 6.000 41.00 <0.001 0.934 
Time* 

Interventions 
0.691 3.052 6.000 41.00 0.015 0.309 

 

Table 2 demonstrated that between subject intercept value for Wilks’ꓥ = 0.021, P-value= 

<0.001, F-test value (3,44) = 695.218 and partial ɳ2 = 0.98 showing that that it’s results 

were remarkably significant with 98% effect size, whereas, there is a significant difference 
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between proprioceptive and therapeutic exercises with P-value= 0.016 (p <0.05), Wilks’ꓥ 

= 0793, F-test value (3,44) =3.84 and partial ɳ2 = 0.21 which mean there was 21 % effect 

size between subjects. Moreover, there is remarkably significant difference (P-value < 

0.001) within subjects with respect to time and both time*interventions. With respect to 

time periods, Wilks’ꓥ =0.066, F-value (6, 41) = 96.64 and partial ɳ2 =0.93 which means 

there was 93% effect size. With respect to time*interventions, Wilks’ꓥ = 0.69, F-value 

(6,41) = 3.052 and partial ɳ2 = 0.309, which means their effect size was 31% in this case. 

 

Table 3. Between-subject effects of proprioceptive and therapeutic exercises in the 

patients with knee osteoarthritis in response to outcome measures. 

Source df, error 

df 

F-value P-value Partial Eta 

Squared 

Intercept 1, 46 1573.793 <0.001* 0.972 

Interventions 1, 46 8.747 0.005* 0.160 

 

Table 3 showed the between subject effects of proprioceptive and therapeutic exercises in 

the patients with knee osteoarthritis in response to outcome measures. In this case, 

intercept showed that between subject effects of interventions to the pain were remarkably 

significant (p < 0.001) for observing the condition of knee osteoarthritis. For pain the effect 

size is 97% with F-value (1,46) =1573.79. While, in case of interventions, pain was also 

considered significant (P= 0.005) with 16.0% effect size with F-value (1, 46) = 8.747. 

 

Table 4. Pairwise comparison of Interventional groups for outcome measures. 

Measures Interventions Mean 

Difference 

(I-J) 

P-

value 

95% CI for 

Difference 

I J   LL-UL 

Pain 

  

Therapeutic 

Exercises 

Proprioceptive 

Exercises 
1.758 0.005 0.56- 2.95 

 

Table 4 shows the pairwise comparison of outcome measures with both Proprioceptive 

and therapeutic groups. In case of pain, the comparison between both groups had mean 

difference of 1.76, lower to upper bound values for confidence interval were 0.56 to 

2.95and p-value = 0.005 showing significant effects during comparison of both 

Proprioceptive to therapeutic groups. 

 

Table 5. Multivariate tests of Within-subject effects based on average variables 

Within 

Subjects 

Effect (Wilks' 

Lambda) 

Value F Hypot

hesis df 

Error df P-

value 

Partial 

Eta 

Squared 

Time 0.109 61.021 6.000 180.000 
<0.001

* 
0.67 

Time* 

Intervention 
0.758 4.452 6.000 180.000 

<0.001

* 
0.129 

 

Table 5 demonstrates the within-subject effects according to time and time*intervention 

by using Wilk’s Lambda test. The within-group effect of all outcome measures with 

respect to different time interval in the patients of knee osteoarthritis was remarkably 

significant (p-value <0.001), Wilk’s Lambda = 0.11, F-test value (6,180) = 61.02 and 

partial ɳ2 =0.67 showing 67% effect size. While, for time*intervention showed that both 

proprioceptive and therapeutic exercises with respect to time intervals had remarkable 

significance (p-value< 0.001), Wilk’s Lambda = 0.758, F-test value (6,180) = 4.45 and 

partial ɳ2 =0.13, having 13% effect size among each other in the patients of knee 

osteoarthritis. 

Table 6 illustrates the pairwise comparison of outcome measures with different time 

periods. P-values of all three comparing time intervals were remarkably significant (p < 

0.001) with respect to all outcomes, which means that pain showed positive effects with 

the passage of time in the patients with knee osteoarthritis. For pain, the mean difference 

between baseline and 2nd week was 3.24 with lower and upper bound values 2.51 to 3.97, 

from 2nd to 4th week the mean difference was 2.76 which showed fast improvements during 

this duration while, from baseline to 4th week the overall mean difference is 6.00 with 
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lower and upper bound values ranging from 5.06 to 6.94 showing reduction of knee 

osteoarthritis symptoms with passage of time. 

 

Table 6. Pairwise comparison of time periods 

Measure Time interval 
Mean 

Difference 

(I-J) 

P-Value 

LL-UL 

95% Confidence 

Interval for 

Difference 

 I J LL-UL 

Pain Baseline 2nd  week 3.238 <0.001* 2.51-3.97 

4th  week 6.000 <0.001* 5.06-6.94 

2nd  week 4th week 2.762 <0.001* 2.23-3.30 

 

Table 7. Independent t-test, repeated measure analysis of variance for proprioceptive 

and therapeutic exercises for the patients with knee osteoarthritis 

Measures 

Time Interventional protocol 95% CI P-Valueᵠ 

Proprioceptive 

Exercises 

Therapeutic 

Exercises 

Mean ± Std. 

Deviation 

Mean ± Std. 

Deviation 

LL-UL 

 

Pain 

Baseline 14.27 ± 3.09 15.46 ± 2.40 -2.83-

0.45 
0.15 

2nd –week 10.68 ± 2.03 12.58 ± 1.84 -3.03-(-

0.76) 
0.002 

4th –week 7.77 ± 2.49 9.96 ± 2.34 -3.60-(-

0.78) 
0.003 

ᵠ = between groups 

 

Table showed the means, std. deviations, 95% confidence interval and p-value of between 

groups for pain at different time period for proprioceptive and therapeutic exercises. mean 

and std. deviation values at baseline to 2nd  and 4th week for proprioceptive exercises were 

14.27 ± 3.09, 10.68 ± 2.03  and 7.77 ± 2.49. for therapeutic exercises, mean and std. 

deviation were 15.46 ± 2.40, 12.58 ± 1.84 and 9.96 ± 2.34.  along with the 95% confidence 

interval  LL-UL [-2.83-0.45],  LL-UL -3.60-(-0.78)] and LL-UL [-3.03-(-0.76)]  which 

showed that there was more prominent decrease in values for mean and confidence level 

in proprioceptive group leading to improvement in patients with knee osteoarthritis with 

time period as compared to therapeutic exercises. Moreover, for pain the between group 

p-value =0.15 was non-significant only at baseline as compared to 2nd and 4th week which 

were significant (<0.05). 

 

 
Figure 2. Estimated Marginal means for pain patients with knee osteoarthritis. 

 
The graph in Figure 2 demonstrated the estimated margin means for pain in patients with 

knee osteoarthritis at baseline, 2nd week and 4th week. At baseline, the estimated margin 

mean for proprioceptive exercises and therapeutic exercises were 14.27 and 15.46. After 

2nd week, proprioceptive exercises (10.68) showed more decrease in marginal mean as 

compared to therapeutic exercises (12.58) in patients with knee osteoarthritis. After 4th 

week, proprioceptive exercises (7.77) showed significant decrease in marginal means and 

Baseline 2nd week 4th week 
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thus decreasing symptoms as compared to therapeutic exercises (9.96) in knee 

osteoarthritis. Thus, proprioceptive exercises showed better results than therapeutic 

exercises in case of marginal means for pain. 

 

DISCUSSION 
Proprioceptive training may enhance physical function by reducing the symptoms of knee 

OA, which prevents people from engaging in physical activity due to pain and stiffness. 

This study was conducted to determine better strategies to manage knee osteoarthritis with 

the help of proprioceptive exercises. Proprioception is lessened in those with osteoarthritis 

of the knee, according to Barret and his colleagues (Barrett et al., 1991). According to 

recent studies, early pathologic alterations in knee OA may be linked with impaired knee 

proprioception (Lund et al., 2008; Bennell et al., 2004; Hurley and Scott, 1998). The 

skeletal muscles, tendons, and fibrous capsules of joints all include proprioceptors that 

provide proprioception. (Tuthill and Azim, 2018)Proprioceptive sensation may deteriorate 

in knee OA patients when the muscles, tendons, ligaments, and joint capsules become 

weaker and eventually die (Jeong et al., 2019).  Therefore, while treating Patients of Knee 

OA, an exercise program that could concentrate on proprioceptive exercise which could 

have an effect in improving joint proprioception should be considered. 

The study's conclusions with the p value < 0.01 suggest that proprioceptive training should 

be incorporated into rehabilitation programs for pain and physical functioning since it 

helped individuals with knee OA lessen their discomfort and carry out everyday tasks that 

required functional movement. Our study also shows that proprioceptive exercises are 

effective in managing pain in the knee osteoarthritis patients (Jeong et al., 2019). 

According to the current study, patients with KOA who received standard treatment with 

a four-week backward walking (BW) program to improve proprioception outperformed 

patients on the waitlist control in terms of pain relief, functional impairment, and 

enhancement in static stability. So that in our study the positive effects are analyzed on 

pain reduction in the result of proprioceptive training in comparison to therapeutic 

exercises (Chen et al., 2021). According to the findings of this study, treating KOA 

patients with conventional physiotherapy alone for 3 months is less beneficial than treating 

them with conventional physiotherapy and proprioceptive activities. In contrast our study 

shows that proprioceptive exercises Are more effective to reduce the pain in patients of 

KOA (Kirthika et al., 2018). 

Proprioceptive training could be performed instead of conventional exercises to help 

patients with KOA have less pain, slower disease progression, to decrease stiffness, 

enhanced joint and muscle health, and improved functional quality through better physical 

functioning. This study highly correlates with the results of our study which also shows 

more significant results to improve pain in patients of KOA with the help of proprioceptive 

exercises (Prabhakar et al., 2020). According to research by G. Panics et al., proprioceptive 

activation exercises directly affect how joints are perceived, how mobile they are, and how 

painful they are. When treating patients with knee OA, regaining proprioception is 

important (Panics et al., 2008). Thus, the study demonstrates that proprioceptive exercises 

are more effective than more time consuming, vigorous and provoking therapeutic 

exercises in the treatment to improve pain symptoms in Patients of KOA. 

Recommendations 

The special effects of proprioceptive exercises can be observed in a good way if the 

patients are not using any medicine for knee OA. Probability sampling ought to be used 

and impenetrable factors should be fixed by using statistical tools in advance studies. In 

future studies, a large sample size should be targeted, a comparative study including a 

group that only performed proprioceptive exercises is needed, and generalization should 

be made through a study to see the long-term aftereffects of proprioceptive exercises on 

patients. Follow up time should be improved at least for 3 months. 

Limitations 

The results of present study have some limitations that should be acknowledged. Firstly, 

the Patients ratio was low at several hospitals. Secondly, this study was not double blinded 

study. Thirdly, the patients were taking medicines that hinder the results of our research 

to find out the effects only through exercises. 

 

CONCLUSION 
The effects of proprioceptive exercises on the pain are more effective than therapeutic 

exercises among the patients of knee osteoarthritis. Further studies are needed to explore 

the better strategies to manage knee osteoarthritis with the help of proprioceptive 

exercises. 
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