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Abstract
Background: Knee osteoarthritis (KOA) is a degenerative disease with over 600 million people 
suffering worldwide. KOA is considered a major burden for the health systems as the annual 
healthcare expenses are to be calculated at over 27$ billion only in the USA.

Purpose: The purpose of the present study was to investigate the acute effects of a stretching 
intervention program in KRoM and knee stiffness in patients with KOA. 

Material and Methods: Twenty female selected patients with diagnosed KOA were recruited 
and randomly assigned into the two groups. The intervention group performed a stretching 
protocol on an isokinetic dynamometer. The intervention consisted of three times of 60sec. All 
the measurements were performed on an isokinetic dynamometer. The main outcomes of the 
present study were the range of motion (KRoM), the maximum torque, and the joint stiffness of 
the knee joint to assess the joint’s functionality. All the parameters were analyzed and compared 
pre and post-the stretching protocol. 

Results: Statistically significant differences were found between the two groups right after the 
stretching intervention in all outcomes, suggesting that the passive stretching stimulus could 
be effective regarding KRoM (F1,18 = 8.352, p < .001) and the joint stiffness (F1,18= 6.384, p = 
.021). 

Conclusion: Passive stretching could provide immediate benefits to KOA female individuals, 
possibly leading to better knee functionality during activities of daily living.

Keywords: Range of motion; Joint stiffness; passive torque; osteoarthritis; activities of daily liv-
ing; knee functionality
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Introduction 

     Global Knee Osteoarthritis (KOA) prevalence is estimated to be 16%, a percentage that increases to 22.9% for people aged 40 years 
old and over, thus around 654 million people suffer from KOA worldwide [1]. KOA is considered a major burden for the health systems 
[2]. In the USA, the annual healthcare costs for KOA patients approximate 27 $ billion [2]. KOA is the most common type of arthritis 
which leads to chronic joint degeneration characterized by joint swelling, pain, decreased range of motion, and progressive loss of 
function [3]. The knee joint seems to be affected more, which results in reduced knee extensors and flexors capability. ΚΟΑ clinical 
features include chronic pain accompanied by muscle weakness and joint instability, rigidity, and increased muscle and joint stiffness 
(kmuscle and kjoint, respectively), associated with reduced quality of life [4, 5].

     The effects of KOA on the activities of daily living (ADLs) have been extensively studied [6, 7, 8]. KOA patients show secondary gait 
changes, such as a slower pace due to progressive reduction of knee range of motion (KRoM) [8]. Sit-to-stand motion is also affected 
in KOA patients, and studies have shown that KOA patients don’t perform efficiently - referring to mechanical energy transfer - the 
specific ADL, causing further joint degeneration [9]. As a result, KOA patients reduce their daily and physical activities to avoid pain, 
adopting compensatory mechanisms which decrease knee extensors and flexors muscle strength, impairing their functionality [10].

     Recent guidelines for the KOA management suggest that an individualized approach should include therapeutic exercise and weight 
control aiming at knee muscle strength and KRoM increase, as well as kmuscle and kjoint reduction [11]. Several kinds of exercises 
have been proposed and studies’ findings have shown their contribution to knee joint functionality and knee pain decrease. Proposed 
exercises include Pilates/Yoga, aerobic, strengthening, and aquatic exercises [12]. Dynamic combined training was found to increase 
muscle strength [13], whilst Yoga training resulted in increased KRoM and functionality [14, 15]. Although different modes of exercise 
seem to decrease the level of pain and improve knee functionality, their effectiveness in KOA patients is not clear [16].

     The acute and long-term effects of stretching exercises have been extensively studied previously [17, 18]. Stretching exercises were 
found to increase joint RoM and functionality. In a meta-analysis of 19 randomized clinical trials involving 1250 patients with KOA, 
it has been shown that stretching exercises may be helpful for pain management, but they do not affect knee joint functionality [19]. 
Stretching exercises are also effective in improving ADLs such as household and outdoor activities, improving quality of life [20]. 
Stretching effectiveness has been established and is related to the KRoM increase during the warm-up preparation before strengthen-
ing training programs [3, 21]. Nevertheless, the data regarding the possible acute beneficial effects of static stretching on KOA patients’ 
functionality are limited. Thus, this study aimed to investigate the acute effects of a stretching intervention program in KRoM and the 
kknee in patients with KOA. 

Materials and Methods 
Participants

     This is a cross-sectional study which was held in an outpatient physiotherapy clinic. 20 female selected patients with diagnosed KOA 
were recruited and randomly assigned into the two groups (interventional group: N=10, and control group: N=10; Mean age: 58.52 ± 
6.28 years). Informed written consent for all participants was obtained, whilst University Ethics Committee on Human Research has 
approved the research protocol. Inclusion criteria included: diagnosed patients with KOA according to Kellegren-Lawrence radio-
graphic evaluation criteria [1], patients aged above 50 years old, participants shouldn’t have been diagnosed with heart or respiratory 
problems or have undergone knee operation. 

Stretching intervention program

     Participants were randomly divided in two groups: stretching and control group. Passive stretching was implemented in interven-
tion group while patients were in a prone position. Initially, stretching was applied in an extended position, whilst lumbar is positioned 
at L2-L4 level maintaining lumbar lordosis and immobilizing pelvis - position that assist the full flexion of the joint. A Continuous Pas-
sive Mode (CPM) protocol was carried out, during which patients performed bending of knee, until the resistance point and returned 
back to the initial position of 0 degrees. The exercise was repeated 3 times in a set of 60sec [2]. 
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kknee and KRoM evaluation

     An isokinetic dynamometer was used for the evaluation of KRoM, the maximum isokinetic torque and the mean torque. KRoM 
was defined as 0° from the original extended position in prone decubitus on the dymometer. kknee was calculated by the ratio DF / DL, 
wherein DF the displacement difference when maximum increase in torque and DL the difference of the angle at this maximum in-
crease in torque. Knee kknee was defined as the final achieved 10% of the range of DF / DL pre and post intervention [2]. 

Statistical analysis

     Descriptive data were calculated for sample characteristics. The analysis of variance with repeated ANOVA (2x2) was applied for 
pre and post measurements comparison. Post - Hoc test was used for between group interaction for the pre and post intervention 
measured variables - KRoM, mean torque, MS, maximum torque angle and maximum torque.

Results

     Baseline mean KRoM was significantly improved post intervention (F1,18 = 8.352, p < .001) for intervention group (Figure 1).

Stretching group Control group
Pre Post Pre Post

KRoM (°) 105.40±12.61 123.40±16.39* 107.20±12.29 109.30±12.57
mean torque (Nm) 7.19±2.24 5.54±2.14* 7.18±2.31 7.23±2.24
MS (Nm/ °) 0.65±0.17 0.48±0.20* 0.61±0.16 0.59±0.20
max torque angle (°) 100.16±14.25 124.80±12.16* 100,22±14.07 103.41±14.48
max torque (Nm) 10.63±3.69 17.74±5.53* 10.63±3.68 11.01±3.7

Table 1: Variables’ values pre and post intervention (*: significant different p< 0.05).

     kknee, mean torque, maximum torque angle, and mean passive torque were related to the intervention program, as all measurements 
were significantly different post stretching exercise (F1,18 = 6.384, p = .021, F1,18 = 8.352, p = .010, F1,18 = 37.203, F1,18 = 0.843, p = .031) 
p< .001, respectively) (Figures 2 and 3). Table 1 shows all the variables’ correlation pre and post intervention.

Figure 1: KRoM for both groups (*: significant different, 
p< 0.05, black bar: Before and white bar: after the  

interevention, respectively).
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Figure 2: Knee stiffness for both groups (*: significant 
different, p< 0.05, black bar: Before and white bar: 

after the interevention, respectively).

Figure 3: Maximum passive torque for both groups 
(*: significant different, p< 0.05, black bar: Before and 

white bar: after the interevention, respectively).

Discussion

     KRoM has gained major concern due to increased prevalence in recent decades. Numerous studies have shown the importance of 
exercising for the patients’ pain relief, better ADLs performance and quality of life. Our study aimed to investigate the effectiveness of 
a stretching intervention program in KRoM and kknee. Our findings suggest that passive stretching exercise improves KRoM and maxi-
mum torque angle acutely, whilst reducing kknee and mean torque. 

     RoM improvement, through stretching exercise has been reported in previous studies [23, 24]. KROM increased 15⁰ post-inter-
vention, a finding which is in agreement with previous report [25]. In their study, they found that static stretching could induce mean 
KRoM increases up to 20.9% in comparison with baseline KRoM. The importance of maintaining KRoM in individualized best possible 
high level for efficient ADLs performance and quality of life has been previously described [5]. KOA patients appear decreased knee 
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flexion during walking with a slower pace, whilst ADLs are affected such as sit to stand position. Although the muscle activation differs 
in different ADL, the common finding is that both velocity and RoM progressively decreases in patients with KOA [6]. Our main finding 
supports the use of static stretching in OA patients and extends our knowledge about its acute effects on patients’ knee functionality. 

     For the individuals to perform complex ADLs, the mobility and strength capacity of the knee joint is needed. In a meta-analysis of 
11 studies (n=453), it was found that the results of the implementation of two separate exercises program - stretching exercise vs 
strengthening exercise - were not significantly different [7]. Nevertheless, knee stiffness is affected by both strength capacity and knee 
range of motion. In our study, the kknee was reduced after the implementation of stretching exercises. Similarly, it has been previously 
described that the quadriceps and femoral bicep low stiffness is essential for ADLs performance, such as walking [8]. Additionally, it is 
shown that low-level extremities exercises may improve the flexibility of the quadriceps muscle resulting in better outcomes for ADLs 
performance [9]. Similar to our methodology, previous study calculated the kknee post intervention showing that passive stretching 
leads to significant reduction [2]. Our findings agree with previous studies, which have shown that stretching exercises can reduce 
stiffness resulting in the improvement of movement flexion and extension of the knee [13, 29]. Given the above, static stretching could 
promote better functionality of the OA patient, due to decreased knee stiffness, leading to more efficient ADLs. 

     Previous studies showed that patients with KOA have lower ability to accurately steady control submaximal force and impaired 
eccentric strength [10]. In our study, we found that passive stretching of the quadriceps did not affect the maximal produced force. Our 
findings are in agreement with recent findings, according to which short-duration static stretch (< 60’’) didn’t affect muscle strength 
and power performance in healthy athletes [11]. It was found that static stretching of 30 and 60 seconds did not affect strength-power 
qualities of healthy young women [12]. Similarly, it is reported that a > 60 seconds stretching training program might reduce force pro-
duction 1,1% [13]. Similar results have been reported by previous study [14] which showed that static stretching of 15 or 60 seconds 
was inefficient to trigger any significant alteration both in power production and mechano-morphological properties. In contrast, pre-
vious studies have shown that passive stretching has a negative impact on both power and strength capability [15, 16]. Most of these 
studies used long-duration stretching, lasting over 60’’. The duration used in the present study may be sufficient to cause alteration in 
knees ROM without affecting torque production.

Conclusion

     Significant differences were found in the KRoM, joint stiffness, and maximum torque production in women with KOA, who per-
formed static stretch. The intervention of static stretch is clinically and home applicable and it could be beneficial in KOA patients. 
Given the above, our data support the potential immediate effect of static stretch on motion and strength capacity of the knee joint 
resulting in improved ADLs, supporting its use daily.
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