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Abstract 

Background. Knee osteoarthritis (KOA) is a common orthopedic disorder that causes chronic pain, 
limits the mobility, and reduces the overall quality of life. As much as efficacy of exercise therapy is 
supported by empirical evidence, relative effectiveness of Mulligan Mobilization Technique (MMT) 
by comparison with proprioceptive training is yet to be established. 
Objective. The purpose of this study was to compare the impacts of MMT with proprioceptive exer-
cises (PE) and standard physiotherapy in people with KOA on pain and functional status. 
Methods. A randomized controlled trial including 60 participants (aged ≥40 years) was conducted 
over 10 weeks. Participants were allocated to MMT, PE and control physiotherapy groups. Pain in-
tensity (NPRS) and knee function (KOOS Total Score) were assessed at baseline, 4th, 8th and 10th 
weeks. Repeated-measures ANOVA with Bonferroni-adjusted pairwise comparisons was used. 
Results. The statistically significant improvements were observed in all the intervention groups (p < 
0.001). 
The most significant pain reduction and the maximum functional improvement was found in MMT. 
PE had an intermediate degree of improvement and traditional physiotherapy had the lowest degree 
of effect size. 
Effect sizes were highest for MMT (NPRS η² = 0.624; KOOS η² = 0.387). 
Conclusion. Among patients with KOA, Mulligan Mobilization with Movement was found to be better 
than proprioceptive exercises and traditional physiotherapy in reducing pain and improving the knee 
function. These results support the use of MMT as a conservative modality of first instance, which 
offers clinicians a powerful and effective alternative to achieve better patient outcomes. 

Keywords 

Knee osteoarthritis, Mulligan mobilization, proprioceptive exercises, physiotherapy, NPRS, KOOS, 
randomized controlled trial. 

Resumen 

Antecedentes. La osteoartritis de rodilla (OAR) es un trastorno ortopédico común que provoca dolor 
crónico, limita la movilidad y reduce la calidad de vida en general. Aunque la eficacia de la terapia 
con ejercicio está respaldada por evidencia empírica, la efectividad relativa de la Movilización con 
Movimiento de Mulligan (MMT), en comparación con el entrenamiento propioceptivo, aún no ha sido 
claramente establecida. 
Objetivo. El objetivo del presente estudio fue comparar los efectos de la MMT, los ejercicios 
propioceptivos (PEG) y la fisioterapia estándar en personas con OAR, en relación con el dolor y el 
estado funcional. 
Métodos. Se llevó a cabo un ensayo clínico aleatorizado con 60 participantes (edad ≥ 40 años) durante 
un período de 10 semanas. Los participantes fueron asignados a los grupos de MMT, PEG o 
fisioterapia convencional (grupo control). La intensidad del dolor (NPRS) y la función de la rodilla 
(puntuación total KOOS) se evaluaron al inicio del estudio y en la 4.ª, 8.ª y 10.ª semana. Se utilizó un 
ANOVA de medidas repetidas con comparaciones por pares ajustadas mediante Bonferroni. 
Resultados. Se observaron mejoras estadísticamente significativas en todos los grupos de 
intervención (p < 0.001). La mayor reducción del dolor y la máxima mejora funcional se encontraron 
en el grupo MMT. El grupo PEG mostró un grado intermedio de mejoría, mientras que la fisioterapia 
convencional presentó el menor tamaño del efecto. Los tamaños del efecto fueron más altos en el 
grupo MMT (NPRS η² = 0.624; KOOS η² = 0.387). 
Conclusión. En pacientes con osteoartritis de rodilla, la Movilización con Movimiento de Mulligan 
demostró ser superior a los ejercicios propioceptivos y a la fisioterapia tradicional para reducir el 
dolor y mejorar la función de la rodilla. Estos resultados respaldan el uso de la MMT como una 
modalidad conservadora de primera elección, ofreciendo a los clínicos una alternativa potente y 
eficaz para lograr mejores resultados en los pacientes. 

Palabras clave 

Osteoartritis de rodilla, movilización de Mulligan, ejercicios propioceptivos, fisioterapia, NPRS, 
KOOS, ensayo clínico aleatorizado.

 
 
 
 

Effectiveness of Mulligan mobilization versus proprioceptive 
exercises in knee osteoarthritis: a randomized controlled trial 
Eficacia de la movilización de Mulligan frente a los ejercicios propioceptivos en la 

osteoartritis de rodilla: un ensayo clínico aleatorizado 

mailto:lucatifkhan@gmail.com
https://doi.org/10.47197/retos.v75.118251


2026 (Febrero), Retos, 75, 963-976  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 964  
 

Introduction

Knee osteoarthritis (KOA) is a worldwide public -health issue, as it affects about 10 to 15% of adults 
over 60 years and is disproportionately common in women (Zain et al., 2020; Sarallahi et al., 2020). The 
consecutive increase of the KOA prevalence is correlated with the aging of populations, increasing obe-
sity rates, and sedentary lifestyles. As a result, the disease is a brutal burden to healthcare systems, ex-
pensive interventions, productivity at work, and, most tragically, quality of life of the impacted individ-
uals (Sarallahi et al., 2020). These burdens are further enhanced by a lack of timely rehabilitation ser-
vices in low- and middle-income environments, and there is a need to have scalable and evidence-based 
interventions. 

KOA can be characterized by a progressive course of development that is characterized by cartilage de-
struction, subchondral bone alteration, inflammation of the synovium, and slow deterioration of joint 
functions. Symptomatically, patients have pain, stiffness, swelling, limited range of movement, poor bal-
ance, and difficulty in everyday activities (Zain et al., 2020; Sarallahi et al., 2020). Abnormal load distri-
butions and a change in the biomechanics of the lower limbs due to the medial compartment implication, 
which is the most frequent in KOA, makes the progression of deterioration and functional loss accelerate 
(Zain et al., 2020). 

KOA care is still based on conservative management. Pharmacologic interventions are supplemented by 
rehabilitation based on physiotherapy, during which exercise can be considered a core element. Rou-
tinely used exercises include strengthening, flexibility, aerobic, and sensorimotor training aimed at de-
creasing pain and increasing the functional capacity (Rosadi, 2023). The use of manual therapy, in par-
ticular of Mulligan Mobilization with Movement (MWM), is often viewed as an addition to having a sig-
nificant impact on pain and joint mobility by using pain-free sustained glides and active movements 
(Anwer et al., 2018). Several studies have reported the immediate and short-term effects of MWM on 
pain, joint range, and functional performance; comparative data indicate that it could be as effective as 
other manual interventions in the treatment of KOA pain and gait-related (Westad, 2019). In addition to 
the effects of mechanical loading, MWM can regulate pain perceptions and motor control, which leads 
to the fact that movement efficiency and joint stability are improved (Kong et al., 2022; Ljubojevic et al., 
2020; Subhani et al., 2024). 

Proprioceptive training is aimed to address the lack of joint position sense, balance, and neuromuscular 
coordination, which are typical of KOA patients (Adhama et al., 2022). Such impairments lead to insta-
bility of joints, distortion of gait and risk of falls. It has been shown that balance training and unstable-
surface exercising reduce pain and enhance balance and functional performance (Viswas et al., 2021; 
Wang et al., 2021). Besides, proprioceptual losses can appear at an early stage of KOA, which can lead to 
disease development (Kulkarni, 2017; Moitra & Sharma, 2016). 

Recent evidence has shown significant support of both MWM and proprioceptive training, but there are 
still significant gaps in the literature. Most of the studies are performed to integrate these interventions 
with other modalities, which not only hides its individual effect but also is not representative of its pure 
effect (Hifza & Arif, 2023). The majority of evidences are based on short-term consequences, leaving no 
indication of long-term sustainability of benefits (Vrushali, 2019). Direct comparisons of the manual and 
sensorimotor methods in structured rehabilitation programs are few and have irregular results 
(Shaikh & Nabi, 2004; Aliyah & Usman, 2023). 

The current study directly contrasts the efficacy of Mulligan Mobilization with Movement and proprio-
ceptive exercises on pain, functional performance, and balance in people with mild to moderate KOA. 
These interventions are likely to be more clearly defined and their specific contributions to the overall 
effectiveness of the conservative treatment approach in the case of KOA patients can be explained by 
means of isolating them in the context of a controlled rehabilitation model and offering clinicians with 
practical evidence to achieve this objective. 
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Methodology 

Study Design and Setting 

This randomized controlled trial (RCT) was designed to investigate the effectiveness of such three treat-
ments on knee osteoarthritis (KOA): Mulligan Mobilization Technique (MMT), Proprioceptive Exercises 
(PE), and Traditional Physical Therapy (Control). The research was centered on the variation of the level 
of pain and functional status of the persons in one of the three groups. The process of data collection 
occurred in the Physiotherapy Out-Patient Department of the National healthcare Centre in Karachi, 
Pakistan, in the interval of March 27, 2025, to June 13, 2025. 

Sample Size Calculation 

G*Power software (version 3.1) was used to calculate the number of needed participants, and it was 
based on the repeated measures ANOVA in order to identify the differences between groups and over 
time. The calculation of the total sample size (f = 0.25, significance = 0.05, and the statistical power = 80) 
indicated the necessity to include 60 participants in the study. These respondents were randomly split 
into three equal groups (n = 20 each): 

• Group A: Proprioceptive Exercise Group (PEG) 

• Group B: Mulligan Mobilization Technique (MMT) 

• Group C: Traditional Physical Therapy (Control) 

Participants 

Subjects and Recruitment 

Adults aged 40 and older with mild to moderate KOA (based on Kellgren–Lawrence grades 2–3) were 
recruited from physiotherapy clinics using referral systems. A trained physiotherapist screened partic-
ipants to confirm they met inclusion criteria and obtained written consent before conducting initial as-
sessments. 

Inclusion Criteria 

• Age 40 or older 

• Clinical diagnosis of KOA with KL grades 2–3 

• Ability to walk at least 50 feet without using a walking aid 

Exclusion Criteria 

• KL grade less than 2 or greater than 3 

• History of knee surgery or joint replacement 

• Received corticosteroid injections in the knee within the last 6 months 

• Any neurological or orthopedic issues affecting the lower limbs 

• Autoimmune diseases, mental health conditions, or other disorders impacting balance 

Randomization and Blinding Procedures 

An independent researcher who was not involved in recruitment or treatment carried out the random-
ization and prepared the blinding protocol. Group allocation was concealed using sealed opaque enve-
lopes (lucky draw method) until participants were assigned. Outcome assessors and the statistician 
were blinded to group assignments, and participants were instructed not to reveal their group to reduce 
bias. 

Interventions 

Interventions were given to all the three groups at three sessions per week over 10 weeks. Each session 
took about 40-45 minutes, comprising of warm up, intervention, and rest. Interventions were done by 
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experienced physical therapists who had at least 5 years of clinical experience in musculoskeletal reha-
bilitation. Therapists who provided Mulligan Mobilization were also trained and certified in the Mulligan 
Concept. 

Group A: Proprioceptive Exercise Group (PEG) 

Participants first received pulsed ultrasound therapy, followed by a structured proprioceptive exercise 
program for a total of 30 sessions. 

Pulsed Ultrasound Protocol: 

• Frequency: 1 MHz 

• Intensity: 2 W/cm² 

• Duty Cycle: 1:4 

• Duration: 5 minutes 

• Application: Circular motion using a 5 cm applicator on the inner and outer parts of the knee. 

Exercise Components: 

1. One-Leg Balance; Stand on one leg for 60 seconds, rest for 10–20 seconds, and repeat three times 
for each leg 

2. Blind One-Leg Balance; Same as above, but with eyes closed. Three repetitions were performed 
for each leg with 10–20 seconds rest between trials. 

3. Toe Walking; Walk 20 meters on toes in straight and outward directions. The exercise was per-
formed for two repetitions, with 30 seconds rest between repetitions. 

4. Heel Walking; Walk 20 meters on heels in straight, inward, and outward direction. Two repeti-
tions were performed for each direction with 30 seconds rest between sets. 

5. Cross-Body Leg Swings; 15 reps per leg using wall support. One set was performed initially and 
progressed to two sets from week 4 onward. 

Group B: Mulligan Mobilization Technique (MMT) 

Participants received the same ultrasound treatment followed by Mulligan Mobilization with Movement 
(MWM) three times per week for 10 weeks. Each session lasted approximately 25–30 minutes, excluding 
ultrasound. 

Techniques Applied (2 sets of 10 reps, with 30–60 seconds rest between sets): 

1. Medial Glide; A participant was in prone position and a mobilization belt was placed on the prox-
imal tibia. There was a continuous medial glide with the participant flexing the knee actively. 

2. Lateral Glide; This glide was applied to a sustained lateral glide with mobilization belt and the 
participant actively flexed and extended his knee. 

3. Rotational Glide; A supine position was taken with the participant, and the tibia was gently ro-
tated inwards. Active knee flexion was done with a sustained glide and slight overpressure was 
only applied within pain free limits. 

Group C: Traditional Physical Therapy (Control) 

Participants in this group received therapeutic ultrasound followed by conventional physical therapy 
exercises, with a session duration of approximately 30 minutes, excluding ultrasound. 

Stretching Exercises: 

 Calf muscles (gastrocnemius and soleus): 

30-second hold × 3 repetitions, performed 3–5 days per week 

 Hamstring stretch: 

30-second hold × 3 repetitions, performed 3–5 days per week 
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 Strengthening Exercises: 

Quadriceps strengthening exercises (e.g., isometric contractions and active knee extension) 

2–3 sets of 10 repetitions, with 60 seconds rest between sets 

Closed Kinetic Chain Exercises: 

 Leg press 

 Partial squats 

 Step-up exercises 

Each closed kinetic chain exercise was performed for 2 sets of 10 repetitions, with progression in re-
sistance or step height introduced gradually after week 4 based on participant tolerance. 

Outcome Measures 

1. Numeric Pain Rating Scale (NPRS): The individuals were asked to rate their pain using a scale of 0 
(never been in pain) to 10 (the worst pain ever). This scale is characterized by a high level of reliability, 
test-retest correlation was 0.73 to 0.78 (Euasobhon et al., 2022). 

2. Knee Injury and Osteoarthritis Outcome Score (KOOS): This measure assesses five elements, which 
include symptoms, pain, daily activities, sports/recreation and quality of life with the knee. All the sec-
tions are based on Likert scale and transformed to a score between 0 and 100 with 0 being severe prob-
lems. The instrument is very robust, and the score is between 0.85 and 0.97(Roos, 2024; Phatama et al., 
2021). 

Statistical Analysis 

The SPSS version 26 was used in analysis of data. Results were compared over time and in the three 
groups using repeated-measures ANOVA. Pairwise comparisons Pairwise comparisons were adjusted 
with the Holm Bonferonni method. Partial eta squared (η2) of ANOVA and Cohen d of group compari-
sons were used to determine effect sizes. The findings were presented in the form of mean differences 
with confidence intervals (CI). Normality as well as the assumption of sphericity were checked. Linear 
mixed models were used in case assumptions were not fulfilled. The p-value of below 0.05 was taken as 
significant. 

 

Results 

A total of sixty participants were recruited into the study and randomly assigned to either of the three 
treatment groups and completed the entire trial protocol. Everyone was incorporated into the analysis. 
Two major outcomes have been reported: pain intensity, measured with the help of the Numeric Pain 
Rating Scale (NPRS), and knee function, measured with the help of the Total Knee Injury and Osteoar-
thritis Outcome Score (KOOS). 

Baseline Characteristics: Table 1 summarizes baseline demographic and clinical characteristics. The av-
erage age of the respondents was 55.35 ± 6.20 years with the age range of 42 to 67 years and 65% were 
females. Participants whose right knee was involved (53.3%) were slightly higher than the left knee 
(46.7%. About 36.7 percent of the participants gave symptoms that took more than three years. The 
average body mass index (BMI) was 29.22, with the standard of 5.27 kg/m2, which means that most of 
the study participants were overweight. At baseline, no statistically significant differences were found 
among groups, which confirms that the randomization process was practical and the predisposition to 
selection bias was reduced. 

 

Table 1. Baseline Characteristics of Participants (N = 60) 
Variable Category n (%) / Mean ± SD 

Age (years) Mean ± SD (Range) 55.35 ± 6.20 (42–67) 

Gender 
Male 21 (35.0%) 

Female 39 (65.0%) 
Affected Knee Joint Right 32 (53.3%) 
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Left 28 (46.7%) 

Duration of Pain 

< 1 year 9 (15.0%) 
1–3 years 20 (33.3%) 
> 3 years 22 (36.7%) 
4 years 6 (10.0%) 
5 years 3 (5.0%) 

Body Mass Index (BMI) Mean ± SD (Range) 29.22 ± 5.27 (20.00–39.00) 

 

Pain Intensity (NPRS Results): Table 2 and Figure 1 show the changes of the pain level in time and be-
tween groups. Mean NPRS scores were similar in all three groups at baseline (around 6.5), which means 
that there were no differences in the level of pain at baseline. The level of pain reduced significantly at 
the end of the intervention period (10 weeks) in all groups (p < 0.001). Nonetheless, the magnitude of 
improvement was lower in the control group than in the experimental groups, with a significant Time x 
Group interaction (η²=0.550). 

 

Figure 1. Group comparison NPRS over time 

 

 

Table 2. Comparison of Numeric Pain Rating Scale (NPRS) Scores Across Groups 

Time Point 
PEG (n=20) 

M±SD 
MMT (n=20) 

M±SD 
CG (n=20) 

M±SD 
Mean Difference (95% CI) p-value 

Effect Size 
(η²) 

Baseline 6.50 ± 0.688 6.60 ± 0.503 6.55 ± 0.510 Non-significant differences 0.101–0.439 — 

4th Week 5.05 ± 0.605 4.15 ± 0.366 5.55 ± 0.510 
MMT vs PEG: –0.90 (–1.22,–0.58) 
MMT vs CG: –1.40 (–1.68,–1.11) 
PEG vs CG: –0.50 (–0.77,–0.23) 

<0.001 0.550 

8th Week 3.85 ± 0.587 2.50 ± 0.688 4.55 ± 0.510 
MMT vs PEG: –1.35 (–1.68,–1.02) 
MMT vs CG: –2.05 (–2.39,–1.71) 
PEG vs CG: –0.70 (–0.97,–0.43) 

<0.001 0.550 

10th Week 2.20 ± 0.523 1.30 ± 0.470 3.20 ± 0.410 
MMT vs PEG: –0.90 (–1.13,–0.67) 
MMT vs CG: –1.90 (–2.12,–1.68) 
PEG vs CG: –1.00 (–1.22,–0.78) 

<0.001 0.550 

Overall Mean 4.40 ± 0.097 3.64 ± 0.097 4.96 ± 0.097 
MMT vs PEG: –0.76 (–1.04,–0.49) 
MMT vs CG: –1.33 (–1.60,–1.05) 

<0.001 0.624 

 

The participants of MMT group showed the most stable and significant improvement of the pain inten-
sity. Week 4, the average NPRS scores had lower to 4.15 in the MMT group, 5.05 in the proprioceptive 
exercise group (PEG), and 5.55 in the control group. During Week 8, the pain scores reduced further to 
2.50 in the MMT group because the PEG and control groups reported mean scores of 3.85 and 4.55, 
respectively. In the end of evaluation (Week 10), MMT group scored the least in pain (mean 1.30), then 
PEG, then the control (3.20). 

Comparisons between groups showed that MMT led to a much larger decreasing of pain as compared to 
PEG and control at all follow-up periods (p < 0.001). The total mean of NPRS during the intervention 
period also supported the benefit of MMT (mean 3.64) over PEG (4.40) and control (4.96). Table 4 re-
vealed that pain reduction in the MMT group was significantly increase than in the PEG group (mean 
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difference =-0.76; 95%CI= -1.04-0.49) and the control group (mean difference= -1.33; 95%CI= -1.60-
1.05) showing larger and sustained analgesic effect of MMT. 

Knee Function (KOOS Total Score Results): Table 3 and Figure 2 provide changes in knee functioning 
with time. There were no significant differences in baseline KOOS scores in the MMT and PEG groups 
(around 169-172) compared to the control group (151.65) but this was not significantly different. There 
were large improvements in the knee functioning with time (p < 0.001); although the extent of improve-
ments was significant, as reflected by a large Time × Group interaction (η2 = 0.682). 

 

Table 3. Comparison of Total KOOS Scores Across Groups 

Time Point 
PEG (n=20) 

M±SD 
MMT (n=20) 

M±SD 
CG (n=20) 

M±SD 
Mean Difference (95% CI) p-value 

Effect Size 
(η²) 

Baseline 
169.05 ± 

41.69 
172.60 ± 

42.61 
151.65 ± 

22.18 
Non-significant differences 0.018–0.130 — 

4th Week 
215.70 ± 

38.08 
226.00 ± 

31.41 
179.15 ± 

20.67 

MMT vs PEG: +10.30 
MMT vs CG: +46.85 
PEG vs CG: +36.55 

<0.001 0.682 

8th Week 
260.55 ± 

36.46 
275.25 ± 

27.19 
208.35 ± 

19.97 

MMT vs PEG: +14.70 
MMT vs CG: +66.90 
PEG vs CG: +52.20 

<0.001 0.682 

10th Week 
299.20 ± 

34.67 
318.00 ± 

25.42 
234.00 ± 

20.11 

MMT vs PEG: +18.80 
MMT vs CG: +84.00 
PEG vs CG: +65.20 

<0.001 0.682 

Overall Mean 
(EMM) 

249.88 272.46 193.88 
MMT vs PEG: –11.84 (NS) 

MMT vs CG: +54.67 
PEG vs CG: +42.84 

<0.001 0.387 

 

Figure 2. Group comparison KOOS Total Score over time 

 

The MMT group had the highest increases in knee functioning, in other hand PEG group and the control 
group had less increases. By Week 4, the KOOS scores raise to 226.00 in MMT group, 215.70 in PEG 
group, and 179.15 in control group. Week 10 showed further improvement in functional outcomes to a 
point of 318.00 in the MMT group, 299.20 in the PEG group, and 234.00 in the control group. 

Pairs comparisons showed that MMT resulted in significant increased functional improvement in com-
parison with PEG and control at all follow-up points (p < 0.001). PEG group also exhibited improve func-
tional results as compared to the control group. As the overall KOOS scores, the maximum functional 
results were duly noted in the MMT group (272.46) then PEG (249.88), and the few results in the control 
group (193.88). As shown in Table 4, the functional improvement was 54.67 points increase in MMT 
than in control, whilst PEG was showing an improvement of 42.84 points higher than in control. The 
MMT and PEG difference were not significantly different, which means that the variability of the two 
active interventions is similar. 

The overall effect of the intervention on knee function was large and statistically significant, particularly 
in the MMT group (η² = 0.387). 
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Table 4 summarizes the comparisons of both the pain and the function. The effect size for pain reduction 
(η² = 0.624) and functional improvement (η² = 0.387) indicates that MMT produced clinically meaning-
ful and sustained benefits compared with proprioceptive exercises and traditional physical therapy. 

 

Table 4. Pairwise and Overall Group Comparisons for KOOS and NPRS Outcomes 

Outcome Group Comparison Mean Difference 95% CI (Lower–Upper) p-value 
Overall F-value 

(df) 
Effect Size (η²) 

KOOS Total Score 
PEG vs. MMT –11.84 –35.50 to +11.82 0.667 17.99 (2, 57) 0.387 

PEG vs. CG +42.84 +19.18 to +66.50 p < 0.001   
MMT vs. CG +54.67 +31.02 to +78.33 p < 0.001   

 
Overall Between-Group 

Comparison 
— — p < 0.001 17.99 (2, 57) 0.387 

NPRS Score 
PEG vs. MMT +0.762 0.489 to 1.036 p < 0.001 47.37 (2, 57) 0.624 

PEG vs. CG –0.562 –0.836 to –0.289 p < 0.001   
MMT vs. CG –1.325 –1.599 to –1.051 p < 0.001   

 
Overall Between-Group 

Comparison 
— — p < 0.001 47.37 (2, 57) 0.624 

 

Discussion 

The current randomized controlled trial was a comparison of effect of Mulligan Mobilization Technique 
(MMT), proprioceptive exercises (PE) and Traditional physiotherapy in patients with knee osteoarthri-
tis (KOA). Even though all interventions were statistically significant in terms of changes in pain and 
knee function, the changes were different in magnitude across groups. The MMT group showed im-
provement in pain reduction and increase in functional outcomes than the PE and control groups. These 
results show that there is a relationship between the intervention type and the clinical outcomes as 
opposed to the direct causal relationship. 

The perceived advantages of traditional physiotherapy in the control group are in line with the available 
data about the importance of exercise-based physiotherapy as a viable, non-pharmacological method of 
KOA management. Randomized trials and systematic reviews performed in the past have shown that 
strengthening and aerobic exercise may result in the modest-to-moderate improvement of pain and 
function (Fransen et al., 2015; Brosseau et al., 2017). The changes that were detected in the control 
group can thus be attributed probably to established therapeutic effects of exercise and not exactly in-
tervention-related mechanisms. 

The improvement between the PE and the control group was more significant, which can be supported 
by the contributions of the proprioceptive training to sensorimotor control. It has been already reported 
that proprioceptive deficits are widespread in KOA, and they correlate with compromised balance and 
functional limitations (Kulkarni et al., 2019; Wang et al., 2021). Proprioceptive training was found to 
enhance the sense of joint position and postural stability, which could be associated with functional im-
provement (Jeong et al., 2019; Sheikhhoseini et al., 2023). Nonetheless, it is still yet to be established 
how far these improvements can be associated with structural or biomechanical changes in the long-
term and none of the current findings can be used to establish causality. 

The fact that the MMT group has shown higher improvements could have been due to a mixture of the 
biomechanical and neurophysiological factors. The positional fault theory, as formulated by Mulligan, is 
mainly a theoretical approach, according to which pain and movement limitation could be caused by 
minor joint dysplasia, which is fixed through pain-free mobilization during active motion (Hing et al., 
2015). Although this model offers a conceptual framework, there is limited direct empirical evidence to 
support the argument that positional faults are the major mechanism. 

Conversely, some of the suggested mechanisms behind MMT can be backed using empirical data. Mobi-
lization techniques and other forms manual therapy intervention have been demonstrated to have an 
effect on central pain modulation by reducing nociceptive input, and modifying spinal and supraspinal 
processing (Bhagat et al., 2020; Elbasti and Yentur, 2025). Neurophysiological evidence indicates that 
mobilization methods could stimulate descending inhibitory processes and this could be one of the rea-
sons of pain intensity reduction realized. Also, it has been suggested that mechanoreceptor stimulation 
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at the time of joint mobilization is linked with increased proprioceptive acuity and neuromuscular con-
trol, but it has not been demonstrated to date that Mulligan techniques have this effect (Subramanian 
and Rajesh, 2021; Mostamand et al., 2023). 

The motor learning and the confidence in movements may also be promoted through the active move-
ment component of Mobilization with Movement. The theoretical models of motor control support this 
hypothesis and empirical results confirm the ability of active and painless movement to decrease fear 
avoidance and enhance functional performance (Aman et al., 2015; May et al., 2015). Nevertheless, psy-
chological or neurocognitive outcomes were not directly evaluated in the current study and thus such 
interpretations must be treated as a speculation. 

Clinically, the results indicate that the three interventions are not only useful but MMT can be linked to 
greater short-term effects on pain and functions. These should not be perceived as evidence of the in-
tervention in favor or causation. Possible personal patient attributes, pre-test impairments and compli-
ance may also have played a role in the outcome and were not formally considered as effect modifiers. 
Further research that includes biomechanical tests, neurophysiological tests, and more extensive fol-
low-ups is needed to explain causal relationships and show how the identified benefits would be sus-
tained. 

Strengths and Limitations 

The strengths of this research were that it was based on the randomized controlled design, well-vali-
dated outcome measures (NPRS and KOOS), and direct comparisons of two active treatments to conven-
tional physiotherapy. The reason is that the repeated measurements were carried out during 10 weeks, 
which enabled the researchers to monitor short- and medium-term results. 

Nevertheless, there were also limitations of the study. It was done in one center that could restrict the 
generalizability of the findings. In addition, participants and therapists could not be blinded and this 
could have generated performance bias. The participants were not assessed on long-term effects, and 
there were no objective biomechanical and proprioception tests, and the duration was 10 weeks. As 
well, the enrollees were not categorized according to such factors as the severity of X-rays or their psy-
chological condition, which might affect the way they reacted to treatment. 

Future Directions 

Major multi-centres studies with extended follow-ups are required to know the duration of the benefits 
of MMT and its cost-effectiveness. Possible combined effects of MMT should also be tested as a future 
study should determine the effects of MMT when used in combination with proprioceptive or strength-
ening exercises. The objective tests of proprioception, joint loading, and balance would also be worth-
while to implement, as well as to develop specific programs to determine which of the patients works 
best with each treatment. 

 

Conclusions 

It was found that even though both traditional physiotherapy and proprioceptive exercises will be use-
ful, Mulligan Mobilization with Movement provides the most predictable and quickest pain and function 
enhancement among KOA patients. Proprioceptive training is not only a useful addition to the typical 
physiotherapy, but it is also well-rounded and so it is a part of a comprehensive KOA rehab program. 
These results indicate the significance of a patient-based integrated rehabilitation process, and MMT is 
a particularly useful solution. 
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LUC/MKT/IND/SP/03/327. The main study clinical trial has already been registered at the PRS clinical 
trial registry USA (ID: NCT06971016)  

 



2026 (Febrero), Retos, 75, 963-976  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 972  
 

Conflict of Interest 

Authors declare no conflict of interest. 

 

References 

Abbas, F., Taher, H., Bagheri, Z., Ashnagar, S., & Jalaei, S. (2022). Comparison of effects of Mulligan tech-
niques and muscle energy technique on pain and function in knee osteoarthritis. Journal of Mo-
dern Rehabilitation. https://doi.org/10.18502/jmr.v17i1.11302 

Adhama, A. I., Akindele, M. O., & Ibrahim, A. A. (2022). A pilot randomized trial of different weekly appli-
cations of kinesthesia, balance and agility exercise program for individuals with knee osteoar-
thritis. Jundishapur Journal of Health Sciences, 14(2). 

Aliyah, U., Qureshi, A., Saeed, A., Hameed, M., Arshad, A., Khalid, H., Khawar, K., & Rehman, A. U. (2023). 
Comprehensive meta-analysis of Mulligan’s mobilization with movement in knee osteoarthritis: 
Immediate and short-term efficacy on pain, function, and emotional well-being. International 
Journal of Membrane Science and Technology. https://doi.org/10.15379/ijmst.v10i3.3369 

Aman, J. E., Elangovan, N., Yeh, I. L., & Konczak, J. (2015). The effectiveness of proprioceptive training for 
improving motor function: A systematic review. Frontiers in Human Neuroscience, 8, 1075. 
https://doi.org/10.3389/fnhum.2014.01075 

Anwer, S., Alghadir, A., Zafar, H., & Brismée, J. M. (2018). Effects of orthopaedic manual therapy in knee 
OA: A systematic review and meta-analysis. Physiotherapy, 104(3), 264–276. 
https://doi.org/10.1016/j.physio.2018.05.003 

Bartholdy, C., Juhl, C., Christensen, R., Lund, H., Zhang, W., & Henriksen, M. (2017). The role of muscle 
strengthening in exercise therapy for knee osteoarthritis: A systematic review and meta-regres-
sion analysis of randomized trials. Seminars in Arthritis and Rheumatism, 47, 921–927. 
https://doi.org/10.1016/j.semarthrit.2017.01.003 

Bhagat, M., Neelapala, Y. R., & Gangavelli, R. (2020). Immediate effects of Mulligan’s techniques on pain 
and functional mobility in individuals with knee osteoarthritis: A randomized control trial. Phys-
iotherapy Research International, 25(1), e1812. https://doi.org/10.1002/pri.1812 

Brosseau, L., Taki, J., Desjardins, B., Thevenot, O., Fransen, M., Wells, G. A., et al. (2017). The Ottawa Panel 
clinical practice guidelines for the management of knee osteoarthritis. Part three: Aerobic exer-
cise programs. Clinical Rehabilitation, 31(5), 612–624. 
https://doi.org/10.1177/0269215517691083 

Buke, M., Ünver, F., Sekeroz, S., & Öztekin, S. N. (2024). Effectiveness of Mulligan mobilization technique 
and core stabilization exercises in female patients with knee osteoarthritis: A randomized con-
trolled single-blind study. Journal of Manipulative and Physiological Therapeutics, 47(1–4), 33–
44. https://doi.org/10.1016/j.jmpt.2024.08.012 

Chen, X., Yu, D., Lin, Y., Chen, P., Shao, B., & Wu, F. (2024). Effects of joint mobilization on pain, range of 
motion, and function in patients with knee osteoarthritis: A systematic review and meta-analysis 
of randomized controlled trials. medRxiv. https://doi.org/10.1101/2024.11.10.24317074 

Cho, Y., Kim, M. Y., & Lee, W. (2015). Effect of proprioceptive training on foot posture, lower limb align-
ment, and knee adduction moment in patients with degenerative knee osteoarthritis: A random-
ized controlled trial. Journal of Physical Therapy Science, 27(2), 371–374. 

Demirci, S., Kinikli, G. I., Callaghan, M. J., & Tunay, V. B. (2017). Comparison of short-term effects of mo-
bilization with movement and kinesiotaping on pain, function, and balance in patellofemoral 
pain. Acta Orthopaedica et Traumatologica Turcica, 51(6), 442–447. 
https://doi.org/10.1016/j.aott.2017.05.007 

Elbasti, M. S., & Yentür, S. B. (2025). Immediate effects of Mulligan mobilization and taping on pain and 
functional status in patients with knee osteoarthritis. Annals of Medical Research, 32(3), 92–96. 
https://doi.org/10.5455/annalsmedres.2024.11.241 

Euasobhon, P., Atisook, R., Bumrungchatudom, K., Zinboonyahgoon, N., Saisavoey, N., & Jensen, M. P. 
(2022). Reliability and responsivity of pain intensity scales in individuals with chronic pain. Pain, 
163(12), e1184–e1191. 

https://doi.org/10.15379/ijmst.v10i3.3369
https://doi.org/10.1016/j.physio.2018.05.003
https://doi.org/10.1016/j.aott.2017.05.007


2026 (Febrero), Retos, 75, 963-976  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 973  
 

Fransen, M., McConnell, S., Harmer, A. R., Van der Esch, M., Simic, M., & Bennell, K. L. (2015). Exercise for 
osteoarthritis of the knee: A Cochrane database of systematic reviews. British Journal of Sports 
Medicine, 49(24), 1554–1557. https://doi.org/10.1136/bjsports-2015-095424 

Gayretli Atan, S., Pehlivan, E., & Bağçacı, S. (2025). Evaluation of the effectiveness of proprioceptive 
training according to radiological stages in patients with knee osteoarthritis. Medicina (Kaunas), 
61(3), 546. https://doi.org/10.3390/medicina61030546 

Ghafoor, F., Iqbal, M. A., Nasir, M., Shakoor, A., Seemal, P., & Sabir, I. (2023). Comparison of the effective-
ness of exercise therapy vs Mulligan’s mobilization with movement on pain and daily living ac-
tivities in household females with knee osteoarthritis. Biomedical Journal of Scientific & Tech-
nical Research, 51, 42156–42162. https://doi.org/10.26717/BJSTR.2023.51.008031 

Gohil, M., & Shukla, Y. (2020). Effect of proprioceptive training using biofeedback (Equiboard) on pain, 
function and proprioception in osteoarthritic knee. International Journal of Scientific and 
Healthcare Research, 5(1), 232–237. 

Habib, Z., Ambreen, F., Chaudhary, W. A., Ejaz, B., Awan, K. M., Arif, K., & Mohsin, A. (2025). Effectiveness 
of dry needling with or without Mulligan two-leg rotation technique on pain, range of motion, 
and joint dysfunction in knee osteoarthritis. Insights Journal of Health & Rehabilitation, 3(2), 
581–589. https://doi.org/10.71000/sxb4pf37 

Hauk, L. (2014). Treatment of knee osteoarthritis: A clinical practice guideline from the AAOS. American 
Family Physician, 89(11), 918–920. 

Hifza, A., Arif, N., Kanwal, N., Tahir, H., Akmal, I., Hussain, S., & Munawar, M. I. (2023). Screening of ther-
apeutic potentials of proprioceptive exercises and topical glucosamine sulfate on pain and func-
tional disability in knee osteoarthritis. Tropical Journal of Pharmaceutical Research. 
https://doi.org/10.4314/tjpr.v21i11.25 

Hing, W., Hall, T., Rivett, D., Vicenzino, B., & Mulligan, B. (2015). The Mulligan concept of manual therapy: 
Textbook of techniques. Elsevier. 

İnce, B., Göksel Karatepe, A., Akçay, S., & Kaya, T. (2023). The efficacy of balance and proprioception 
exercises in female patients with knee osteoarthritis: A randomized controlled study. Clinical 
Rehabilitation, 37(1), 60–71. https://doi.org/10.1177/02692155221111929 

Jadhav, V. S., & Anap, D. B. (2019). Effectiveness of Mulligan mobilization versus McKenzie exercises in 
knee osteoarthritis: A single-blind randomized controlled trial. Physiotherapy and Rehabilita-
tion, 4, 177. 

Jain, P., & Shinde, S. (2025). Effect of aquatic resistance, balance, and proprioception training on lower 
limb muscle performance in bilateral knee osteoarthritis. Journal of Musculoskeletal Surgery 
and Research, 9(1), 104–111. https://doi.org/10.25259/JMSR_230_2024 

Jeong, H. S., Lee, S. C., Jee, H., Song, J. B., Chang, H. S., & Lee, S. Y. (2019). Proprioceptive training and 
outcomes of patients with knee osteoarthritis: A meta-analysis of randomized controlled trials. 
Journal of Athletic Training, 54(4), 418–428. https://doi.org/10.4085/1062-6050-329-17 

Jeong, J. H., Kim, J. G., Lee, Y. J., & Lee, D. Y. (2019). The effects of proprioceptive exercise and taping on 
knee joint position sense and balance ability in patients with knee OA. Journal of Physical Ther-
apy Science, 31(6), 438–441. 

Ju, S. B., Park, G. D., & Kim, S. S. (2015). Effects of proprioceptive circuit exercise on knee joint pain and 
muscle function in patients with knee osteoarthritis. Journal of Physical Therapy Science, 27(4), 
2439–2441. https://doi.org/10.1589/jpts.27.2439 

Kiran, A., Ijaz, M. J., Qamar, M. M., Basharat, A., Rasul, A., & Ahmed, W. (2018). Comparison of efficacy of 
Mulligan’s mobilization with Maitland mobilization along with conventional therapy in the pa-
tients with knee osteoarthritis: A randomized clinical trial. Libyan International Medical Univer-
sity Journal, 3(1), 26–30. https://doi.org/10.4103/LIUJ.LIUJ_12_18 

Kirthika, V., Sudhakar, S., Padmanabhan, K., Ramachandran, S., & Kumar, M. (2018). Efficacy of combined 
proprioceptive exercises and conventional physiotherapy in patients with knee osteoarthritis: 
A double-blinded two-group pretest–posttest design. Journal of Orthopaedic Traumatology and 
Rehabilitation, 10, 94–97. https://doi.org/10.4103/jotr.jotr_40_17 

Kong, H., Wang, X. Q., & Zhang, X. A. (2022). Exercise for osteoarthritis: A literature review of pathology 
and mechanism. Frontiers in Aging Neuroscience, 14, 854026. 
https://doi.org/10.3389/fnagi.2022.854026 

https://doi.org/10.71000/sxb4pf37


2026 (Febrero), Retos, 75, 963-976  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 974  
 

Kulkarni, M., Agrawal, R., Khan, T., & Vejlani, F. (2019). Effect of proprioceptive exercises on knee joint 
position sense and balance in patients with knee osteoarthritis. Physiotherapy & Physical Edu-
cation, 4, 20–24. 

Lalnunpuii, A., Sarkar, B., Alam, S., Equebal, A., & Biswas, A. (2017). Efficacy of Mulligan mobilization 
compared to Maitland mobilization in females with knee osteoarthritis: A double-blind random-
ized controlled trial. International Journal of Therapies and Rehabilitation Research, 6(2), 37–
40. https://doi.org/10.5455/ijtrr.000000241 

Li, L. L., Hu, X. J., Di, Y. H., & Jiao, W. (2022). Effectiveness of Maitland and Mulligan mobilization methods 
for adults with knee osteoarthritis: A systematic review and meta-analysis. World Journal of 
Clinical Cases, 10(3), 954–962. https://doi.org/10.12998/wjcc.v10.i3.954 

Lin, Y., Yu, D., Chen, X., Chen, P., Chen, N., Shao, B., et al. (2025). Effects of proprioceptive exercise for 
knee osteoarthritis: A systematic review and meta-analysis. Frontiers in Rehabilitation Sciences, 
6, 1596966. https://doi.org/10.3389/fresc.2025.1596966 

Ljubojevic, A., Popovic, B., Bijelic, S., & Jovanovic, S. (2020). Proprioceptive training in dance sport: Ef-
fects on agility skills. Turkish Journal of Kinesiology, 6(3), 109–117. 

Madhumita, R., Ramana, K., Anitha, A., & Kamalakannan, M. (2024). Effect of Mulligan techniques on pain 
reduction and improving functional activity of shoulder among periarthritis shoulder individu-
als. Indian Journal of Physiotherapy and Occupational Therapy, 18. 
https://doi.org/10.37506/f5zcrm83 

May, J., Krzyzanowicz, R., Nasypany, A., Baker, R., & Seegmiller, J. (2015). Mulligan concept use and clin-
ical profile from the perspective of American certified Mulligan practitioners. Journal of Sport 
Rehabilitation, 24(4), 337–341. https://doi.org/10.1123/jsr.2013-0119 

Moitra, M., & Sharma, S. (2016). Effectiveness of proprioceptive training programme on joint position 
sense and balance in patients with knee osteoarthritis: A randomized controlled trial. Journal of 
Disability Studies, 3(1), 5–7. 

Mostamand, J., Adeli, M., Ahmadi, H., & Hassanzadeh, A. (2023). Effect of Mulligan mobilization technique 
on static and dynamic balance in moderate to severe knee osteoarthritis: A randomized con-
trolled clinical trial. Journal of Rehabilitation Sciences Research, 10(1), 25–30. 

Nazir, S. N., Ali, S. S., & Akhtar, S. (2020). Effectiveness of Mulligan joint mobilizations and trunk stabili-
zation exercises versus isometric knee strengthening in the management of knee osteoarthritis: 
Study protocol for randomized controlled trial. medRxiv. 
https://doi.org/10.1101/2020.05.03.20089276 

Phatama, K. Y., Aziz, A., Bimadi, M. H., Oktafandi, I. G. N. A. A., Cendikiawan, F., & Mustamsir, E. (2021). 
Knee injury and osteoarthritis outcome score: Validity and reliability of an Indonesian version. 
Ochsner Journal, 21(1), 63–67. 

Prabhakar, A. J., Joshua, A. M., Prabhu, S., & Kamat, Y. D. (2020). Effectiveness of proprioceptive training 
versus conventional exercises on postural sway in early knee osteoarthritis: RCT protocol. In-
ternational Journal of Surgery Protocols, 24, 6–11. https://doi.org/10.1016/j.isjp.2020.09.002 

Qureshi, A. U., Saeed, A., Hameed, M., et al. (2023). Comprehensive meta-analysis of Mulligan’s mobiliza-
tion with movement in knee osteoarthritis: Immediate and short-term efficacy on pain, function, 
and emotional well-being. International Journal of Membrane Science and Technology, 10(3), 
3397–3406. https://doi.org/10.15379/ijmst.v10i3.3369 

Rangparia, F., & Singh, A. K. (2025). Comparison of effect of McKenzie exercise and Mulligan with move-
ment on ROM and physical function in KOA: Randomized control trial. International Journal of 
Physical Therapy Research Studies, 4(2). 

Rao, R. V., Balthillaya, G., Prabhu, A., & Kamath, A. (2018). Immediate effects of Maitland mobilization 
versus Mulligan MWM in osteoarthritis knee: Randomized crossover trial. Journal of Bodywork 
and Movement Therapies, 22(3), 572–579. https://doi.org/10.1016/j.jbmt.2017.09.011 

Rao, D. D., Chaudhry, H., Kumar, S. P., & Sharan, D. (2018). Comparative effectiveness of Mulligan's mo-
bilization and Maitland's mobilization in knee osteoarthritis: A randomized controlled trial. 
Journal of Bodywork and Movement Therapies, 22(3), 817–823. 

Razek, R. A., & Shenouda, M. M. (2014). Efficacy of Mulligan’s mobilization with movement on pain, dis-
ability, and range of motion in patients with knee osteoarthritis: Randomized controlled pilot 
study. Indian Journal of Physiotherapy and Occupational Therapy, 8(1), 242–246. 

Richhariya, N., Mudaliar, S., & Kumar, D. V. (2023). Efficacy of proprioceptive exercises and core 
strengthening with conventional physiotherapy on pain and quality of life in knee osteoarthritis. 

https://doi.org/10.3389/fresc.2025.1596966
https://doi.org/10.37506/f5zcrm83
https://doi.org/10.15379/ijmst.v10i3.3369


2026 (Febrero), Retos, 75, 963-976  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 975  
 

International Journal of Scientific and Healthcare Research, 8(1), 267–272. 
https://doi.org/10.52403/ijshr.2023013 

Roos, E. M. (2024). 30 years with the Knee Injury and Osteoarthritis Outcome Score (KOOS). Osteoar-
thritis and Cartilage, 32(4), 421–429. 

Rosadi, R., Wu, P. T., You, Y. L., Kuo, L. C., & Lin, C. F. (2023). Effectiveness of combined exercise and 
physiotherapy intervention in improving functional activity of patients with knee osteoarthritis 
in Muslim prayer movements. Journal of Medical and Biological Engineering, 43(2), 125–134. 

Sarallahi, M., Amiri, A., & Sarafzadeh, J. (2020). The effect of quadriceps kinesio tape on functional disa-
bility, pain, and knee joint position sense in knee osteoarthritis patients. Journal of Clinical Phys-
iotherapy, 62(3), 15–18. 

Shaikh, N., Bukhsh, N., Farooq, A., & Rathore, F. A. (2024). Efficacy of Mulligan joint mobilizations and 
trunk stabilization exercises versus isometric knee strengthening in knee osteoarthritis: A ran-
domized controlled trial. BMC Sports Science, Medicine & Rehabilitation. 
https://doi.org/10.1186/s13102-024-00893-7 

Sheikhhoseini, R., Dadfar, M., Shahrbanian, S., Piri, H., & Salsali, M. (2023). The effects of exercise training 
on knee repositioning sense in people with knee osteoarthritis: Systematic review and meta-
analysis of clinical trials. BMC Musculoskeletal Disorders, 24(1), 592. 
https://doi.org/10.1186/s12891-023-06712-3 

Sobhani, V., Hashemi, S. E., Mir, S. M., & Ghorbanpour, A. (2024). Impact of proprioceptive exercises on 
pain, balance, and fall risk in the elderly with knee osteoarthritis: A randomized clinical trial. 
Cureus, 16(10), e70885. 

Solanki, D., & Kage, V. (2015). Effectiveness of medial Mulligan glide versus internal rotation Mulligan 
glide in KOA: Randomized clinical trial. Revista Română de Kinetoterapie, 21(35). 

Stathopoulos, N., Dimitriadis, Z., & Koumantakis, G. A. (2019). Effectiveness of Mulligan’s mobilization 
with movement techniques in peripheral joints: A systematic review with meta-analysis be-
tween 2008–2017. Physiotherapy, 105(1), 1–9. https://doi.org/10.1016/j.physio.2018.08.005 

Subbiah, S. (2023). Effectiveness of Mulligan’s mobilization with movement on pain pressure threshold 
and functional ability in subjects with knee osteoarthritis. International Journal of Life Science 
and Pharma Research, 13(4), 182–192. https://doi.org/10.22376/ijlpr.2023.13.4.l182-l192 

Subramanian, M. B., & Rajesh, P. (2021). Effect of Mulligan mobilization on proprioception in osteoar-
thritis of the knee joint: Systematic review. Journal of Pharmaceutical Research International, 
33(60B), 1027–1034. https://doi.org/10.9734/jpri/2021/v33i60B34709 

Tabassum, H., Qaiser, F., Bhatti, H. N., et al. (2024). Efficacy of Mulligan MWM along with conventional 
physical therapy in knee osteoarthritis. Journal of Health Rehabilitation Research, 4(1), 1349–
1354. https://doi.org/10.61919/jhrr.v4i1.603 

Ughreja, R. A., & Shukla, Y. U. (2017). Mulligan’s mobilization with movement relieves pain and improves 
functional status in osteoarthritis knee. International Journal of Physiotherapy, 4(2), 132–138*. 
https://doi.org/10.15621/ijphy/2017/v4i2/141954 

Vamsidhar, N., Reddy, R. S., Thiruppathi, A., Ravindran, B., & Sivakumar, B. (2017). Effectiveness of pro-
prioceptive training and strengthening exercises in osteoarthritis of knee. Journal of Medical Sci-
ence and Clinical Research, 5, 23352–23356. https://doi.org/10.18535/jmscr/v6i1.02 

Vishnupriya, R. (2017). A comparative study of balance training with foam balance activity versus pro-
prioceptive exercise in the management of osteoarthritis knee [Master’s thesis]. 
https://doi.org/10.36678/IJMAES.2024.V10I02.004 

Viswas, R., Ramachandran, R., Anantkumar, V. K., & Mathew, L. (2021). Proprioceptive training and its 
impact on knee OA: A review of current evidence. Open Access Rheumatology: Research and 
Reviews, 13, 21–31. 

Vrushali, S., Jadhav, D. B., & Anap, D. (2019). Effectiveness of Mulligan mobilization versus McKenzie 
exercises in knee osteoarthritis: A single-blind randomized controlled trial. 

Wang, Y., Wu, Z., Chen, Z., Ye, X., Chen, G., & Yang, J. (2021). Proprioceptive training for knee osteoarthri-
tis: A systematic review and meta-analysis of randomized controlled trials. Frontiers in Medi-
cine, 8, 699921. https://doi.org/10.3389/fmed.2021.699921 

Weleslassie, G. G., Temesgen, M. H., Alamer, A., Tsegay, G. S., Hailemariam, T. T., & Melese, H. (2021). 
Effectiveness of mobilization with movement on the management of knee osteoarthritis: A sys-
tematic review of randomized controlled trials. Pain Research and Management, 2021, 8815682. 
https://doi.org/10.1155/2021/8815682 

https://doi.org/10.1186/s12891-023-06712-3
https://doi.org/10.61919/jhrr.v4i1.603
https://doi.org/10.18535/jmscr/v6i1.02


2026 (Febrero), Retos, 75, 963-976  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 976  
 

Westad, K., Tjoestolvsen, F., & Hebron, C. (2019). The effectiveness of Mulligan’s mobilization with 
movement on peripheral joints in musculoskeletal conditions: A systematic review. Musculo-
skeletal Science and Practice, 39, 157–163. https://doi.org/10.1016/j.msksp.2019.03.006 

Zain, N., Omar, T., & Younis, J. (2020). Effect of self-care model intervention on quality of life of knee OA 
patients. Research and Review Health Care Journal, 2(2), 1–9. 

 

Authors' and translators' details: 

Muhammad Atif Khan lucatifkhan@gmail.com Autor/a 
Satheesh Babu Natarajan satheeshbabu@lincoln.edu.my Autor/a 
Muhammad Ahmed Azmi azmiahmed@hotmail.com Autor/a 

Hira Islam drhiraislampt@gmail.com Autor/a 
Muhammad Asif m.asif@nhu.edu.pk Autor/a 

Mahtab Ahmed Mukhtar Patafi mahtab.patafi1@gmail.com Autor/a 
Nasir Mehmood nasir.mehmood@iub.edu.pk Autor/a 

Nigar Begum nigarasim@outlook.com Autor/a 

 

https://doi.org/10.1016/j.msksp.2019.03.006
mailto:lucatifkhan@gmail.com
mailto:satheeshbabu@lincoln.edu.my
mailto:drhiraislampt@gmail.com
mailto:m.asif@nhu.edu.pk
mailto:nasir.mehmood@iub.edu.pk

