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Effects of Low-impact elliptical training 
on knee osteoarthritis outcomes and 
knee joint space: a randomized clinical 
trail 
Syed Sabih Ul Konain Bukhari1*, Anam Aftab2, Sonia Muni3, Zahoor Ahmad4, Kinza 
Anwar5, Saad Rauf6 

ABSTRACT 

Background: Different physical therapy treatment strategies are 
used to decrease the symptoms and reduce the severity of knee 
Osteoarthritis (OA). Low-impact elliptical training is like 
mobilizations, which increase nourishment and contribute to 
increased joint space. Objective: To determine the effects of low-
impact elliptical training on knee osteoarthritis (OA) outcomes and 
knee joint space. 

Methods: Data for the randomized controlled trial (NCT05977374) 
was collected from 28 participants through a non-probability 
convenience sampling technique and randomized into group A: 
which received low-impact elliptical training along with 
conventional therapy, and group B:  which received traditional 
physical therapy for 12 weeks. The outcomes were checked through 
a knee injury and Osteoarthritis Outcome Score (KOOS) pre and 
post-treatment at the 6th and 12th week and knee space was 
measured by X-rays pre and post-treatment at the 12th week only.  

Results: the mean age of group A study participants  was 
51.92±9.106 years, and 50.29±5.483 years for group B, respectively. 
Within-group analysis, all domains of the KOOS for the low-impact 
elliptical training group showed significant improvement (p≤0.005). 
Between-group analyses, all the domains of the KOOS showed a 
non-significant difference with p≥0.05. In the between-group 
analysis of the knee joint width of the medial and lateral spaces in 
pre- and post-observation, there was no significant difference 
noted, but within the group, significant improvement (p=0.007) 
was observed in the medial space for the LIET group only 

Conclusions: Elliptical training can be used to intervene in 
individuals with grade 1 and 2 knee osteoarthritis compared to 
conventional physical therapy for the alleviation of pain, stiffness, 
ADLs, sports, and QOL. Moreover, it may improve knee joint space.  
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INTRODUCTION 

Knee osteoarthritis (OA) is a chronic 
degenerative disease affecting millions of people 
worldwide, particularly those above 60 years of 
age[1, 2]. Different factors, including trauma or joint 
injury, repetitive actions like squatting and 
kneeling, mechanical stressors, obesity, old age, 
sex, lifestyle, calcium deficiency,  metabolic 
diseases like diabetes, and genetic factors, can 
contribute to knee OA[3]. Knee osteoarthritis can 
result from the degradation of cartilage, the 
formation of osteophytes, and the reconstruction 
of the subchondral bone[4]. Generally, knee OA is 
diagnosed by physical examination, X-ray images, 
MRI scans, and arthroscopy[5]. 

To decrease the symptoms and severity level of 
knee osteoarthritis, physical therapy is one of the 
treatment strategies that can be employed [6]. 
Grade 1 and 2 mobilization can reduce pain and 
improve joint function by promoting blood flow, 
improving nutrient delivery, increasing joint 
lubrication, and reducing stress on the joint 
surfaces. Additionally, by increasing the range of 
motion and promoting joint flexibility, they may 
help decrease the compressive forces on the joint, 
hence helping to improve joint space. Low-impact 
exercises such as swimming, cycling, or elliptical 
machines can facilitate the maintenance of knee 
homeostasis. These exercises initiate a cycle of 
optimally promoting knee chondrocyte production 
and regenerating knee cartilage through the cyclic 
compression loading technique, which enhances 
blood flow, oxygen, and nutrient supply[7]. 

 Elliptical training is a popular fitness tool due 
to its ease of use and low risk of injury, which 
simulates the motion of walking or running while 
reducing the impact on joints [8] [9]. It has been 
found to have positive effects on knee 
osteoarthritis by decreasing knee varus and 
improving physical function and walking ability in 
individuals after total hip arthroplasty [10]. Off-axis 
elliptical training also reduces pain, improves knee 
function, and enhances lower extremity 
neuromuscular control in older adults [11]. Modified 
elliptical trainers with a converging footpath and 
reduced inter-pedal distance have different impacts 
on knee joint kinematics depending on the direction 
and incline of the exercise. Elliptical training puts 
less strain on the joints than high-impact exercises 
and protects knees from stressful impact [12]. 

As elliptical training employs the same cyclic 
process of compressive loading as manual knee 
joint mobilizations, the mobilizations are mostly 
performed manually, and active participation of the 
patient is limited. Elliptical training, on the other 

hand, would allow the patient to engage actively 
and support cartilage recovery in knee 
osteoarthritis. Until now, limited information has 
been available on the effects of elliptical training on 
knee space changes in knee OA, so this study 
assessed the effects of elliptical training on knee 
joint space and knee OA outcomes.  

MATERIAL AND METHODS 

Study Design & Setting: It was a single-blinded, 
randomized clinical trial (NCT05977374) conducted 
at the Islamabad Physical Therapy and 
Rehabilitation Centre (IPRC-21-01-2022-23), 
Rawalpindi, Pakistan. The study was completed 
within 1 year from January 2022-Feburary 2023 and 
approval was taken from the research and ethical 
committee (REC) of the Faculty of Rehabilitation 
and Allied Health Sciences 
(RIPHAH/RCRS/REC/Letter-01238) Riphah 
International University.  

Participants:  Selected participants were 
between the ages of 40 and 65, both male and 
female, with knee osteoarthritis (OA) of grades 1 
and 2. Participants were ineligible if they had any 
recent musculoskeletal ailments, such as trauma or 
fractures of the lower limb. Individuals suffering 
from low back discomfort, sciatica, acute 
infections, or fever were excluded. Participants 
who were using supplements or drugs that might 
potentially interact with the findings from the 
research were also eliminated. Finally, the existence 
of any knee joint abnormalities was a significant 
determinant of exclusion. 

Sample Size: Using G-Power, keeping the effect 
size small (0.24), α error margin at 0.05 and to avoid 
β error probability, the power (1- β) was set at 
0.95%, and the sample size calculated was n = 28. A 
total of n=100 patients were assessed for eligibility 
through the non-probability convenience sampling 
technique and 28 participants fulfilled the inclusion 
criteria.  

Randomization: The envelop sealed method 
using a computerized random number generator 
was used for randomization. An individual who was 
not directly involved in the study did the random 
allocation. The random numbers were then written 
on the index cards and placed in a thick and opaque 
sealed envelope before the start of the study. After 
obtaining written informed consent, the physical 
therapist opened the envelope and provided the 
respective interventions to the patients. As the 
assessed patient was blinded to the intervention so 
the study was single-blinded. 
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Figure 1: CONSORT diagram 

Intervention: 60-minute session was given to 
each patient 3 times per week and was given for 12 
weeks. Data was collected at baseline, after 6 
weeks, and then after 12 weeks for KOOS, but knee 
joint space was measured by X-ray at baseline and 
after 12 weeks. 

Treatment Group A (Conventional Physical 
Therapy and low impact Elliptical Training): received 

electrotherapy sessions (Ultrasound (f) 1 MHz, 
intensity 1.5W/cm2, 7 mins), isometric exercises (10 
reps, 5 sec hold, 3 sets), and open chain activities 
for 40–50 minutes, 3 times per week. Before and 
following elliptical training, each participant 
undertook static stretching exercises. Static muscle 
stretching included calf muscle, quadriceps muscle, 
iliotibial band, and hamstring stretching with10 
repetitions and 10-second hold for each leg.  

Table 1: Description of intervention 
 Group A (LIET) Group B (CPT) 

 Ultrasound (f) 1MHz, intensity 1.5W/cm2 7 mins. 
Knee isometrics 10 reps 5 sec hold, 3 
sets. Knee open chain activities, 3 

times/week. 
Static muscle stretching included calf muscle, quadriceps muscle, iliotibial band, and hamstring 

stretching with10 repetitions and 10-second hold was given. 
The anterior-posterior Maitland mobilization of grades 1-2 was performed for 3 minutes for 6 

weeks Home Care Plan was also given. 
This protocol was repeated during each session and occurred three times per week for 12 weeks 

 

 
Week 1 & 6 

The individual did a 5-minute warm-up on the 
elliptical machine at their own speed. 

This protocol was repeated during each session, 
which lasted between 30 minutes and 1 hour and 

occurred three times per week for 12 weeks 
3 mins of elliptical training with 120 strides/min 

followed for the enhancement of results 

 

 
- 

Week 7 & 12 
Training progressed to 5 mins of elliptical training 
when results showed positive response with 120 

strides/min 
- 

The individual did a 5-minute warm-up on the 
elliptical machine at their own speed. Once the 
individual was acquainted with the equipment, the 
3-minute elliptical training began at a 
predetermined rate. This protocol was repeated 
during each session, which lasted between 30 
minutes and 1 hour and occurred three times per 

week for 12 weeks. For weeks 1–6, 3 minutes of 
elliptical training with 120 strides per minute were 
followed for the enhancement of results. For weeks 
7–12, training progressed to 5 minutes of elliptical 
training with 120 strides per minute.  

Treatment Group B (Conventional Physical 
therapy): The conventional group received the 
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electrotherapy (Ultrasound (f) 1MHz, intensity 
1.5W/cm2, 7 mins) and isometric exercises (10 reps, 
5 sec hold, 3 sets), knee open chain activities 3 
times/week, and stretching exercises were 
performed. The anterior-posterior Maitland 
mobilization of grades 1-2 were performed for 3 
minutes for 6 weeks, then after that, the oscillation 
time was increased to 5 minutes, and a home plan 
was given. 

Assessments: The researchers considered the 
ethical, legal and regulatory norms and standards 
for this research according to the Declaration of 
Helsinki as a statement of ethical principles for 
medical research involving human subjects, 
including research on identifiable human material 
and data. For data collection, a demographic 
questionnaire with KOOS was used. Additionally, x-
rays were used as a third method to check the 
existence of knee OA grades and post-treatment 
improvements in the knee joint space with radiant 
software. The five patient-relevant aspects of the 
KOOS were graded separately: pain (9 things); 
symptoms (7 items); ADL function (17 items); sport 
and recreation function (5 items); and quality of life 
(4 items). All items have five possible answers being 
rated from 0 to 4.The random effects intraclass 
correlation coefficients for pain, 0.93 for 
symptoms, 0.75 for activities of daily living, 0.81 for 
sport and recreation function, and 0.86 for knee-
related quality of life were all considered high [13]. 

Radiant DICOM (Digital Imaging and 
Communications in Medicine) Viewer is a medical 
image processing and display application that uses 
the DICOM protocol [14]. DICOM software are used 
to examine a variety of imaging techniques, 
including digital radiography (CR, DX), magnetic 
resonance (MRI ), digital angiography (XA), 

computed tomography (CT), ), and ultrasound (US, 
IVUS) etc.[15] Radiant software is designed to 
analyze a wide range of digital data formats, 
including 2D and 3D images. The ability to view CR, 
CT & MRI studies on your PC using VR would allow 
medical practitioners to better evaluate a disorder 
along its 3D morphology and also help in 
determining a treatment plan[16]. We use Radiant 
DICOM for viewing digital X-rays of the knee joint 
and have found it, an excellent tool for analysing 
knee osteoarthritis. The radiographs of the 
anterior-posterior and lateral views of the knee 
joint were taken [17]. Then these images were 
transferred to DVD and different dimensions of 
knee joint space width (KJSW) were measured from 
digital X-ray film with the help of computer image 
measuring software at baseline and after 12 weeks.  

Statistical methods: Descriptive statistics were 
used to summarize the study findings and were 
subsequently presented in tables and graphs. A 
mixed ANOVA with partial eta squared (ηp2) as the 
effect size was used to examine the interaction 
between interventions and the level of assessment 
because non-parametric tests were appropriate for 
the data. A one-way ANOVA test was used to 
analyze changes over time for between-group 
comparisons. The RM-ANOVA test was used for 
within-group comparisons. The data was analyzed 
using SPSS (v-20) with p<0.05 as a significant level.  

RESULTS 

The mean age of study participants of Group A 
was 51.92±9.106 years, whereas Group B had 
50.29±5.483 years. The gender (p=o.12) and the BMI 
(p=0.54) are normally distributed in both groups. 
(Figure 2 & 3) 

 

 
Figure 2: Gender Based distribution between Interventions 
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Figure 3: BMI distribution between interventions 

 

Figure 4: Interaction effects of intervention with level of assessment 
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While assuming the sphericity, there is no 
homogeneity in the variance, whether the 
sphericity was assumed or not, there is no 
significant difference in the individual in the domain 
of KOOS with the level of assessments. There is no 
significant interaction effect regarding KOOS, pain 
{F= 1.058(2, 52), p-value 0.346}, symptoms {F= 0.053 
(2, 52), p-value 0.608}, ADLs {F= 1.379 (2, 52), p-
value 0.261}, sports {F= 2.394 (2, 52), p-value 0.101} 
and QOL {F= 1.177 (2, 52), p-value 0.316}. (Figure 5) 

Within-group analysis, the domains of the 
KOOS for Low Impact Elliptical training there is no 
significant difference within the groups in all its 
variables, pain, stiffness, ADLs, Sports, (p> 0.005) 
except QOL of Conventional Physical therapy 
training initially there was a no improvement from 
baseline to week 6 then from 6th week to 12th 
week, but generalized improvement has been seen 

from baseline to 12 week {F= 10.855(1.427, 18.55), p-
value 0.002, ηp2=0.455}. However, an overall 
improvement has been observed within the group 
of CT. (Table 3). 

 

Between-group analysis performed by one-way 
ANOVA which is explained in detail in Table 3, 
shows that in all the domains of the KOOS, there is 
no significant difference observed regarding pain, 
stiffness, ADLs, sports, and QOL with p≥0.05. From 
the baseline to the 6th week till the 12th week, 
better results have been documented from both 
groups. The between group analysis of the Knee 
joint width of the medial and lateral spaces in pre 
and post observation, in which there was no 
significant difference noted but with-in the group 
significant improvement was observed. Illustration 
showed in Table 4 & 5.  

Table 2: With-in group (Main effects) changes in both groups 
Group A (LIET)      Group B (CPT)  

  Mean SD MD/F (df) p-value ηp² Mean SD MD/F (df) p-value ηp² 

 Baseline 57.54 17.85 -14 0.001* a  58.93 14.42 -16 0.001* a - 

Pain After 6th week 72.42 20.48 -18 0.00*** b  75.20 5.49 -12 0.00*** b - 

 After 12th week 91.27 12.74 59.88(2,26) 0.00*** c 0.82 87.90 7.02 43.71(2,26) 0.00*** c 0.77 

Symptoms 
&Stiffness 

Baseline 70.66 16.99 -9 0.011** a  65.05 11.56 -11 0.00*** a - 

After 6th week 79.85 16.96 -11 0.001* b  77.04 9.57 -12 0.00*** b - 

After 12th week 91.58 9.66 27.202(2,26) 0.00*** c 0.67 89.29 3.96 63.81(2,26) 0.00*** c 0.83 

 Baseline 60.50 20.03 29 0.00*** a  62.18 14.04 24 0.00*** a - 

Function After 6th week 72.27 23.24 -11 0.007* b  75.42 10.58 -13 0.00*** b - 

 After 12th week 90.23 14.97  35.138(2,26) 0.730 87.08 7.54 103.09(1.36) 0.00*** c 0.88 

 Baseline 38.21 20.24 -15 0.006* a  42.50 11.72 -14 0.00*** a - 

Sports After 6th week 53.21 25.00 -24 0.00*** b  56.79 9.11 -17 0.00*** b - 

 After 12th week 77.86 20.44 74.83(2,26) 0.00*** c 0.852 73.93 10.77 75.11(1.13,14.81) 0.00*** c 0.85 

Quality of 
life 

Baseline 55.36 20.04 -4 0.566 a  57.14 14.05 -3 0.75 a - 

After 6th week 60.27 17.09 -11 0.002*** b  60.27 8.70 -6 0.073** b - 

After 12th week 71.88 12.44 10.85(1.42,18.5) 0.002*** c 0.455 66.52 6.30 4.45(1.27,16.59) 0.042* c 0.25 

Significance Level: p<0.05*, p<0.01**, p<0.001*** 
aBaseline to 6th week, b6th week to 12th week & cbaseline to 12th week; df-Degree of Freedom; ηp²-Partial eta square; MD-Mean Difference; 
SD-Standard Deviation 

Table 3: One way ANOVA for between group analyses at three different points 
Group A (LIET) Group B (CPT)   

  Mean SD Mean SD F (1,26) p-value 

 Baseline 57.54 17.85 58.93 14.42 1.04 0.31 

Pain After 6th week 72.42 20.48 75.20 5.49 0.29 0.59 

 After 12th week 91.27 12.74 87.90 7.02 0.67 0.41 

 Baseline 70.66 16.94 65.05 11.56 0.05 0.82 

Symptoms &Stiffness After 6th week 79.85 16.96 77.04 9.57 0.24 0.62 

 After 12th week 91.58 9.66 89.29 3.96 0.75 0.39 

 Baseline 60.50 20.03 62.18 14.04 0.06 0.79 

Function After 6th week 72.27 23.24 75.42 10.58 0.21 0.64 

 After 12th week 90.23 14.97 87.08 7.54 0.49 0.48 

 Baseline 38.21 20.24 42.50 11.72 0.47 0.49 

Sports After 6th week 53.21 25.00 56.79 9.11 0.25 0.62 

 After 12th week 77.86 20.44 73.93 10.77 0.40 0.53 

 Baseline 55.36 20.04 57.14 14.05 0.07 0.78 

Quality of life After 6th week 60.27 17.09 60.27 8.70 0.00 1.00 

 After 12th week 71.88 12.44 66.52 6.30 2.06 0.16 

Significance Level: p<0.05*, p<0.01**, p<0.001*** 
LIET- Low Impact Elliptical Training; CPT- Conventional Physical Therapy; SD-Standard Deviation; MD-Mean Difference. 
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Table 4: Between the group changes in both groups. 
  Group Mean SD p-value 

Lateral Knee Joint Space (mm) 

Pre 
LIET 5.15 0.78 

0.86 
CPT 5.20 0.86 

Post 
LIET 5.40 0.57 

0.80 
CPT 5.34 0.70 

Medial Knee Joint Space (mm) 

Pre 
LIET 4.36 0.58 

0.39 
CPT 4.58 0.76 

Post 
LIET 4.51 0.56 

0.31 
CPT 4.76 0.72 

Significance Level: p<0.05*, p<0.01**, p<0.001*** 
LIET- Low Impact Elliptical Training; CPT- Conventional Physical Therapy; SD-Standard Deviation; ηp²-Partial eta square; MD-Mean 
Difference. 

Table 5: With-in group changes in both groups. 

Group   Mean SD MD p-value ηp² 

Low Impact Elliptical Training 
(LIET) 

Lateral Knee Joint Space (mm) 
Pre 5.15 0.78 

0.25 0.07 0.48 Post 5.40 0.57 

Medial Knee Joint Space (mm) 
Pre 4.36 0.58 

0.15 0.007** 0.17 Post 4.51 0.56 

Conventional Physical 
Therapy (CPT) 

Lateral Knee Joint Space (mm) 
Pre 5.20 0.86 

0.13 0.15 0.33 Post 5.34 0.70 

Medial Knee Joint Space (mm) 
Pre 4.58 0.76 

0.17 0.06 0.32 Post 4.76 0.72 

Significance Level: p<0.05*, p<0.01**, p<0.001*** 
LIET- Low Impact Elliptical Training; CPT- Conventional Physical Therapy; SD-Standard Deviation; MD-Mean Difference; ηp²-Partial eta 
square 

DISCUSSION 

The primary goal of the present study was to 
assess the effects of Low-impact elliptical training 
on knee joint space and the outcomes of Knee OA. 
According to the results of the present study, the 
mean age of participants was 51 years. Pain, 
stiffness, ADLs, sports, and QOL were significantly 
improved for the LIET group and the conventional 
treatment group, with no significant difference 
between the two groups, but the knee joint space 
showed significant improvement in the LIET group 
only. Hence, standard elliptical training generates 
peak knee valgus angle difference, impacting knee 
kinematics. 

 A study conducted on patella femoral pain 
patients using an off-axis elliptical training 
programmer showed a significant decrease in foot 
plate pivoting angle and sliding distance. It also 
showed improvement in lower limb off-axis control 
and single-leg hop distance by 0.2 meters.[18] With 
an elliptical machine, peak tibial forces are reduced 
as compared to running, which indicates a low 
loading rate and further enhancement on the 
medial side can be done by employing a larger step 
width on a regular elliptical machine[19]. In a recent 
study elliptical training showed the same positive 
outcomes in knee osteoarthritis. The possible 
reason behind that increased proprioception with 
minor weight-bearing slows the progression of 
cartilage abnormalities reduced pain, and improved 
knee function. 

Different studies assessed the effects of 
different exercise interventions on knee cartilage 

health and related biomarkers. Bricca et al. 
evaluated the impact of exercise on articular 
cartilage health through systemic review in people 
with OA of the knee and found that loading 
interventions can lead to positive cartilage 
modifications and also have positive effects on 
glycosaminoglycan in knee cartilage [20]. Similar 
findings were also obtained in a recent trial in which 
knee outcomes and knee joint space were 
significantly improved in the elliptical training 
group. Knee ROM is also markedly improved in the 
elliptical training group.  Cyclic compression puts 
less stress on the knee joint than high-impact 
exercises. During compression, fluid is taken from 
the synovial membrane, and during decompression, 
cartilage resorbs various nutrients and oxygen. This 
fluid then enters the extracellular matrix (ECM), 
where it circulates to chondrocytes at diverse tissue 
depths and facilitates cartilage development in OA 
patients[21, 22].  

A 48-month cohort research indicated that 
people who used elliptical training generated more 
cartilage than those who did physical exercise [12]. 
Certain studies also showed promising outcomes 
and improved quality of life with minimal loading of 
joints by improving the health of knee joint 
cartilage[23]. In the present study, medial knee 
joint space in the elliptical group improved 
significantly. Recent studies also align with the 
results of previous studies showing peak knee 
valgus angle difference and reduction in knee 
osteoarthritis symptoms. Elliptical training involves 
a low-impact, weight-bearing exercise providing 
more space for the joint to move without excess 
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compression or friction. Elliptical training has 
positive effects on joint biomechanics. It 
strengthens the muscles, such as the quadriceps 
and hamstrings, improving the blood circulation of 
the muscles around the knee joint to provide 
necessary oxygen and nutrients to the joint, 
enhancing tissue repair and reducing inflammation, 
which can contribute to increased joint space [24]. 

A systematic review reported positive effects 
of exercises on the outcomes of knee osteoarthritis 
patients[25]. A systematic review reported positive 
effects of resistance exercise on activities of daily 
living and knee outcomes [26]. In the present study, 
the conventional group, received electrotherapy, 
isometrics, open-chain exercises, and mobilizations 
and showed significant positive effects on knee 
outcomes. Exercise and Mobilization techniques 
can reduce pain and improve joint function by 
promoting blood flow and nutrient supply to 
cartilage. It helps in reducing inflammation and 
increasing flexibility of the knee joint [27]. 

Primorac et al. reviewed the pathogenesis of 
knee osteoarthritis and non-operative therapeutic 
considerations and found that exercise therapy 
results in significant improvements in KOOS and 
WOMAC, indicating the positive impact of exercise 
therapy Similarly, an RCT compared the 
effectiveness of manual therapy versus 
neuromuscular training by using VAS, WOMAC, and 
goniometry and concluded that manual therapy is 
more effective to decrease pain and physical 
disability as compared to neuromuscular treatment. 
A systematic review reported that manual therapy, 
when combined with exercises can be effective in 
reducing knee-specific impairments and improving 
overall QoL in knee osteoarthritis persons [28]. In a 
recent trial, grade I and II mobilizations were 
applied to the conventional group and resulted in 
positive effects on knee outcomes [29]. Grade 1 and 
2 mobilization techniques may help to decrease the 
compressive forces on the joints and promote 
better alignment of the knee joint surface [30]. 

Romanowski et al. found that manual 
therapy(post-isometric relaxation and joint 
mobilization)  interventions led to clinical benefits 
for knee pain reduction and improved function [31]. 
The effects of Kinesio Tape and endurance training 
in improving the quality of life of knee OA were 
compared for participants between the ages of 40-
70 years, and both interventions were equally 
effective in improving the quality of life [32].Meta-
analysis recruited participants of knee OA and 
found that conventional therapy and circuit training 
showed improvement in knee stiffness, activities of 
daily living, and quality of life [33]. Similar findings 
are also achieved in our study in which elliptical 
training and conventional therapy showed 
significant improvement in knee outcomes. Knee 

Joint Mobilization generates rhythmic oscillatory 
movements within the normal joint range. Joint 
mobilization reduced pro-inflammatory gene 
activation (e.g., IL-1β, cyclooxygenase, etc), leading 
to improved local inflammation, reduction in pain, 
and improvement in knee ROM.  

Due to the limited resources this study was 
done at a low-cost budget. Follow-up was of a short 
period with a small sample size that may limit the 
generalizability of results.  To provide a 
comprehensive understanding of the lasting 
effects, a longitudinal follow-up study should be 
conducted beyond 12 weeks. Future studies should 
investigate the use of sophisticated imaging 
techniques such as magnetic resonance imaging 
(MRI) and computed tomography (CT) scans to 
have precise information regarding joint structures, 
cartilage integrity, and knee spacing, providing a 
full assessment of the course of knee osteoarthritis 
(OA) by including diverse participants with large 
sample size to apply findings on the broader 
population. Future studies should compare elliptical 
training with other types of interventions as well to 
determine relative effectiveness as well.  

CONCLUSION 

As both groups improved in terms of the KOOS 
variables, elliptical exercise was found to be good 
for the relief of pain, stiffness, ADLs, sports, and 
QOL. Furthermore, post-x-rays of medial knee joint 
space width (JSW) showed favourable outcomes, 
indicating that elliptical training can be employed 
for interventional purposes in persons with grades 1 
and 2 of osteoarthritis of the knee.  
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