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Knee osteoarthritis (OA) is a common chronic rheumatic disease that
frequently causes pain and disability, particularly in women. Declines in
cardiorespiratory function and muscle coordination due to OA can affect
maximal oxygen capacity (VO, max). This study aims to evaluate how
uphill treadmill exercise affects VO, max and 6-minute walking test (6
MWT) performance in patients with grade II-1II knee OA. Subjects were
separated into a control group (receiving standard therapy) and a
treatment group (receiving standard therapy plus uphill treadmill
exercise). Standard therapy included quadriceps-strengthening exercises
using a Q-bench and TENS modalities (two sessions per week for five
weeks). The treatment group received additional uphill treadmill exercise
at an 8° incline for 30 minutes twice a week for five weeks. VO, max
measurements were conducted one day before the intervention, one day
after the intervention, and 20 days after the intervention. Data were

rehabilitation analyzed using an independent t-test. The treatment group demonstrated

much greater improvements in VO, max and 6 MWT performance than the
control group (p < 0.01, Cohen’s D 2 0.89). These findings demonstrate that
uphill treadmill exercise is an effective complementary therapy for
improving functional capacity in patients with knee OA. This study

*Corresponding Author:

achmad.kadarusman-

2015@fkunair.ac.id demonstrates how uphill treadmill exercise can play a key role in knee OA
rehabilitation. Further research is recommended to assess the optimal
duration of training and its impact on long-term quality of life.
INTRODUCTION

Osteoarthritis (0A) is a degenerative joint disease characterized by damage to joint cartilage, the
formation of osteophytes, subchondral sclerosis, morphological changes in the joint capsule and
synovial membrane, as well as biochemical alterations due to an imbalance between the synthesis
and degradation of subchondral bone and cartilage. OA tends to affect weight-bearing joints,
including the ankles, hips, and knees. The main symptoms of OA include pain, joint stiffness, swelling,
and significant physical disability (Salman et al., 2023; Sharma, 2021). Epidemiological data
demonstrate that the prevalence of knee OA in Asia is 6.8% of the population and is expected to rise
to 16.8% by 2040. Globally, knee OA cases are projected to increase by approximately 100,000
annually (Barbour et al., 2017).

VO, max is a physiological parameter that reflects the body's maximum ability to utilize oxygen
during intense physical activity. VO, max levels are positively correlated with an individual's activity
capacity. Higher VO, max levels are associated with reduced fatigue and optimal muscle performance
during physical activity (Gannon, 2002). Biomechanical disturbances, such as muscle weakness and
altered gait patterns, can affect oxygen consumption in patients with knee OA. Therefore, VO, max
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measurement is crucial to assess patients' functional capacity and the effectiveness of therapeutic
interventions (Fisher et al.,, 1997; Waheed et al.,, 2010).

Previous studies indicate that evaluating gait patterns on a treadmill, especially with varying
inclinations, can reveal biomechanical changes that are not detected under normal conditions
(Pacifico et al., 2020). Uphill walking exercises are known to enhance muscle activation around the
affected joint, improve knee joint stabilization, and provide a controlled environment to prevent
further damage (Lange et al., 1996; Jam et al., 2011). Meanwhile, the transcutaneous electrical nerve
stimulation (TENS) modality has been widely used for pain management in knee OA. TENS operates
via the gate control theory mechanism and -endorphin stimulation to relieve pain and support
therapeutic activities (Reichenbach et al., 2022; Al-Zageba et al., 2024).

This study aims to evaluate how adding uphill treadmill exercise to standard therapy involving TENS
and strengthening exercises affects the VO, max of patients with knee OA. This research contributes
to the field of medical rehabilitation, particularly strategies to improve the functional capacity of
patients with knee OA. Additionally, this study is expected to form the basis for clinical
recommendations for more effective and holistic knee OA management.

MATERIALS AND METHODS
Research Type and Design

This experimental study used a pre-test and post-test randomized control group design. Subjects
were randomized to determine the control and treatment groups. The control group (K1) received
interventions consisting of TENS and strengthening exercises, while the treatment group (K2)
received TENS, strengthening exercises, and uphill treadmill exercises for 10 sessions.

Location and Duration

The study was performed at the Outpatient Medical Rehabilitation Unit of Dr. Soetomo General
Academic Hospital (RSUD Dr. Soetomo) from August to December 2023.

Study Subjects

The subjects were patients with knee OA according to the American College of Rheumatology (ACR)
criteria who met the inclusion and exclusion criteria. The sample size was determined using Lwanga
and Lemeshow's formula (1991), resulting in 16 subjects per group. To account for dropout, the
sample size was increased by 20%, totaling 18 subjects per group. Samples were selected using
simple random sampling.

Subject Criteria

Inclusion criteria: Patients with grade II and III knee OA according to the Kellgren and Lawrence
scale, aged 50-59 years, with BMI < 30 kg/m?, experiencing pain with VAS 30-60 mm in the past
week, capable of walking independently without aids, and willing to participate with informed
consent.

Exclusion criteria: Patients with a history of knee injury, knee injections in the past three months,
heel pain, sensory disorders, acute inflammation, or severe comorbidities such as uncontrolled
hypertension or heart failure.

Dropout criteria: Subjects who withdraw, do not adhere to the protocol, or experience complications
such as chest pain or breathlessness during exercise.

Research Variables
Independent variables: TENS, strengthening exercises, and uphill treadmill exercise.

Dependent variable: Maximum oxygen capacity (VO, max), measured using the 6-minute walking
test (6 MWT). Confounding variables: Sex, body weight, height, and excessive movement.

Operational Definitions
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Grade II and III knee OA is defined by clinical, physical, and radiological examinations using the
Kellgren-Lawrence scale. TENS is a modality designed to alleviate pain through electrical stimulation,
utilizing gate control, descending pain control, and endogenous opiate mechanisms. Uphill treadmill
exercise involves walking on an 8° inclined treadmill at 1.1 m/s for 30 minutes per session.
Strengthening exercises include isotonic quadriceps muscle training following a specific protocol.
VO, max is evaluated using the 6-minute walking test (6 MWT), which measures the distance covered
in six minutes on a flat track. Demographic data includes age, sex, and BMI, measured according to
standard procedures.

Instruments

The instruments used included a digital sphygmomanometer (ABN brand), a stethoscope (ABN
brand), a pulse oximeter (Elitech® fox-2), a weighing scale (Onemed), a height measurement tape, a
Q-bench, a stopwatch, a TENS unit, an uphill treadmill (8° incline), a measuring tape, informed
consent forms, data collection sheets, stationery, and a medical emergency Kkit.

Procedure

The study began with patient screening in the Rehabilitation Unit according to the inclusion and
exclusion criteria. Subjects received a pre-intervention briefing to ensure optimal readiness. The
treatment group underwent familiarization with uphill treadmill exercises, while the intervention
was conducted twice weekly for five weeks. Post-evaluation and follow-up (20 days later) utilized
the 6 MWT, and results were recorded for analysis.

Data Analysis

SPSS software was employed for analysis. Normality was assessed using the Shapiro-Wilk test, with
parametric tests employed for data that follow a normal distribution and non-parametric tests for
data that did not follow a normal distribution. Paired t-tests were employed to compare pre-
intervention and post-intervention conditions within groups, while independent t-tests or Wilcoxon-
Mann Whitney tests were employed to compare inter-group differences. A p-value < 0.05 was
considered statistically significant.

RESULTS
Characteristics of Research Subjects

This study was a true experimental research project using a pre-and post-test randomized control
group design conducted at the Outpatient Medical Rehabilitation Unit of RSUD Dr. Soetomo from
August to October 2023. This study obtained ethical clearance from the Ethics Committee of RSUD
Dr. Soetomo, Surabaya (No. 0751 /KEPK/VIII/2023).

The research subjects were separated into a control group, which received standard therapy
consisting of quadriceps-strengthening exercises using a Q-bench and TENS modalities, and a
treatment group, which received standard therapy supplemented with uphill treadmill exercise at an
8-degree incline and a speed of 1.1 m/s for 30 minutes, twice a week, for five weeks. Each group
underwent a total of 10 therapy sessions, with 36 subjects participating (18 subjects in each group).
However, during the study, one subject from each group met the dropout criteria, leaving 17 subjects
in each group for the final analysis.

The primary parameter evaluated was maximal oxygen capacity (VO, max), measured through the
6-minute walking test (6MWT). Measurements were conducted in three stages: initial measurement
(P0O) conducted one day before the first treatment; final measurement (P1) conducted one day after
the final treatment; and follow-up measurement (P2) conducted 20 days after the final treatment.
Before statistical analysis, the subjects' general characteristics were evaluated and are presented in
Table 1 to provide an overview of the demographic distribution and baseline conditions of the study
participants. This study aims to compare the effectiveness of therapy between the two groups in
improving VO, max.

Table 1. Characteristics of Research Participants
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No. | Characteristic g(lnit;%Group :rle;l)tment Group (n p-value
1. Age (years) 54.59 + 2.98 55.35+2.96 0.92
2 Sex

Male 3 (17.6%) 2 (11.7%)

Female 14 (82.4%) 15 (88.3%)
3 OA Severity

Grade II 13 (76.5%) 14 (82.4%)

Grade 111 4 (23.5%) 3 (17.6%)
4. Involved Knee

Unilateral 9 (52.9%) 8 (47.1%)

Bilateral 8 (47.1%) 9 (52.9%)
5. Weight (kg) 66.82 £ 11.34 64.18 + 9.41 0.30
6. Height (cm) 160.35 +9.17 156.94 * 6.65 0.20
7. BMI (kg/m2) 25.87 £ 2.80 25.94 + 2.47 0.40
8. VO, max (P0O) | 9.93+3.58 9.39 +£2.87 0.38

(ml/kg/minute)

Note: The values for age, height, weight, BMI, and VO, max (PO0) are presented as mean # standard deviation,
while the values for sex and OA severity are presented as percentages. The p-value represents homogeneity,
with p considered significant if p < 0.05.

Table 1 reveals that the mean age of the research subjects in the control group was 54.9 * 2.98 years
(range: 50-59 years), while in the treatment group, it was 55.35 * 2.96 years, with the same range.
Both groups demonstrated age homogeneity (p = 0.92). In terms of sex distribution, the control group
consisted of 3 males (17.6%) and 14 females (82.4%), while the treatment group consisted of 2 males
(11.7%) and 15 females (88.3%). In terms of OA severity in the control group, 13 patients had grade
II OA (76.5%), and 4 had grade III OA (23.5%). In the treatment group, there were 14 patients with
grade II OA (82.4%) and 3 patients with grade III OA (17.6%). The distribution of unilateral and
bilateral OA in the control group was 9 patients (52.9%) and 8 patients (47.1%), respectively, while
in the treatment group, it was 8 patients (47.1%) and 9 patients (52.9%). The mean weight in the
control group was 66.82 * 11.34 kg (range: 52-89 kg), while in the treatment group, it was 64.18 *
9.41 kg (range: 48-78 kg; p = 0.30). The mean height in the control group was 160.35 + 9.17 cm
(range: 145-177 cm), while in the treatment group, it was 156.94 * 6.65 cm (range: 145-169 cm; p
= 0.20). The mean BMI in the control group was 25.87 + 2.80 kg/m? (range: 20.57-29.64 kg/m?),
while in the treatment group, it was 25.94 + 2.47 kg/m? (range: 21.23-29.55 kg/m?; p = 0.40). The
mean initial VO, max (P0O) in the control group was 9.93 * 3.58 ml/kg/min (range: 6.20-14.23
ml/kg/min), while in the treatment group, it was 9.39 * 2.87 ml/kg/min (range: 6.79-12.97
ml/kg/min). Both groups demonstrated initial VO, max homogeneity (p = 0.38).

Table 2. Normality of Variables

Control Group Treatment Group

Variable Name p-value | Variable Name p-value
Age 0.159 Age 0.258
Body Weight (BW) 0.525 Body Weight (BW) 0.327
Body Height (BH) 0.556 Body Height (BH) 0.231
BMI 0.074 BMI 0.059
Initial VO, Max (P0) 0.454 Initial VO, Max (P0) 0.204
Final VO, Max (P1) 0.076 Final VO, Max (P1) 0.074
Follow-up VO, Max(P2) 0.251 Follow-up VO, Max(P2) 0.064

Note: VO, max; The p-value represents the normality test, with p considered significant if p < 0.05.

The normality test results suggest that the baseline variables for both groups before and after the
intervention followed a normal distribution. Therefore, homogeneity analysis for each variable was
performed using parametric tests, including the independent sample t-test for interval and ratio scale
data and the exact Monte Carlo test for other data.
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Assessment of Maximum Oxygen Capacity (VO, max) in the Two Groups

VO, max measurements in the control and treatment groups were conducted three times: one day
before the first treatment (P0), one day after the final treatment (P1), and 20 days after the final
treatment (P2). The normality test using the Shapiro-Wilk test indicated that the data followed a
normal distribution, allowing the use of the paired t-test for parametric analysis. However, data that
were not normally distributed (paired with initial VO, max) were analyzed using the Wilcoxon Signed
Rank Test. In the control group, the paired t-test results indicated that VO, max significantly
increased from the initial to the final measurements (p < 0.01) and from the initial to the follow-up
measurements (p < 0.01). However, no significant increase was found from the final to the follow-up
measurements (p = 0.59). In the treatment group, VO, max increased significantly at all measurement
points: from the initial to the final measurements (p < 0.01), from the initial to the follow-up
measurements (p < 0.01), and from the final to the follow-up measurements (p < 0.01). The detailed
results of the measurements are presented in Table 3.

Table 3. VO, max Measurements in the Two Groups

Control Group | p-value Treatment p-value
Group

PO VO, Max 9.93 +3.58 Pair P0-1 9.39 +2.87 Pair P0-1
(ml/kg/minute) <0.01* <0.01*
P1 VO, Max 13.33+2.19 15.10 + 1.77
(ml/kg/minute) Pair P1-2 Pair P1-2

=0.59 <0.01*
P2 VO, Max 13.22 +2.27 16.12+1.85
(ml/kg/minute) Pair PO-2 Pair PO-2

<0.01* <0.01*
PO VO, Max 9.93 +3.58 9.39 +2.87
(ml/kg/minute)

Note: PO = Initial measurement one day before the first treatment; P1 = Final measurement one day after the
final treatment; P2 = Follow-up measurement 20 days after the final treatment. The values for VO, max are
presented as mean * SD; a p-value is considered significant if p < 0.05.

Comparison of VO, max Between the Groups

The analysis results (Table 4) present the mean VO, max values during the measurements, compared
using various statistical methods. The Shapiro-Wilk normality test results indicated that the data
followed a normal distribution, allowing the use of the independent t-test to evaluate the VO, max
values. For data with non-normal distribution, the Wilcoxon-Mann Whitney test was applied.

At PO (p =0.03; Cohen’s D = 0.79), statistical analysis revealed that the initial VO, max values of both
groups were homogeneous (not significant) with p = 0.38 and Cohen’s D = 0.25. However, the
addition of uphill treadmill exercise to the treatment group revealed a significant effect compared to
the control group at P1 (p = 0.01; Cohen’s D = 0.89) and P2 (p < 0.01; Cohen’s D = 1.39). Furthermore,
statistical tests comparing the differences in VO, max values at each measurement endpoint revealed
significant results at APO1 (p < 0.01; Cohen’s D = 1.22), APO2 (p < 0.01; Cohen’s D = 1.89), and AP12
(p <0.01; Cohen’s D = 1.36).

Table 4. Comparison of VO, Max and VO, Max Differences in the Control and Treatment Groups

i Control Group Treatment Group (n Cohen’s D
Characteristic (n=17) =17) p-value
PO VO, Max | 9.93 +3.58 9.39+287 0.38 0.25
(ml/kg/minute)
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P1 VO, Max | 13.33 + 2.19 15.10 + 1.77 0.01* 0.89
(ml/kg/minute)

p2 VO, Max | 13.22 + 2.27 16.12 +1.85 <0.01* 1.39
(ml/kg/minute)

AP0O1 (ml/kg/minute) 3.41+2.28 5.71+2.28 <0.01* 1.22
AP02 (ml/kg/minute) 3.29+1.49 6.72 +2.08 <0.01* 1.89
AP12 (ml/kg/minute) -0.11 +0.83 1.01 +2.28 <0.01* 1.36

Note: PO VO, Max = Initial measurement one day before the first treatment; P1 VO, Max = Final measurement
one day after the final treatment; P2 VO, Max = Follow-up measurement 20 days after the final treatment.
The p-value represents the result of the t-test, and a p-value of less than 0.05 is considered significant.

Adverse Event

One subject from the control group reported experiencing back pain after completing seven exercise
sessions and chose to withdraw from the study. Prior to reporting the issue to the researchers, the
subject consulted with a neurologist and received treatment, including Gabapentin, Sodium
Diclofenac, and Diazepam. The subject also underwent a lumbosacral X-ray, with the results received
approximately three days after withdrawal, revealing a diagnosis of lumbar spondylosis. The
researchers ensured the subject received proper exercise guidance to alleviate the discomfort. More
details about the adverse events can be found in the Appendix.

Table 5. Adverse Event in the Study Subjects

Control (n =17) Treatment (n = 17)
Back pain 1(5.8%) 0 (0%)

DISCUSSION
Characteristics of the Study Subjects

The subjects’ age distribution in this research was comparable to that reported by Sedaghatnezhad
etal. (2019b) in patients with knee OA, with a mean age of 59.6 + 7.43 years in the control group and
53.8 + 7.43 years in the treatment group (Sedaghatnezhad et al., 2019). Most subjects were in the 55-
59 age range, where knee OA damage is typically still in the early stages, and medical rehabilitation
is more effective (Tuna et al., 2022). Knee OA demonstrates a rapidly increasing prevalence in the
55-64 age range, with radiographic changes such as osteophytes commonly occurring (Shane
Anderson and Loeser, 2010). Age-related VO, max decline is also a major concern, with an annual
decline ranging from 0.35 to 0.62 ml/kg/min in females, depending on physical activity levels (Brown
etal, 2000; Fitzgerald & Oatis, 2004; Wilson & Tanaka, 2000). Contributing factors include a decline
in maximum heart rate, blood volume, peripheral oxygen extraction, and sarcopenia, which becomes
significant after age 50 (Kim et al.,, 2018). This study also found a predominance of female subjects,
consistent with previous research identifying the female sex, obesity, and age as major risk factors
for knee OA (Sedaghatnezhad et al.,, 2019; Tschon et al,, 2021). Obesity increases the risk of OA
through excessive joint loading, biomechanical changes, and hormonal dysregulation; therefore,
weight loss can significantly improve clinical symptoms (King et al., 2013; Oyeyemi & Bakare, 2013).
In this study, both groups had similar mean weight, height, and BMI, with the exclusion of grade 2
obesity (BMI = 30 kg/m?). The initial VO, max values in both groups were also similar and lower than
those of healthy populations, as seen in previous studies (Hasan & Pane, 2022). The decline in VO,
max in knee OA is linked to decreased mobility, pain, joint stiffness, and weakened quadriceps
strength (Zeng et al, 2021). Light-intensity aerobic exercise, whether treadmill-based or
multicomponent, is recommended for pre-seniors to improve fitness and quality of life (Neumann et
al,, 2018). This research highlighted that VO, max capacity is a vital health indicator that can predict
mortality risk in patients with knee OA and monitor walking difficulties (Master et al., 2020; Peel et
al,, 2013).

Discussion of the Treatment Effect on VO, max Values in the Control and Treatment Groups

This study indicated that the administration of standard therapy for 10 sessions over five weeks in
the control group resulted in a VO, max improvement from 9.93 * 3.58 ml/kg/min to 13.33 + 2.19
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ml/kg/min by the end of the study, and it remained stable at 13.22 * 2.27 ml/kg/min after a 20-day
follow-up. Pietrosimone et al. (2020) reported similar results, where standard physical therapy for
eight weeks improved quadriceps strength, voluntary activation, physical function, and VO, max,
although additional TENS did not lead to significant improvements. The reduction of pain and
strengthening of the quadriceps, which act as pain modulators and joint protectors, were important
factors in improving VO, max (Bokaeian et al., 2018; Imoto et al., 2012). Knee effusion in OA can lead
to spinal reflex inhibition and reduced voluntary activation of the quadriceps, but increasing this
activation is directly related to improved physical function and VO, max (Mizner et al., 2005;
Palmieri-Smith et al, 2013). In the treatment group, the addition of uphill treadmill exercise
increased VO, max from 9.39 * 2.87 ml/kg/min to 15.10 * 1.77 ml/kg/min by the end of the study
and 16.12 + 1.85 ml/kg/min at follow-up, indicating significant improvement compared to the
control group. This exercise improved shortened knee flexors, reduced pain, and enhanced balance
and flexibility in the lower extremity muscles (Samaei et al., 2017; Sedaghatnezhad et al., 2019). The
biomechanical advantages of uphill treadmill walking, including the reduction of patellofemoral joint
compression forces and knee degeneration, support knee OA rehabilitation, with the best results at
inclines greater than 12% (Lange et al.,, 1996). Additionally, improved balance and dynamic postural
control gained from uphill treadmill walking contributed to VO, max and endurance enhancement.
The combination of muscle strengthening, pain reduction, and biomechanical improvements makes
this method effective for managing knee OA.

Comparison of VO, Max Values Between the Groups

The results of this study revealed that the VO, max values of the treatment group at the end of the
study and after the 20-day follow-up improved greater than those of the control group.
Sedaghatnezhad et al. (2019a, 2019b) found similar results, which indicated that the combination of
standard therapy and uphill treadmill exercise improved quality of life, joint range of motion, stride
length, VO, max, and pain perception in patients with knee OA. This research differs from previous
studies in the intensity and duration of standard therapy. Earlier studies used higher intensity but
shorter durations, such as 10 sessions over two weeks, which were insufficient to improve all study
parameters (Sedaghatnezhad et al,, 2019). In contrast, the 10 sessions over five weeks in this study
were more effective, indicating that more than four weeks are needed for optimal physical therapy
benefits in knee OA (Fitzgerald & Oatis, 2004). The addition of uphill treadmill exercise also provided
additional benefits, such as decreased gastrocnemius and soleus stiffness, improved flexibility, and
strengthened lower extremity muscles, especially the quadriceps, which significantly improved VO,
max (Franz & Kram, 2013; Jeon & Hwang, 2018; Whitehead et al., 2007). Additionally, the results
indicated that patients with unilateral OA tend to experience biomechanical knee asymmetry,
whereas bilateral OA tends to be more symmetrical, although the mean walking speed was similar in
both groups (Creaby etal., 2012; Messier et al., 2021). This suggests that more focused biomechanical
management could enhance the effectiveness of physical therapy interventions for knee OA.

Study Findings: Implications and Recommendations

This is the first study at RSUD Dr. Soetomo, Surabaya, that compares standard therapy with added
uphill treadmill exercise over five weeks to improve VO, max in patients with knee OA. These findings
indicated that both therapies improved VO, max, which was maintained up to 20 days after training,
with the group receiving the added uphill treadmill exercise demonstrating more significant
improvements in knee OA patients with grade II-1II OA. Additionally, during the training period, only
one case of mild adverse event, specifically lower back pain, was reported in the control group, while
the treatment group did not experience side effects, suggesting that both therapies could be
recommended for similar populations. However, this study had several limitations, such as the lack
of pre-intervention muscle strength and mass measurements and the brief duration of training and
follow-up, meaning the long-term effects of this training on VO, max could not be assessed. Future
studies are recommended to include muscle strength and mass measurements and extend the
duration of both intervention and follow-up periods to explore the long-term benefits of exercise on
VO, max values in knee osteoarthritis patients.
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CONCLUSION

The administration of TENS and quadriceps-strengthening exercises for five weeks successfully
increased VO, max in patients with grade II-1II knee osteoarthritis, with results maintained for 20
days after the last training session. The combination of TENS, quadriceps-strengthening exercises,
and uphill treadmill exercise provided additional benefits, resulting in more significant
improvements in VO, max based on post-training and follow-up measurements. Overall, exercise
with added uphill treadmill walking yielded better results in improving VO, max compared to
standard therapy alone.

ACKNOWLEDGMENTS

The work on which this report/article is based was previously presented at RSUD Dr. Soetomo and
Universitas Airlangga, Surabaya, Indonesia, on May 17, 2024. We thank all the volunteers who
participated in this study, as well as the staff at RSUD Dr. Soetomo and Universitas Airlangga, for their
administrative support and assistance with enrolling the study participants. However, we are solely
responsible for the content and any remaining errors, omissions, or inaccuracies.

FUNDING

No funding source was involved in the design or conduct of the research or the preparation of the
manuscript. The analyses and opinions expressed are those of the authors alone.

DISCLOSURE
The authors have declared that they have no conflicts of interest regarding this study.
AUTHOR’S CONTRIBUTION

AK.: Study design, data collection, statistical analysis, manuscript preparation; A.: Study design,
statistical analysis, manuscript preparation; A.K.N.: Study design, statistical analysis, manuscript
preparation.

REFERENCES

Al-Zageba, M. A. A, & Basheti, I. A. (2024). Measurement Problems in Interest-Free Financial
Instruments. Pakistan Journal of Life and Social Sciences, 22(1), 5558-5575.

Barbour KE, CG Helmick, M Boring and T] Brady, 2017. Vital Signs: Prevalence of Doctor-Diagnosed
Arthritis and Arthritis-Attributable Activity Limitation - United States, 2013-2015. MMWR
Morb Mortal Wkly Rep, 66: 246-253.

Bokaeian HR, AH Bakhtiary, M Mirmohammadkhani and ] Moghimi, 2018. Quadriceps strengthening
exercises may not change pain and function in knee osteoarthritis. ] Bodyw Mov Ther, 22:
528-533.

Brown M, DR Sinacore, AA Ehsani, EF Binder, JO Holloszy and WM Kohrt, 2000. Low-intensity
exercise as a modifier of physical frailty in older adults. Arch Phys Med Rehabil, 81: 960-965.

Creaby MW, KL Bennell and MA Hunt, 2012. Gait differs between unilateral and bilateral knee
osteoarthritis. Arch Phys Med Rehabil, 93: 822-827.

Fisher NM, SC White, H] Yack, R] Smolinski and DR Pendergast, 1997. Muscle function and gait in
patients with knee osteoarthritis before and after muscle rehabilitation. Disabil Rehabil, 19:
47-55.

Fitzgerald GK and C Oatis, 2004. Role of physical therapy in management of knee osteoarthritis. Curr
Opin Rheumatol, 16: 143-147.

Franz JR and R Kram, 2013. Advanced age affects the individual leg mechanics of level, uphill, and
downbhill walking. ] Biomech, 46: 535-540.

Gannon L, 2002. A critique of evolutionary psychology. Psychology, Evolution & Gender, 4: 173-218.

Hasan H and RV Pane, 2022. Physical Fitness Is Correlated with Quality of Life among Elderly
Gymnastics Club from Haji General Hospital Surabaya, Indonesia. Althea Medical Journal, 9:
5.

3854



Kadarusman et al. Effect of Uphill Treadmill Exercise on VO, Max in Patients with Knee Osteoarthritis

Imoto AM, MS Peccin and VFT Girl, 2012. Quadriceps strengthening exercises are effective in
improving pain, function and quality of life in patients with knee osteoarthritis. Acta Ortop
Bras, 20

Jam, F. A, Sheikh, R. A, Igbal, H., Zaidi, B. H., Anis, Y., & Muzaffar, M. (2011). Combined effects of
perception of politics and political skill on employee job outcomes. African Journal of Business
Management, 5(23), 9896-9904.

Jeon HJ and BY Hwang, 2018. Effect of bilateral lower limb strengthening exercise on balance and
walking in hemiparetic patients after stroke: a randomized controlled trial. ] Phys Ther Sci,
30:277-281.

Kim JR, J] Yoo and HA Kim, 2018. Therapeutics in Osteoarthritis Based on an Understanding of Its
Molecular Pathogenesis. Int ] Mol Sci, 19

King LK, L. March and A Anandacoomarasamy, 2013. Obesity & osteoarthritis. Indian ] Med Res, 138:
185-193.

Lange GW, RA Hintermeister, T Schlegel, C] Dillman and JR Steadman, 1996. Electromyographic and
kinematic analysis of graded treadmill walking and the implications for knee rehabilitation. |
Orthop Sports Phys Ther, 23: 294-301.

Master H, T Neogi, LF Callahan, AE Nelson, M LaValley, R] Cleveland, et al,, 2020. The association
between walking speed from short- and standard-distance tests with the risk of all-cause
mortality among adults with radiographic knee osteoarthritis: data from three large United
States cohort studies. Osteoarthritis Cartilage, 28: 1551-1558.

Messier SP, SL Mihalko, DP Beavers, B] Nicklas, P DeVita, ]J] Carr, et al.,, 2021. Effect of High-Intensity
Strength Training on Knee Pain and Knee Joint Compressive Forces Among Adults With Knee
Osteoarthritis: The START Randomized Clinical Trial. Jama, 325: 646-657.

Mizner RL, SC Petterson and L Snyder-Mackler, 2005. Quadriceps strength and the time course of
functional recovery after total knee arthroplasty. ] Orthop Sports Phys Ther, 35: 424-436.

Neumann DL, RL Moffitt, PR Thomas, K Loveday, DP Watling, CL Lombard, et al., 2018. A systematic
review of the application of interactive virtual reality to sport. Virtual Reality, 22: 183-198.

Oyeyemi IT and AA Bakare, 2013. Genotoxic and anti-genotoxic effect of aqueous extracts of Spondias
mombin L., Nymphea lotus L., and Luffa cylindrica L. on Allium cepa root tip cells. Caryologia,
66: 360-367.

Pacifico D, R Visscher, R List, JF Item-Glatthorn, NC Casartelli and NA Maffiuletti, 2020. Discriminant
validity and reproducibility of spatiotemporal and kinetic parameters during treadmill
walking in patients with knee osteoarthritis. Gait Posture, 80: 77-79.

Palmieri-Smith RM, M Villwock, B Downie, G Hecht and R Zernicke, 2013. Pain and effusion and
quadriceps activation and strength. ] Athl Train, 48: 186-191.

Peel NM, SS Kuys and K Klein, 2013. Gait speed as a measure in geriatric assessment in clinical
settings: a systematic review. ] Gerontol A Biol Sci Med Sci, 68: 39-46.

Pietrosimone LS, JT Blackburn, EA Wikstrom, D] Berkoff, SI Docking, ] Cook, et al., 2020. Landing
Biomechanics, But Not Physical Activity, Differ in Young Male Athletes With and Without
Patellar Tendinopathy. ] Orthop Sports Phys Ther, 50: 158-166.

Reichenbach S, P Jiini, CA Hincapié, C Schneider, DN Meli, R Schiirch, et al, 2022. Effect of
transcutaneous electrical nerve stimulation (TENS) on knee pain and physical function in
patients with symptomatic knee osteoarthritis: the ETRELKA randomized clinical trial.
Osteoarthritis Cartilage, 30: 426-435.

Salman LA, G Ahmed, SG Dakin, B Kendrick and A Price, 2023. Osteoarthritis: a narrative review of
molecular approaches to disease management. Arthritis Research & Therapy, 25: 27.

Samaei SE, M Mostafaee, H Jafarpoor and MB Hosseinabadi, 2017. Effects of patient-handling and
individual factors on the prevalence of low back pain among nursing personnel. Work, 56:
551-561.

Sedaghatnezhad P, L. Rahnama, M Shams and N Karimi, 2019. Uphill Walking Effect on the Disability
of Patients With Knee Osteoarthritis %] Physical Treatments - Specific Physical Therapy. 9:
85-96.

3855



Kadarusman et al. Effect of Uphill Treadmill Exercise on VO, Max in Patients with Knee Osteoarthritis

Shane A and Loeser R, 2010. Why is osteoarthritis an age-related disease? - Best Practice & Research;
Clinical Rheumatology. 24(1):15-26

Sharma L, 2021. Osteoarthritis of the Knee. New England Journal of Medicine, 384: 51-59.

Tschon M, D Contartese, S Pagani, V Borsari and M Fini, 2021. Gender and Sex Are Key Determinants
in Osteoarthritis Not Only Confounding Variables. A Systematic Review of Clinical Data. ] Clin
Med, 10

Tuna S, B Celik and N Balci, 2022. The effect of physical therapy and exercise on pain and functional
capacity according to the radiological grade of knee osteoarthritis. ] Back Musculoskelet
Rehabil, 35: 341-346.

Waheed, M., & Jam, F. A. (2010). Teacher’s intention to accept online education: Extended TAM
model. Interdisciplinary Journal of Contemporary Research in Business, 2(5), 330-344.
Whitehead SS, JE Blaney, AP Durbin and BR Murphy, 2007. Prospects for a dengue virus vaccine. Nat

Rev Microbiol, 5: 518-528.
Wilson TM and H Tanaka, 2000. Meta-analysis of the age-associated decline in maximal aerobic
capacity in men: relation to training status. Am ] Physiol Heart Circ Physiol, 278: H829-834.
Zeng CY, ZR Zhang, ZM Tang and FZ Hua, 2021. Benefits and Mechanisms of Exercise Training for
Knee Osteoarthritis. Front Physiol, 12: 794062.

3856



