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Background: A set of physical tests representing typical activities relevant to persons with
knee osteoarthritis (KOA) is recommended by the Osteoarthritis Research Society
International (OARSI). The objective of this study was to designate the cut-off values for
OARSI-recommended performance-based tests to better discriminate disease severity in
patients with KOA.
Methods: As recommended by the OARSI, we conducted the 30-s chair stand test (30-s
CST), 40-m fast-paced walk test (40-m FPWT), stair climb test (SCT), 6-min walk test
(6MWT), and timed up and go test (TUG). To investigate the discriminative power of the
performance test scores using the Kellgren-Lawrence (K-L) grading system, receiver oper-
ating characteristic (ROC) curve analysis was performed. Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) was used to assess self-administered health
status.
Results: Forty-eight patients with bilateral KOA were included this study. The area under
the curves for four of the five performance tests (30-s CST, six-step SCT, 40-m FPWT, and
TUG) had acceptable discrimination (0.753-0.793), while the 6MWT had excellent discrim-
ination (0.860). The stepwise multiple regression analysis demonstrated that 6MWT and
30-s CST were significant and independent determinants of WOMAC score, explaining
48% of the variance (P < 0.001).
Conclusion: The OARSI performance tests can discriminate disease severity in individuals
with KOA. The 6MWT has the highest level of discriminative validity among all. In addition,
despite the correlation between all five tests and the WOMAC score, 6GMWT and 30-s CST
are independent and significant determinants of the WOMAC.
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1. Introduction

Osteoarthritis (OA) is the fourth leading factor contributing to disability [1]. As a common degenerative condition, knee
osteoarthritis (KOA) targets the articular cartilage of the knee with symptoms such as swelling, pain, and functional loss [2].
Being one of the most debilitating conditions, KOA is most commonly linked to reduced ability to walk and climb stairs [3].
Patients exhibit deteriorated gait patterns, resulting in a general decline in function and quality of life [4]. All these elements
work together to create a vicious cycle leading to poor physical performance [5].

The availability of a standardized set of performance-based tests has made it easier to compare treatment results across
studies [6]. A set of physical tests representing typical activities relevant to persons with KOA is recommended by the
Osteoarthritis Research Society International (OARSI). These tests include the 30-s chair stand test (30-s CST), 40-m fast-
paced walk test (40-m FPWT), stair climb test (SCT), 6-min walk test (6MWT), and timed up and go test (TUG). The first three
are recommended as the minimum required set of outcome measures in OA both in clinical and research settings [7]. The
physical tests included in the set recommended by OARSI have been shown to be effective in a variety of conditions ranging
from early- up to severe-stage KOA [5,7]. In addition, the recommended core set can discriminate between controls and indi-
viduals with Kellgren-Lawrence (K-L) grade 0-II KOA [5]. Previous studies have demonstrated that pain severity, muscle
strength, and physical activity levels significantly impact performance-based functional tests in patients with KOA [8-10].
It has been reported that lower quadriceps and hamstring strength is strongly correlated with poorer performance in the
6MWT, TUG, and 30-s CST [10]. Additionally, it is indicated that higher physical activity levels are associated with better per-
formance in gait speed and balance tests, reinforcing the importance of functional assessments in clinical settings [8]. It has
been shown that tests such as TUG, and Step Test can effectively differentiate KOA severity levels, aiding in diagnosis and
treatment planning [11].

Despite the importance of the tests recommended by the OARSI in patients with KOA, we lack evidence on the cut-off
scores for these tests to discriminate disease severity. Therefore, there is a need to determine cut-off scores of the OARSI-
recommended physical tests. By establishing the cut-off scores for these functional tests, clinicians can enhance diagnostic
accuracy, improve patient stratification for treatment, and optimize rehabilitation programmes tailored to specific severity
levels. In this respect, the primary objective of this study was to designate the cut-off values for OARSI-recommended phys-
ical tests to better discriminate disease severity in patients with KOA. Secondarily, we aimed to specify physical predictors of
disease severity in KOA.

2. Materials & methods
2.1. Study design and the participants

To participate in our cross-sectional study, we included individuals who were: (1) above 50 years of age; (2) diagnosed
with bilateral KOA according to radiological and clinical criteria of the American College of Rheumatology (ACR); (3) inde-
pendent community dwellers without any walking aids. Patients with (1) central or peripheral nervous system involvement,
(2) previous knee surgery within the past 6 months, (3) neurological or musculoskeletal disorders that would limit their per-
formance on the tests, and (4) history of systemic arthritic conditions were excluded.

Participants were recruited based on predefined inclusion and exclusion criteria, ensuring that only individuals diagnosed
with KOA were considered for the study. All patients were evaluated by an experienced orthopaedic surgeon, who confirmed
the diagnosis and classified disease severity using the K-L grading system, which is widely used for radiographic assessment.
Each participant underwent a comprehensive clinical and radiological evaluation by same experienced orthopaedic surgeon
to confirm the diagnosis, assess joint stability, and determine disease severity.

Approved by Selcuk University Faculty of Health Sciences Ethics Committee (Report number: 2023/60), the study protocol
was prepared according to the guidelines of the Declaration of Helsinki. Informed consent was signed by all participants.

2.2. Data collection

2.2.1. Demographic and clinic characteristics

Demographic and clinical data of the participants were recorded. Based on recent weight-bearing and bilateral anteropos-
terior tibiofemoral joint X-rays, an experienced specialist graded the disease according to the K-L grading system [12]. In our
analysis, patients were classified based on the K-L grading system into two distinct groups for receiver operating character-
istic curve analysis. Specifically, (1) patients with mild-to-moderate KOA (K-L grades I-II) and (2) patients with moderate-to-
severe KOA (K-L grades III-IV).

We used the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) to assess self-administered
health status. Originally developed for people with OA, the index contains 24 items in three subscales measuring stiffness
(two items), pain (five items), and physical function (17 items) [13]. Validity, reliability, and responsiveness of the Turkish
version of the index for Turkish patients with knee OA is demonstrated in a previous study [14]. Higher WOMAC scores indi-
cate worsening of the symptoms. To provide a conservative estimate of the potential need for arthroplasty, a WOMAC score
of 39 or greater was demonstrated to indicate ‘severe’ arthritis [15].
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2.2.2. Performance-based tests

As recommended by the OARSI, we conducted five performance-based physical tests. No walking aid was used during the
tests. Before and after each test, fatigue and dyspnea (using Borg scale), and haemodynamics (heart rate and SpO,) were eval-
uated. A 5-min rest (or longer, if needed) was given between the tests for recovery. In our study, participants were given
adequate rest periods between tests to minimize the effects of fatigue. To ensure validity, we monitored signs of fatigue
and confirmed that participants could perform all tests with optimal effort. Based on these considerations, we chose to main-
tain a consistent test order rather than randomization, ensuring comparability with existing literature and clinical assess-
ment protocols. All five tests were completed in the following order. (1) TUG test: starting from a sitting position on an
armed chair, the participant stood up, walked 3 m in a comfortable and safe manner, crossed the line, turned, and returned
to the initial position. The time to complete the task was recorded in seconds [16]. (2) 40-m FPWT: the participants walked
as fast as they could on a 10-m walkway, looped around a cone 2 m behind each end, and continued to complete a total of
40 m. The time to complete the task was recorded in seconds [17]. (3) Six-step SCT: although a stair climb test is recom-
mended by the OARSI, the exact number of the stairs is not specified [7]. Studies in the relevant literature use different num-
bers of stairs [5,18]. We asked our participants to climb up and down six stairs (step height: 18 cm) as quickly and safely as
they could. The time to complete the task was recorded in seconds [19]. (4) 30-s CST: starting from a sitting position on
straight-backed chair (seat height: 44 cm) without an armrest, the participants were asked to stand up completely and
sit back down on the chair. The number of repetitions performed in 30 s was documented [20]. (5) 6MWT: as indicated
in the guideline of the American Thoracic Society (ATS), for a period of 6 min the participants walked back and forth along
a 30-m flat walkway with two cones at each end. The total walking distance was recorded in meters [21].

2.3. Sample size

To determine the minimum required sample size for multiple linear regression analysis we used G*Power software (ver-
sion 3.1.9.7; Heinrich Heine University, Diisseldorf, Germany). We referred to the results of a previous study, in which dis-
comfort level during the 6MWT was found as a predictor of WOMAC physical function (R? = 0.17) [22]. According to the
results, we needed a minimum of 41 participants for five determinants in the model (a probability level of 0.05, an antici-
pated effect size of 0.204, and a statistical power level of 80%). Considering 15% dropout rate, we included 48 individuals in
the study.

2.4. Data analysis

To analyse the data, we used the IBM SPSS Statistics for Windows (version 25.0; IBM Corp., Armonk, NY, USA). Analytical
methods (Skewness and Kurtosis tests) and visual (histograms, probability plots) were used to check the normality of data
distribution. Categorical variables were expressed as numbers (percentages) and continuous values as mean * standard
deviation.

To investigate the discriminative power of the performance test scores using K-L grading system (cut-off score > 3), recei-
ver operating characteristic (ROC) curve analysis was performed. The ROC curve was then plotted, and area under the curve
(AUC) values were derived using the trapezoidal rule, ensuring robustness of the analysis. To further improve interpretabil-
ity, we also calculated positive and negative likelihood ratios, which provide additional insights into the discriminatory
power of each test. The AUC was calculated and interpreted as follows: outstanding discrimination if AUC > 0.9, excellent
discrimination if AUC = 0.8-0.9, and acceptable discrimination if AUC = 0.7-0.8 [23]. The optimal cut-off values for each test
were determined using Youden’s index (Sensitivity + Specificity — 1), maximizing the trade-off between sensitivity and
specificity [24]. To further assess the diagnostic accuracy of functional tests, positive likelihood ratio (LR") and negative like-
lihood ratio (LR") values were calculated using the following formulae:

—LR" = Sensitivity / (1 — Specificity)
—LR" = (1 — Sensitivity) | Specificity [25].

To study correlations between WOMAC and five performance tests, we applied Pearson product-moment correlation
coefficients. Additionally, stepwise multiple linear regression analysis was conducted for the identification of variables that
had the largest effect on WOMALC. For the purpose of the study, we also developed a regression equation.

3. Results

Forty-eight participants (mean age = 62.29 years) (83.3% females) completed the study tests. We detected no ceiling or
floor effects for any of the tests. Table 1 represents the demographics and characteristics of the participants.

The AUCs for four of the five performance tests (30-s CST, 6-step SCT, 40-m FPWT, and TUG) had acceptable discrimina-
tion (0.753-0.793), while the 6MWT had excellent discrimination (0.860) (Table 2, Figure 1). The cut-off points of 30-s CST,
6-step SCT, 40-m FPWT, TUG, and 6MWT were 9.5 counts, 11.3 s, 28.0 s, 9.2 s, 375.0 m, respectively, to discriminate disease
severity (Table 2, Figure 1). The 6MWT (LR* = 2.46, LR = 0.23) and 30-s CST (LR* = 2.15, LR = 0.13) demonstrated the stron-
gest ability to classify KOA severity, with low LR values (<0.2), indicating good accuracy in ruling out severe KOA. The TUG
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Table 1
Demographic and characteristic features.
Variables (n = 48) Value
Age (years) 62.29 + 8.72
Female, n (%) 40 (83.3)
Body mass index (kg/m?) 31.80 + 493
Obese > 30 kg/m?, n (%) 29 (60.4)
Overall pain duration > 1 year 36 (75)
WOMAC score 45.90 + 22.17
Kellgren-Lawrence classification, n (%)
I 3(6.3)
| 10 (20.8)
il 28 (58.3)
v 7 (14.6)
Performance-based tests
30-s CST (counts) 9.56 + 2.46
6-step SCT (s) 19.14 + 9.16
40-m FPWT (s) 37.21+£11.40
TUG (s) 11.39 + 3.56
6MWT (m) 373.54 £ 120.13

Values are presented as mean + standard deviation or number (%).
30-s CST, 30-s chair stand test; 40-m FPWT, 40-m fast-paced walk
test; 6BMWT, 6-min walk test; 6-step SCT, six-step stair climb test;
TUG, timed up and go test; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.

Table 2

Cut-off values of performance-based tests to discriminate disease severity.
Tests AUC 95% ClI P Cut-point Sensitivity Specificity Likelihood ratios

(LR" - LR")

30-s CST (counts) 0.793 0.661 ~ 0.926 0.002 * 9.5 0.923 0.571 2.15-0.13
6-step SCT (s) 0.784 0.624 ~ 0.943 0.003 * 113 0.943 0.538 2.04-0.11
40-m FPWT (s) 0.762 0.600 ~ 0.923 0.006 * 28.0 0.943 0.538 2.04-0.11
TUG (s) 0.753 0.608 ~ 0.898 0.008 * 9.2 0.771 0.615 2.00-0.37
6MWT (m) 0.860 0.741 ~ 0.979 <0.001 * 375.0 0.846 0.657 2.46-0.23

30-s CST, 30-s chair stand test; 40-m FPWT, 40-m fast-paced walk test; 6MWT, 6-min walk test; 6-step SCT, six-step stair climb test; AUC, area under the
curve; CI, confidence interval; TUG, timed up and go test.

" P<0.05.
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Figure 1. Results of the receiver operating curve analysis for performance tests to discriminate disease severity. 30 s-CST, 30-s chair stand test; 40 m FPWT,
40-m fast-paced walk test; 6MWT, 6-min walk test; 6-step SCT, six-step stair climb test; TUG, timed up and go test.

test (LR* = 2.00, LR™ = 0.37) showed moderate discriminatory power but was less effective in ruling out severe KOA. The 6-
step SCT and 40-m FPWT (both LR* = 2.04, LR" = 0.11) provided moderate classification accuracy. These results suggest that
6MWT is the most effective tests for differentiating KOA severity (Table 2).

The WOMAC score was significantly correlated with 30-s CST (r = —0.451), 6-step SCT (r = 0.550), 40-m FPWT (r = 0.486),
TUG (r = 0.557), and 6MWT (r = -0.653) (P < 0.05; Table 3). The stepwise multiple regression analysis demonstrated that
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Table 3

Correlations between the Western Ontario and
McMaster Universities Osteoarthritis Index
(WOMAC) score and performance-based tests.

Variable r P

30-s CST (counts) -0.451 0.001
6-step SCT (s) 0.550 <0.001
40-m FPWT (s) 0.486 <0.001
TUG (s) 0.557 <0.001
6MWT (m) -0.653 <0.001

30-s CST, 30-s chair stand test; 40-m FPWT,
40-m fast-paced walk test; 6MWT, 6-min walk
test; 6-step SCT, six-step stair climb test; r,
Pearson correlation coefficient; TUG, timed up
and go test. Significant P-values are present in
bold.

6MWT and 30-s CST were significant and independent determinants of WOMAC score, explaining 48% of the variance
(P <0.001) (Table 4). Below is the regression equation:

WOMAC score = 110.33 + (- 0.105 x 6MWT) + (- 2.61 x 30-s CST)

4. Discussion

The main finding of the study suggests that the OARSI-recommended performance tests can discriminate disease severity
in individuals with KOA. Among these tests, the 6MWT had the highest discriminative validity level. Although all five tests
were related to the WOMAC score, 6MWT and 30-s CST were independent and significant determinants of the WOMAC.

Through a comprehensive review of the relevant literature and consensus, the OARSI-recommended five performance-
based tests to be used both as outcome measures in research, and in clinical settings for decision-making purposes and mon-
itoring functionality over time [7]. We used the K-L grading system to determine disease severity and the OARSI-
recommended performance tests to discriminate disease severity. The K-L grading system is a frequently method of classi-
fying the severity of KOA [26].

Performance-based measures provide insight into functional status of individuals with KOA that cannot be captured via
self-report tools [27]. Compared with their age-matched healthy counterparts, individuals with KOA report significant phys-
ical performance impairments in key activities such as walking, stair climbing, and balance [28]. Mehta et al. demonstrated
that functional mobility, gait speed, and physical performance have good discriminant validity in patients with advanced
KOA [28]. A previous study demonstrated that the OARSI-recommended tests can highly discriminate between individuals
with K-L grade 0-11 KOA and healthy controls [5]. We found that this set of tests can discriminate disease severity in patients
with KOA. Among all, the 6MWT has the highest level of discriminant validity. According to our results, the cut-off points of
9.5 counts for 30-s CST, 11.3 s for 6-step SCT, 28.0 s for 40-m FPWT, 9.2 s for TUG, and 375.0 m for 6MWT are indicators of
severe disease in patients with KOA. A previous study has reported the cut-off scores for the OARSI-recommended tests
between patients and controls [5]. Pirayeh et al. [11] demonstrated that the TUG test and other functional measures effec-
tively discriminated between mild and moderate-to-severe KOA based on K-L grading. Similarly, our study classified patients
into K-L I-II and K-L III-1V groups and confirmed the discriminative ability of performance-based tests using ROC analysis.
While both studies highlight the value of functional measures in assessing OA severity, our study provides additional cut-off
values, further supporting their clinical utility. However, a key distinction in our study is the specific inclusion of additional
performance-based functional tests and their respective cut-off values for disease severity classification. This comparison
supports the notion that functional measures, including the TUG test, play a crucial role in stratifying OA severity levels
and aiding clinical decision-making.

It is reported that in patients with total knee arthroplasty objective performance-based physical function is correlated
with WOMAC score [29]. Additionally, the WOMAC-Function score has an inverse correlation with stride length and gait

Table 4

Stepwise multiple linear regression model of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score.
Variable B SE Beta P
Constant 110.33 10.53 - <0.001
6MWT (m) -0.105 0.020 -0.571 <0.001
30-s CST (counts) - 261 0.98 -0.291 0.011

Summary of model: R = 0.71, R? = 0.50, adjusted R? = 0.48 (P < 0.001). B, unstandardized regression coefficient; SE, standard error; 6MWT, 6-min walk test;
30-s CST, 30-s chair stand test. Significant P-values are represented in bold.
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velocity [30]. The BMWT test is reported to have a correlation with symptoms and functional status in patient with KOA [31].
Similarly, we concluded that all performance tests were related to the WOMAC score. Our results also showed that 6MWT
and 30-s CST were significant and independent determinants of the WOMAC. This may suggest that disease severity can be
higher in KOA patients with exercise-intolerance and leg muscle weakness.

The results of our study suggest that performance-based functional tests can serve as valuable tools for assessing physical
function in patients with KOA and differentiating between disease severity levels. Additionally, our findings reinforce the
importance of integrating both self-reported and performance-based assessments in routine clinical practice, as functional
limitations assessed objectively may not always align with patient perceptions. This comprehensive approach may improve
personalized treatment plans and enhance patient outcomes. By identifying cut-off values for these tests, clinicians can
detect early functional decline, allowing for timely intervention with physical therapy or exercise programmes. They can also
stratify patients for treatment planning, ensuring appropriate rehabilitation approaches based on severity. Additionally,
these tests can aid in surgical decision-making, as functional limitations are key indicators for total knee arthroplasty.

The following limitations need to be considered while interpreting the results of this study. First, although we included
more individuals than minimum required, highest concentration of the participants was in K-L grade II and IIl. Additionally,
the sample size was relatively small, which may limit the generalizability of our findings. While previous research has shown
that moderate sample sizes can still provide meaningful discriminatory results [32], a larger cohort would enhance statistical
power and improve the precision of cut-off scores for functional tests. Lack of a gender- and age-matched healthy control
group, which could provide a deeper insight, is the second limitation. Third, as 83% of our participants were women, gener-
alizability of the study findings to men remains in doubt. Potential reasons behind the unequal number of participants per
gender could be using a convenience sample, or a reflection of higher risk of KOA in females [33].

5. Conclusion

In summary, it can be concluded that the OARSI performance tests can discriminate disease severity in individuals with
KOA. The 6MWT has the highest level of discriminative validity among all. In addition, despite the correlation between all
five tests and the WOMAC score, 6MWT and 30-s CST are independent and significant determinants of the WOMAC.

CRediT authorship contribution statement

Gulsah Ozsoy: Writing - review & editing, Writing - original draft, Visualization, Supervision, Methodology, Investiga-
tion, Funding acquisition, Formal analysis, Data curation, Conceptualization. Muhammed Ihsan Kodak: Writing - original
draft, Supervision, Methodology, Investigation, Formal analysis, Data curation, Conceptualization. Caner Kararti: Writing
- review & editing, Software, Resources, Methodology, Investigation, Funding acquisition, Formal analysis, Conceptualiza-
tion. Fatih Ozyurt: Writing - original draft, Supervision, Software, Investigation, Funding acquisition, Data curation, Concep-
tualization. Seyde Busra Kodak: Writing - original draft, Methodology, Investigation, Formal analysis, Conceptualization.
Basak Cigdem Karacay: Writing - original draft, Software, Methodology, Investigation, Funding acquisition, Data curation,
Conceptualization. Ismail Ozsoy: Writing - review & editing, Writing - original draft, Supervision, Methodology, Investiga-
tion, Funding acquisition, Formal analysis, Data curation, Conceptualization.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgements
The authors would like to express their gratitude to the patients who participated in this study.

References

[1] Fransen M, Bridgett L, March L, Hoy D, Penserga E, Brooks P. The epidemiology of osteoarthritis in Asia. Int ] Rheum Dis 2011;14:113-21. doi: https://
doi.org/10.1111/.1756-185X.2011.01608.x.

[2] Hunter DJ, Bierma-Zeinstra S. Osteoarthritis Lancet 2019;393:1745-59. doi: https://doi.org/10.1016/s0140-6736(19)30417-9.

[3] Hensor EM, Dube B, Kingsbury SR, Tennant A, Conaghan PG. Toward a clinical definition of early osteoarthritis: Onset of patient-reported knee pain
begins on stairs. Data from the osteoarthritis initiative. Arthritis Care Res (Hoboken) 2015; 67: 40-7. doi: 10.1002/acr.22418.

[4] Rejeski W], Ettinger Jr WH, Schumaker S, James P, Burns R, Elam ]JT. Assessing performance-related disability in patients with knee osteoarthritis.
Osteoarthritis Cartilage 1995;3:157-67. doi: https://doi.org/10.1016/s1063-4584(05)80050-0.

184


https://doi.org/10.1111/j.1756-185X.2011.01608.x
https://doi.org/10.1111/j.1756-185X.2011.01608.x
https://doi.org/10.1016/s0140-6736(19)30417-9
https://doi.org/10.1016/s1063-4584(05)80050-0

G. Ozsoy, M.L. Kodak, C. Kararti et al. The Knee 55 (2025) 179-185

[5] Lee SH, Kao CC, Liang HW, Wu HT. Validity of the Osteoarthritis Research Society International (OARSI) recommended performance-based tests of
physical function in individuals with symptomatic Kellgren and Lawrence grade 0-2 knee osteoarthritis. BMC Musculoskelet Disord 2022;23:1040.
doi: https://doi.org/10.1186/s12891-022-06012-2.

[6] Dobson F, Hinman RS, Hall M, Marshall CJ, Sayer T, Anderson C, et al. Reliability and measurement error of the Osteoarthritis Research Society
International (OARSI) recommended performance-based tests of physical function in people with hip and knee osteoarthritis. Osteoarthritis Cartilage
2017;25:1792-6. doi: https://doi.org/10.1016/j.joca.2017.06.006.

[7] Dobson F, Hinman RS, Roos EM, Abbott JH, Stratford P, Davis AM, et al. OARSI recommended performance-based tests to assess physical function in
people diagnosed with hip or knee osteoarthritis. Osteoarthritis Cartilage 2013;21:1042-52. doi: https://doi.org/10.1016/j.joca.2013.05.002.

[8] Dunlop DD, Song ], Semanik PA, Sharma L, Chang RW. Physical activity levels and functional performance in the osteoarthritis initiative: A graded
relationship. Arthritis Rheum 2011;63:127-36. doi: https://doi.org/10.1002/art.27760.

[9] Sabirli F, Paker N, Bugdayci D. The relationship between Knee Injury and Osteoarthritis Outcome Score (KOOS) and Timed Up and Go test in patients
with symptomatic knee osteoarthritis. Rheumatol Int 2013;33:2691-4. doi: https://doi.org/10.1007/s00296-012-2512-3.

[10] Gkrilias P, Tsepis E, Kokkalis Z, Panagiotopoulos E, Megas P. The relationship between isokinetic strength and functional performance tests in patients
with knee osteoarthritis. ] Phys Ther Sci 2018;30:888-91. doi: https://doi.org/10.1589/ipts.30.888.

[11] Pirayeh N, Shaterzadeh Yazdi M, Negahban H, Mehravar M, Mostafaee N. Discriminative ability of functional measures in knee osteoarthritis patients
classified based on radiographic severity. Muscles Ligaments Tendons J 2021;11:128-35.

[12] Kohn MD, Sassoon AA, Fernando ND. Classifications in brief: Kellgren-Lawrence classification of osteoarthritis. Clin Orthop Relat Res
2016;474:1886-93. doi: https://doi.org/10.1007/s11999-016-4732-4,

[13] Bellamy N, Buchanan WW, Goldsmith CH, Campbell ], Stitt LW. Validation study of WOMAC: A health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of the hip or knee. ] Rheumatol 1988;15:1833-40.

[14] Tiziin EH, Eker L, Aytar A, Daskapan A, Bayramoglu M. Acceptability, reliability, validity and responsiveness of the Turkish version of WOMAC
osteoarthritis index. Osteoarthritis Cartilage 2005;13:28-33. doi: https://doi.org/10.1016/i.joca.2004.10.010.

[15] Hawker GA, Wright ]G, Coyte PC, Williams ]I, Harvey B, Glazier R, et al. Differences between men and women in the rate of use of hip and knee
arthroplasty. N Engl ] Med 2000;342:1016-22. doi: https://doi.org/10.1056/nejm200004063421405.

[16] Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional mobility for frail elderly persons. ] Am Geriatr Soc 1991;39:142-8. doi:
https://doi.org/10.1111/j.1532-5415.1991.tb01616.X.

[17] Wright AA, Cook CE, Baxter GD, Dockerty D, Abbott JH. A comparison of 3 methodological approaches to defining major clinically important
improvement of 4 performance measures in patients with hip osteoarthritis. ] Orthop Sports Phys Ther 2011;41:319-27. doi: https://doi.org/10.2519/
jospt.2011.3515.

[18] Mostafaee N, Rashidi F, Negahban H, Ebrahimzadeh MH. Responsiveness and minimal important changes of the OARSI core set of performance-based
measures in patients with knee osteoarthritis following physiotherapy intervention. Physiother Theory Pract 2024;40:1028-39. doi: https://doi.org/
10.1080/09593985.2022.2143253,

[19] Kennedy DM, Stratford PW, Wessel ], Gollish JD, Penney D. Assessing stability and change of four performance measures: A longitudinal study
evaluating outcome following total hip and knee arthroplasty. BMC Musculoskelet Disord 2005;6:3. doi: https://doi.org/10.1186/1471-2474-6-3.

[20] Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in community-residing older adults. Res Q Exerc Sport
1999;70:113-9. doi: https://doi.org/10.1080/02701367.1999.10608028.

[21] ATS statement: Guidelines for the six-minute walk test. Am ] Respir Crit Care Med 2002; 166: 111-7. doi: 10.1164/ajrccm.166.1.at1102.

[22] Wideman TH, Edwards RR, Finan PH, Haythornthwaite JA, Smith MT. Comparing the predictive value of task performance and task-specific sensitivity
during physical function testing among people with knee osteoarthritis. ] Orthop Sports Phys Ther 2016;46:346-56. doi: https://doi.org/10.2519/
Jospt.2016.6311.

[23] Mandrekar JN. Receiver operating characteristic curve in diagnostic test assessment. ] Thorac Oncol 2010;5:1315-6. doi: https://doi.org/10.1097/
TO.0b013e3181ec173d.

[24] Schisterman EF, Perkins NJ, Liu A, Bondell H. Optimal cut-point and its corresponding Youden Index to discriminate individuals using pooled blood
samples. Epidemiology 2005;16:73-81. doi: https://doi.org/10.1097/01.ede.0000147512.81966.ba.

[25] McGee S. Simplifying likelihood ratios. J Gen Intern Med 2002;17:646-9. doi: https://doi.org/10.1046/j.1525-1497.2002.10750.X.

[26] Schiphof D, Boers M, Bierma-Zeinstra SM. Differences in descriptions of Kellgren and Lawrence grades of knee osteoarthritis. Ann Rheum Dis
2008;67:1034-6. doi: https://doi.org/10.1136/ard.2007.079020.

[27] Stratford PW, Kennedy DM. Performance measures were necessary to obtain a complete picture of osteoarthritic patients. ] Clin Epidemiol
2006;59:160-7. doi: https://doi.org/10.1016/j.jclinepi.2005.07.012.

[28] Mehta SP, Morelli N, Prevatte C, White D, Oliashirazi A. Validation of physical performance tests in individuals with advanced knee osteoarthritis. HSS J
2019;15:261-8. doi: https://doi.org/10.1007/s11420-019-09702-1.

[29] Choi JH, Kim BR, Kim SR, Nam KW, Lee SY, Kim WSB, et al. Physical performance correlates with self-reported physical function and quality of life in
patients at 3 months after total knee arthroplasty. Ann Geriatr Med Res 2020;24:99-106. doi: https://doi.org/10.4235/agmr.20.0018.

[30] Nebel MB, Sims EL, Keefe FJ], Kraus VB, Guilak F, Caldwell DS, et al. The relationship of self-reported pain and functional impairment to gait mechanics
in overweight and obese persons with knee osteoarthritis. Arch Phys Med Rehabil 2009;90:1874-9. doi: https://doi.org/10.1016/j.apmr.2009.07.010.

[31] Ateef M, Kulandaivelan S, Tahseen S. Test-retest reliability and correlates of 6-minute walk test in patients with primary osteoarthritis of knees. Indian
] Rheumatol 2016;11:192-6.

[32] Copsey B, Thompson JY, Vadher K, Ali U, Dutton SJ, Fitzpatrick R, et al. Sample size calculations are poorly conducted and reported in many randomized
trials of hip and knee osteoarthritis: Results of asystematic review. ] Clin Epidemiol 2018;104:52-61. doi: https://doi.org/10.1016/].
jclinepi.2018.08.013.

[33] Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones G. A meta-analysis of sex differences prevalence, incidence and severity of
osteoarthritis. Osteoarthritis Cartilage 2005;13:769-81. doi: https://doi.org/10.1016/j.joca.2005.04.014.

185


https://doi.org/10.1186/s12891-022-06012-2
https://doi.org/10.1016/j.joca.2017.06.006
https://doi.org/10.1016/j.joca.2013.05.002
https://doi.org/10.1002/art.27760
https://doi.org/10.1007/s00296-012-2512-3
https://doi.org/10.1589/jpts.30.888
https://doi.org/10.1007/s11999-016-4732-4
https://doi.org/10.1016/j.joca.2004.10.010
https://doi.org/10.1056/nejm200004063421405
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.2519/jospt.2011.3515
https://doi.org/10.2519/jospt.2011.3515
https://doi.org/10.1080/09593985.2022.2143253
https://doi.org/10.1080/09593985.2022.2143253
https://doi.org/10.1186/1471-2474-6-3
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.2519/jospt.2016.6311
https://doi.org/10.2519/jospt.2016.6311
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1097/01.ede.0000147512.81966.ba
https://doi.org/10.1046/j.1525-1497.2002.10750.x
https://doi.org/10.1136/ard.2007.079020
https://doi.org/10.1016/j.jclinepi.2005.07.012
https://doi.org/10.1007/s11420-019-09702-1
https://doi.org/10.4235/agmr.20.0018
https://doi.org/10.1016/j.apmr.2009.07.010
https://doi.org/10.1016/j.jclinepi.2018.08.013
https://doi.org/10.1016/j.jclinepi.2018.08.013
https://doi.org/10.1016/j.joca.2005.04.014

	Optimal cut-off scores of performance-based tests of physical function to discriminate disease severity in patients with knee osteoarthritis
	1 Introduction
	2 Materials & methods
	2.1 Study design and the participants
	2.2 Data collection
	2.2.1 Demographic and clinic characteristics
	2.2.2 Performance-based tests

	2.3 Sample size
	2.4 Data analysis

	3 Results
	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	References




