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Background: The High Activity Arthroplasty Score (HAAS) is a validated score that assesses functional outcomes after lower limb 
arthroplasty, with fewer ceiling effects than other scores. The aim is to translate and cross-culturally adapt the HAAS into a Chinese 
version (HAAS-C) and to evaluate the psychometric properties of HAAS-C in patients after primary total knee arthroplasty (TKA).
Methods: A total of 104 patients diagnosed with knee osteoarthritis who had undergone TKA at least 12 months prior were recruited. 
A forward and backward translation procedure was performed for developing a culturally acceptable HAAS-C. Internal consistency was 
assessed using Cronbach’s α, and test-retest reliability was measured using the intraclass correlation coefficient (ICC) within a 10-day 
interval. Construct validity was assessed by examining the correlations between HAAS-C and the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), EuroQoL Group’s five-dimension questionnaire (EQ-5D-5L), and Oxford knee score (OKS).
Results: HAAS-C demonstrated adequate Internal consistency reliability, as indicated by Cronbach’s α coefficient of 0.75. Test-retest 
reliability yielded excellent results, with an ICC value of 0.98. Content validity indices were high, with a scale-level validity index of 
0.9 and item-level validity indices greater than or equal to 0.8. HAAS-C showed a strong correlation with WOMAC (r = 0.69), 
a moderate correlation with EQ-5D-5L (r = 0.43), and OKS (r = 0.53) while exhibiting no floor or ceiling effects.
Conclusion: The validated HAAS-C questionnaire is a valid instrument for assessing patients undergoing TKA in mainland China.
Keywords: high activity arthroplasty score, total knee arthroplasty, Chinese validation, reliability, validity

Background
Knee osteoarthritis (KOA) is a prevalent degenerative joint disease that leads to knee pain, stiffness, and functional 
impairment.1 The annual prevalence of KOA in China has been significantly increasing, with a trend towards affecting 
a younger population.2 The socioeconomic burden associated with KOA has also grown, with an estimated 42 million 
KOA patients in China.3,4 Total knee arthroplasty (TKA) is the most common surgical procedure for severe end-stage 
KOA.5 Recently, there has been a rise in TKA among younger patients (<65 years old) and an increased focus on 
persistent dissatisfaction following TKA.6–8 Postoperative dissatisfaction is often attributed to patients’ unmet expecta-
tions, particularly regarding their desire to engage in low-impact exercise and maintain participation in intermediate- to 
high-impact activities.9–11

In response to patients’ heightened expectations of physical activity after TKA, there is a growing need to determine 
the appropriate level of physical activity and acceptable types of activities for these patients.12,13 Traditional physician- 
provided outcomes alone may not sufficiently address these questions, highlighting the importance of incorporating 
patient-reported outcome measures (PROMs).14 PROMs allow for the subjective evaluation of health status and 
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treatment effect to be transformed into relatively objective numerical data, providing valuable information for clinical 
decision-making.15 While PROMs for TKA patients have been developed and validated in multiple countries, they often 
fall short when applied to younger, more active patients, as they may lack the ability to differentiate functional levels and 
tend to exhibit ceiling effects.16

The High Activity Arthroplasty Score (HAAS), developed by a New Zealand research group in 2010 for high-activity 
patients after hip or knee arthroplasty, offers improved discriminative ability in functional assessment with fewer floor or 
ceiling effects.17,18 In contrast to prevailing health-related quality of life (HRQoL) instruments, which primarily address 
pain and low-demand daily activities after hip and knee arthroplasty, HAAS comprehensively evaluates patients’ 
functional capabilities, encompassing a broader spectrum of physical and sports activities alongside traditional pain 
symptoms, with each dimension designed to assess the patient’s maximum capacity.19 Previous studies have demon-
strated the cultural adaptability, reliability, and effectiveness of the HAAS in English, French, Italian, Dutch, and 
German-speaking countries.16,18,20–22 However, a reliable and valid Chinese version of HAAS (HAAS-C) is currently 
unavailable. Given the increasing prevalence of KOA among a younger population in China and the growing number of 
TKA procedures, there is a need to adopt the HAAS questionnaire. This questionnaire is essential for several reasons. 
Firstly, it allows for the assessment of patients’ specific functional needs and activity levels, particularly in the context of 
the younger demographic. Moreover, the HAAS questionnaire exhibits improved discriminative ability and reduced floor 
or ceiling effects, making it more suitable for evaluating functional outcomes in active TKA patients. Hence, it becomes 
imperative to translate and culturally adapt the HAAS into a Chinese version and assess the psychometric properties of 
HAAS-C for Chinese-speaking patients who have undergone TKA.

The objective of this study was to translate, cross-culturally adapt, and assess the psychometric properties of HAAS-C 
in patients who had undergone TKA at least 12 months ago.

Methods
Translation and Cross-cultural Adaptation
In accordance with established guidelines, the HAAS questionnaire underwent a five-step process for translation and 
cross-cultural adaptation into Chinese.23 During Stage I, two bilingual authors, including a professional translator and 
a senior orthopedic doctor, independently translated the English version of HAAS into Chinese. In Stage II, a consensus 
version was achieved by integrating their opinions and resolving any discrepancies between the two translations. In Stage 
III, the synthesized version was then translated back into English by two different bilingual authors, neither of whom had 
a medical background. Stage IV involved a consensus committee consisting of psychologists, orthopedic surgeons, 
nursing specialists, physiotherapists, and four translators who reviewed all versions of HAAS and incorporated diverse 
opinions to reach a final consensus. Finally, in Stage V, the pre-final version of HAAS was administered to a group of 30 
TKA patients through individual interviews to collect feedback. The review panel discussed and revised the final version 
of HAAS-C based on the comments received, as provided in Additional File 1.

Patients and Data Collection
Considering the guidance from a previous study, it is suggested that a sample size of at least 100 patients is adequate for 
evaluating validity, and a minimum of 50 patients is sufficient for evaluating reliability.24 104 consecutive patients were 
enrolled from our department between January 2022 and December 2022 for this study. The inclusion criteria encom-
passed the following: (1) patients diagnosed with knee osteoarthritis (KOA) who had undergone total knee arthroplasty 
(TKA) at least 12 months prior; (2) adults aged 65 years or younger; (3) fluent in the Chinese language; (4) capable of 
independently completing questionnaires. Exclusion criteria were established as follows: (1) patients with severe visual, 
auditory, or physical impairments that hindered cooperation with researchers; (2) patients with severe cognitive impair-
ment or mental illness; (3) patients who underwent surgical procedures, possessed significant medical conditions, or 
exhibited relevant comorbidities that could potentially influence physical activity. Our study adheres to the Helsinki 
Declaration25 and has received approval from the Medical Ethics Committee of our hospital (ID: 202212004). Written 
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informed consent has been obtained from all participants. Patients expressed their interest in participating and registered 
for the study upon contacting the research team through the recruiter’s advertisement.

Participant demographics and clinical characteristics were obtained following the initial screening. All participants 
completed the four questionnaires (HAAS-C, WOMAC, EQ-5D-5L, and OKS) by themselves during their hospital visit.

Instruments
The HAAS questionnaire is a self-reported assessment tool used to evaluate the functions of patients who have undergone 
lower limb arthroplasty. The questionnaire comprises four items, namely walking (0–5 points), running (0–4 points), stair 
climbing (0–3 points), and activity level (0–6 points).16 To complete the questionnaire, respondents must provide a response 
to every item, as each item has a specified option. The total score of the questionnaire ranges from 0 (indicating poor 
function) to 18 (indicating good function).

WOMAC is a self-reported questionnaire that measures OA-caused constraints experienced by the patient in function 
and degree of pain and stiffness when performing daily activities.26 It comprises 24 items classified into three 
dimensions: pain, stiffness, and activities of daily living.27 A higher WOMAC score corresponds to a greater level of 
pain intensity, increased difficulty in performing various daily activities, and more pronounced stiffness in the hip or knee 
joints. In this study, the Chinese version of WOMAC was employed,28 wherein each of the 24 items ranged from 0 to 10 
points. The EQ-5D-5L questionnaire is a multidimensional instrument for measuring HRQoL.29 By employing EQ-5D- 
5L, a broader perspective on patients’ HRQoL was obtained, facilitating comparative analysis and aiding clinical 
decision-making. It is important to acknowledge that while EQ-5D-5L has its limitations in capturing specific functional 
outcomes in highly functioning TKA patients, its use enriched the assessment. OKS was mainly used for KOA patients 
who need to accept TKA treatment.30 Comprising 12 items, OKS evaluates knee joint pain and function, with higher 
scores indicating poorer health status. All aforementioned scales have been accurately translated into Chinese and have 
been confirmed as reliable and valid measurement tools.28,31,32

Psychometric Assessments and Statistical Analysis
Patients were given the opportunity to provide comments on the scale or offer feedback to the institute when submitting the 
questionnaire, in case they encountered any issues with HAAS-C. Additionally, we recorded the time taken by each 
participant to complete the questionnaire. To evaluate test-retest reliability, all participants were reassessed 10 days later.24

Internal consistency was assessed using the coefficient α, with a value greater than 0.7 indicating adequate internal 
consistency.33 Test-retest reliability was assessed using the ICC, which was categorized as follows: values ranging from 0.5 
to 0.75 denoted moderate reliability, values between 0.75 and 0.90 indicated good reliability, and values ≥ 0.90 were 
indicative of excellent reliability.34 To analyze absolute validity, Bland and Altman analyses be used. The standard error of 
measurement (SEM) was used as an indicator of absolute reliability.24 The most commonly used calculation method for this 
statistic involves the formula: SEM ¼ SD

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 � Rð Þ

p
; SD = the sample standard deviation, and R = the calculated intraclass 

correlation coefficient.35 Additionally, we calculated the smallest detectable change (SDC), which represents the smallest 
value change on the scale that can be considered a true change rather than a measurement error. This was calculated using 
the following formula: SDC 95% CIð Þ ¼ 1:96

ffiffiffi
2
p

SEM.24

The expert panel, consisting of 10 individuals with over 5 years of experience in Orthopedic Surgery, employed the 
scale level content validity index (S-CVI) and the item level content validity index (I-CVI) to assess the content validity 
of the HAAS-C. The relevance of HAAS-C was assessed by the experts using a 4-point scale. A score of 1 represented 
“not relevant”, a score of 2 denoted “somewhat relevant”, a score of 3 indicated “very relevant”, and a score of 4 
signified “highly relevant”. The Index of Content Validity (I-CVI) was determined by quantifying the ratio of experts 
who assigned a rating of 3 or 4 to the total number of experts involved. In order to guarantee an acceptable level of 
content validity, it is advisable to achieve a minimum Scale-level Content Validity Index (S-CVI) of 0.8, along with an 
Item-level Content Validity Index (I-CVI) of at least 0.78.36

The assessment of construct validity for the HAAS-C was performed using the Pearson correlation coefficient (r) in 
conjunction with the WOMAC, EQ-5D-5L, and OKS measures. The correlation coefficients were categorized into 
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distinct levels of strength as follows: very strong (> 0.80), strong (0.61–0.80), moderate (0.41–0.60), weak (0.21–0.40), 
or none or very weak (< 0.20).37 Before this analysis, based on assessment of the content of the items on the scales, we 
hypothesized that the HAAS-C scores correlated moderately with the total scores of the EQ-5D, WOMAC, and OKS.

In order to examine the potential occurrence of floor and ceiling effects, the proportion of participants who attained 
the lowest or highest score on the HAAS-C was computed. Floor effects were deemed present if more than 15% of 
participants obtained the lowest possible score, while ceiling effects were considered present if more than 15% of 
participants achieved the highest possible score.24

Reverse scoring was implemented for the HAAS-C in the current study. The scoring for specific items was converted 
according to the following rules: Item 1 (5=0, 4=1, 3=2, 2=3, 1=4, and 0=5), Item 2 (4=0, 3=1, 0=4, and 1=3), Item 3 
(3=0, 2=1, 0=3, and 1=2), and Item 4 (6=0, 5=1, 4=2, 2=4, 1=5, and 0=6). The statistical analysis employed SPSS 26.0 
(Chicago, IL). Demographic and clinical characteristics of the participants were presented as means and standard 
deviations (SD) for continuous variables, while categorical variables were reported as frequencies (percentages). 
A p-value below 0.05 was considered statistically significant.

Results
Patient Characteristics
A total of 104 patients, consisting of 28 males and 76 females, were included in this study, with an average age of 61.3 ± 
3.4 years (range: 51 to 65 years). The participants had an average BMI of 25.7 ± 3.7 kg/m2 (range: 15.2 to 36.5 kg/m2). 
Among them, 83% were farmers, while only a small proportion of patients (18%) had received education beyond high 
school. Additionally, all participants returned to the hospital for follow-up evaluations. The baseline characteristics of the 
participants can be found in Table 1.

Cross-Cultural Adaptation
The forward and backward translations of the HAAS did not encounter any significant issues. However, due to cultural 
differences between China and Western countries, certain sports listed in the questionnaire, such as golf, light gardening, 
low-impact aerobics, doubles tennis, skiing, jogging < 10km, single tennis, running > 10km, and cycling > 80km, were 
found to be less popular among Chinese individuals. In addition, within the prevailing demographic of individuals 
undergoing TKA in China, there exists a notable dearth of access to secondary and tertiary education, with a predominant 
engagement in manual labor among the majority. After careful consideration and discussion by the panel, the fourth item 

Table 1 Demographic and Clinical Characteristics of Participants

Participants (n=104)

Age (SD, range) 61.3 years (3.4, 51 to 65)

Body mass index (SD, range) 25.7 kg/m2 (3.7, 15.2 to 36.5)
Sex Male 28 (27%)

Female 76 (73%)

Occupation Heavy physical worker 2 (2%)
Light physical worker 7 (7%)

Retired 9 (9%)

Farmer 86 (83%)
Residence status Living alone 3 (3%)

With spouse 66 (63%)

With children 35 (34%)
Education Primary school or below 51 (49%)

Middle school 35 (34%)

High school 10 (10%)
University or above 8 (8%)

Abbreviations: SD, standard deviation; n, number.
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(activities) of the HAAS was modified to better align with the activity preferences of the Chinese population. Please refer 
to Additional file 2 for more details regarding this modification.

Acceptability
The HAAS-C was well received, and all participants reported no difficulty in understanding its content during their initial 
completion. All the returned questionnaires were not missing or incorrectly filled in. The average time required to 
complete the HAAS-C was 2.1 minutes (SD 0.61, range 1.2 to 6.53).

Reliability
The internal consistency of the HAAS-C was found to be adequate, with a Cronbach’s α coefficient of 0.75. The initial 
assessment occurred at an average of 17.0 ± 3.3 months after primary TKA, with a 10-day interval between the first 
and second assessments. The test-retest reliability was excellent, with an ICC of 0.98 (95% CI 0.98 to 0.99). The SEM 
was 0.25 points, and the SDC was 0.69. The 95% limits of agreement of the HAAS-C for TKA cases were −1.15 to 1.05. 
The Bland–Altman plots are shown in Figure 1.

Content Validity
Table 2 presents the results of the content validity analysis. In this study, all experts assigned a score of 3 (very relevant) 
or 4 (highly relevant) to 36 out of 40 items. However, for the dimensions of “Running” and “Activity level”, two experts 
each marked 2 (somewhat relevant). The S-CVI (ave) was 0.9, and the I-CVI was ≥ 0.8, indicating good content validity.

Construct Validity
Table 3 displays the correlation between HAAS-C and other PROMs. Our a priori hypotheses were confirmed. The 
results revealed a strong correlation between HAAS and WOMAC (r = 0.69), as well as a moderate correlation between 
HAAS and WOMAC activities of daily living (r = 0.65). HAAS also showed a moderate correlation with all other 
PROMs (r, 0.43–0.56).

Figure 1 Bland–Altman plot of HAAS-C for TKA patients.
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Floor and Ceiling Effects
As shown in Table 3, the presence of floor and ceiling effects in all PROMs is reported. The total score distribution of 
HAAS-C is shown in Figure 2, and no floor or ceiling effects were observed in HAAS-C, indicating that there were no 
lowest or highest scores recorded.

Discussion
In this study, we found that the cross-culturally adapted HAAS-C demonstrated widespread acceptance and exhibited 
good reliability, content validity, and construct validity. Notably, no instances of floor or ceiling effects were observed. 
The questionnaire is reliable and valid in individuals with KOA patients for at least 12 months after TKA.

The internal consistency of the HAAS-C, as measured by Cronbach’s α, was found to be 0.75, higher than the values 
reported for the French (0.58)21 and German (0.749)18 versions but lower than the values reported for the original,16 

Dutch (0.838)20 and Italian (0.91)22 versions. Nevertheless, a value greater than 0.7 indicates adequate internal 
consistency for HAAS-C. Additionally, the test-retest reliability of HAAS-C was excellent, with an ICC of 0.98. 
Among all versions of HAAS, only the German version reported SEM. The SEM of HAAS-C was lower than the 
value of the German version (0.54).18 The Bland-Altman plots for the 2 measurements showed no systematic error. The 

Table 2 Ratings on a 4-Item Scale for HAAS-C by ten Doctor (Rated 3 or 4)

Item Walking Running Stair Climbing Activity Level S-CVI (un)

Expert1 3 4 3 4 1
Expert2 4 4 3 2 0.75

Expert3 4 4 4 4 1

Expert4 4 3 3 2 0.75
Expert5 4 3 3 3 1

Expert6 3 2 3 3 0.75

Expert7 3 4 4 4 1
Expert8 3 2 4 3 0.75

Expert9 3 4 4 4 1
Expert10 3 3 3 3 1

No.In Agreement 10 8 10 8 S-CVI (ave) = 0.9

I-CVI 1 0.8 1 0.8

Abbreviations: S-CVI (un), scale level content validity index (universal); S-CVI (ave), scale content validity index (average).

Table 3 PROMs with Mean, SD, Range, Floor and Ceiling Effects and Correlation to 
HAAS-C

Scales Score

Mean ± SD  
(range)

Floor/ceiling  
effects in %

Spearman’s rho Correlation

HAAS 7.8 ± 1.9 (4–16) 0/0 – –

WOMAC 39.1 ± 25.5 (11–165) 0/0 0.69* Strong

Pain 4.9 ± 4.9 (0–28) 13.5/0 0.56* Medium
Stiffness 4.5 ± 3.2 (0–16) 13.5/0 0.48* Medium

ADL 21.9 ± 17.7 (1–109) 0/0 0.65* Strong

EQ-5D-5L 0.9 ± 0.1 (0.1–1) 40.4/0 0.43* Medium
OKS 19.3 ± 5.7 (12–43) 1/0 0.53* Medium

Note: *p < 0.001. 
Abbreviations: HAAS, Chinese version of High-Activity Arthroplasty Score; WOMAC, Western Ontario 
and McMaster University index; ADL, Activities of Daily Living; EQ-5D-5L, Five-level EuroQoL Group’s five- 
dimension questionnaire; OKS Oxford knee score.
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SDC results indicated that no measurement error would occur if an individual showed a change of more than 0.69 points 
after a given intervention. Compared with other studies, our result was lower than the values of the Italian (1.8)22 and 
German version (1.5).18 These results demonstrate the qualified absolute reliability of HAAS-C.

HAAS-C has been shown to have good content validity. The content validity assessment of the Chinese version 
demonstrated an S-CVI (Ave) of 0.9 and I-CVI values ≥ 0.8, indicating high content validity of the scale. Moreover, the 
content validity of HAAS was confirmed in both the Italian and German versions.18,22 Therefore, the items of HAAS-C 
accurately reflect the high functional evaluation ability of patients after TKA.

Regarding construct validity, we found moderate to strong correlations between HAAS-C and all WOMAC subscales. 
A Strong correlation between HAAS-C and the total score of the WOMAC was found (r = 0.69). The correlation with 
WOMAC activities of daily living (r = 0.65) was higher than with WOMAC pain (r = 0.56) and WOMAC stiffness 
(r = 0.48). The construct validity assessment of the Italian version of HAAS in subjects with total hip arthroplasty found 
very similar correlations with WOMAC pain (r = 0.66), WOMAC stiffness (r = 0.50), and WOMAC activities of daily 
living (r = 0.70). Although different countries use different scales for HAAS construct validity, all the results suggest that 
HAAS specificity is more relevant to physical activity than symptoms and pain.18,22 This study reveals moderate validity 
for HAAS only in comparison to WOMAC and OKS. This can be attributed to HAAS being tailored for higher-level 
functionality, distinct from the broader functional outcomes observed within subsets of WOMAC and OKS. The study 
also found a moderate correlation between HAAS-C and EQ-5D-5L (r = 0.43), consistent with the findings reported in 
the German and Dutch versions of HAAS, where the correlation coefficients were found to be 0.427 and 0.447,18,20 

respectively. This consistency aligns with our findings of a moderate correlation between HAAS-C and EQ-5D-5L. 
Additionally, a moderate correlation was also found between HAAS-C and the OKS (r = 0.53). A similar result was 
reported by a French research group (r = 0.436).21 These results indicate that HAAS-C has qualified construct validity. 
Our study showed that the total scores of HAAS-C did not demonstrate any floor or ceiling effects, indicating its strong 
discriminatory ability as a questionnaire.

The HAAS questionnaire is a valuable tool in clinical research, especially for evaluating the high functional status of 
patients after TKA. Compared with the limited scale assessment tools currently used in China (such as WOMAC 
scale),38 the HAAS-C questionnaire provides a more comprehensive and accurate method. By combining the choice of 
sports types and difficulty levels, it can accurately reflect the performance of patients in various high-function activities. 

Figure 2 Distribution of the HAAS-C.
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In light of the growing number of middle-aged patients undergoing TKA and their desire to engage in moderate to high- 
intensity activities, there is a need to introduce more targeted assessment tools that cater to their specific needs and 
contribute to clinical research. The internationally recognized and proven HAAS questionnaire introduces the field of 
musculoskeletal diseases in China, which is expected to promote clinical research and strengthen patient rehabilitation. 
Moreover, the HAAS-C not only serves as an effective tool for assessing the high functional status of post-TKA patients 
but also discerns the attainable level of activity for these individuals. According to the results of the questionnaire, the 
HAAS questionnaire can optimize the rehabilitation strategy, so as to obtain more effective treatment methods and 
improve the quality of life of patients.

Therefore, the introduction of HAAS questionnaire into China can serve as a valuable guide for clinical practice, supporting 
healthcare professionals to optimize postoperative high-function recovery and ultimately improve patient prognosis.

The completion time of HAAS-C was only 2.1 minutes, indicating its simplicity for patients. With the tremendous volume 
of outpatient visits in top-tier hospitals across China, healthcare professionals face significant challenges in evaluating and 
quantifying the severity of patients’ conditions within the constraints of limited clinical time. In this context, the HAAS-C 
questionnaire assumes paramount importance as a valuable tool for both medical practitioners and patients alike.

Our study still has certain limitations. Firstly, the participants were exclusively recruited from a single medical 
institution in the northwestern region of China, considering that cultural diversity, varying lifestyle factors, occupations, 
and educational backgrounds across different regions of the country might influence the choice of postoperative physical 
activities. In the future, HAAS-C will be updated according to the demographic background. Secondly, we did not assess 
the risk of bias in regard to gender effects on the psychometric properties of HAAS-C, which may affect the universality 
of the conclusions. Thirdly, our study exclusively comprises patients who have undergone TKA surgery at least 12 
months ago. Consequently, we intend to conduct further assessments to verify the reliability and validity of HAAS-C at 
different follow-up time points in future investigations.

Conclusions
The HAAS-C demonstrates adequate reliability, good content validity, moderate validity, which support the use of 
HAAS-C as a reliable instrument for capturing high-intensity activities among KOA patients who have undergone TKA 
in mainland China.

Abbreviations
HAAS-C, Chinese Version of HAAS; EQ-5D-5L, Five-Level EuroQoL Group’s Five-Dimension Questionnaire; HAAS, 
High Activity Arthroplasty Score; HRQoL, Health-Related Quality of Life; ICC, Intraclass Correlation Coefficient; 
I-CVI, Item Level Content Validity Index;KOA:Knee Osteoarthritis; OKS, Oxford Knee Score; PROM, Patient-Reported 
Outcome Measurement; SD, Standard Deviation; SDC, Smallest Detectable Change; SEM, Standard Error of 
Measurement; S-CVI, Scale Level Content Validity Index; TKA, Total Knee Arthroplasty; WOMAC, Western Ontario 
and McMaster Universities Osteoarthritis Index.

Data Sharing Statement
The dataset used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Ethics Approval and Consent to Participate
The study adheres to the Helsinki Declaration and has received approval from the Medical Ethics Committee of the 
Honghui Hospital, Xi’an Jiaotong University (202212004). Additionally, written informed consent was obtained from all 
participants.

Acknowledgments
Dongping Wan, Shihang Cao and Xinrui Li are co-first authors for this study. We sincerely thank Yue Wang and Vanessa 
Pong for their work in translation and cross-cultural adaptation.

https://doi.org/10.2147/PROM.S451710                                                                                                                                                                                                                               

DovePress                                                                                                                                             

Patient Related Outcome Measures 2024:15 128

Wan et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This work was supported by Key Research and Development Program of Shaanxi Province (Grant No. 2023-YBSF-464); 
General Research Plan of Xi’an Health Commission (Grant No. 2023yb30); the National Natural Science Foundation of 
China (Grant No. 82173627).

Disclosure
The authors declare that they have no competing interests in this work.

References
1. Kan H, Chan P, Chiu K, et al. Non-surgical treatment of knee osteoarthritis. Hong Kong Med J. 2019;25(2):127. doi:10.12809/hkmj187600
2. Chen H, Wu J, Wang Z, et al. Trends and patterns of knee osteoarthritis in China: a longitudinal study of 17.7 million adults from 2008 to 2017. 

Int J Environ Res Public Health. 2021;18(16):8864. doi:10.3390/ijerph18168864
3. Safiri S, Kolahi -A-A, Smith E, et al. Global, regional and national burden of osteoarthritis 1990–2017: a systematic analysis of the global burden of 

disease study 2017. Ann Rheumatic Dis. 2020;79(6):819–828. doi:10.1136/annrheumdis-2019-216515
4. Liu Q, Wang S, Lin J, Zhang Y. The burden for knee osteoarthritis among Chinese elderly: estimates from a nationally representative study. 

Osteoarthritis Cartilage. 2018;26(12):1636–1642. doi:10.1016/j.joca.2018.07.019
5. Madry H. Surgical therapy in osteoarthritis. Osteoarthritis Cartilage. 2022;30(8):1019–1034. doi:10.1016/j.joca.2022.01.012
6. Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future young patient demand for primary and revision joint replacement: national 

projections from 2010 to 2030. Clin Orthop Relat Res. 2009;467(10):2606–2612. doi:10.1007/s11999-009-0834-6
7. Clement ND, Bardgett M, Weir D, Holland J, Gerrand C, Deehan DJ. Three groups of dissatisfied patients exist after total knee arthroplasty: early, 

persistent, and late. Bone Joint J. 2018;100-B(2):161–169. doi:10.1302/0301-620X.100B2.BJJ-2017-1016.R1
8. Ayers DC, Yousef M, Zheng H, Yang W, Franklin PD. The prevalence and predictors of patient dissatisfaction 5-years following primary total knee 

arthroplasty. J Arthroplasty. 2022;37(6S):S121–S8. doi:10.1016/j.arth.2022.02.077
9. Ghomrawi HMK, Lee L-Y-Y, Nwachukwu BU, et al. Preoperative expectations associated with postoperative dissatisfaction after total knee 

arthroplasty: a cohort study. J Am Acad Orthop Surg. 2020;28(4):e145–e50. doi:10.5435/JAAOS-D-18-00785
10. Mooiweer Y, van den Akker-Scheek I, Stevens M, Group PS. Amount and type of physical activity and sports from one year forward after Hip or 

knee arthroplasty—A systematic review. PLoS One. 2021;16(12):e0261784. doi:10.1371/journal.pone.0261784
11. Witjes S, van Geenen RCI, Koenraadt KLM, et al. Expectations of younger patients concerning activities after knee arthroplasty: are we asking the 

right questions? Qual Life Res. 2017;26(2):403–417. doi:10.1007/s11136-016-1380-9
12. Wylde V, Livesey C, Blom AW. Restriction in participation in leisure activities after joint replacement: an exploratory study. Age Ageing. 2012;41 

(2):246–249. doi:10.1093/ageing/afr180
13. Seyler TM, Mont MA, Ragland PS, Kachwala MM, Delanois RE. Sports activity after total Hip and knee arthroplasty: specific recommendations 

concerning tennis. Sports Med. 2006;36(7):571–583. doi:10.2165/00007256-200636070-00003
14. Bullens PH, van Loon CJ, de Waal Malefijt MC, Laan RF, Veth RP. Patient satisfaction after total knee arthroplasty: a comparison between 

subjective and objective outcome assessments. J Arthroplasty. 2001;16(6):740–747. doi:10.1054/arth.2001.23922
15. Hamilton DF, Giesinger JM, Giesinger K. It is merely subjective opinion that patient-reported outcome measures are not objective tools. Bone Joint 

Res. 2017;6(12):665–666. doi:10.1302/2046-3758.612.BJR-2017-0347
16. Talbot S, Hooper G, Stokes A, Zordan R. Use of a new high-activity arthroplasty score to assess function of young patients with total Hip or knee 

arthroplasty. J Arthroplasty. 2010;25(2):268–273. doi:10.1016/j.arth.2008.09.019
17. Jenny J-Y, Louis P, Diesinger Y. High activity arthroplasty score has a lower ceiling effect than standard scores after knee arthroplasty. 

J Arthroplasty. 2014;29(4):719–721. doi:10.1016/j.arth.2013.07.015
18. Vogel N, Kaelin R, Rychen T, Arnold MP. The German version of the high-activity arthroplasty score is valid and reliable for patients after total 

knee arthroplasty. Knee Surg Sports Traumatol Arthrosc. 2022;30(4):1204–1211. doi:10.1007/s00167-021-06531-w
19. Oliveira NS, Cardinot TM, Caputo D, et al. The Brazilian version of the high-activity arthroplasty score: cross-cultural adaptation. Sao Paulo Med 

J. 2023;142(3):e2023121. doi:10.1590/1516-3180.2023.0121.26072023
20. Fransen BL, Kan HJ, PosthumaDeBoer J, Burger B, Hoozemans M. Cross-cultural adaptation and validation of the Dutch version of the high 

activity arthroplasty score. Ned Tijdschr voor Orthop. 2018;25:68–74.
21. Diesinger Y, Jenny JY. Validation of the French version of two on high-activity knee questionnaires. Orthop Traumatol Surg Res. 2014;100 

(5):535–538. doi:10.1016/j.otsr.2014.02.013
22. Monticone M, Capone A, Frigau L, et al. Development of the Italian version of the High-Activity Arthroplasty Score (HAAS-I) following Hip and 

knee total arthroplasty: cross-cultural adaptation, reliability, validity and sensitivity to change. J Orthop Surg Res. 2018;13(1):81. doi:10.1186/ 
s13018-018-0782-5

23. Guillemin F, Bombardier C, Beaton D. Cross-cultural adaptation of health-related quality of life measures: literature review and proposed 
guidelines. J Clin Epidemiol. 1993;46(12):1417–1432. doi:10.1016/0895-4356(93)90142-n

Patient Related Outcome Measures 2024:15                                                                                    https://doi.org/10.2147/PROM.S451710                                                                                                                                                                                                                       

DovePress                                                                                                                         
129

Dovepress                                                                                                                                                             Wan et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.12809/hkmj187600
https://doi.org/10.3390/ijerph18168864
https://doi.org/10.1136/annrheumdis-2019-216515
https://doi.org/10.1016/j.joca.2018.07.019
https://doi.org/10.1016/j.joca.2022.01.012
https://doi.org/10.1007/s11999-009-0834-6
https://doi.org/10.1302/0301-620X.100B2.BJJ-2017-1016.R1
https://doi.org/10.1016/j.arth.2022.02.077
https://doi.org/10.5435/JAAOS-D-18-00785
https://doi.org/10.1371/journal.pone.0261784
https://doi.org/10.1007/s11136-016-1380-9
https://doi.org/10.1093/ageing/afr180
https://doi.org/10.2165/00007256-200636070-00003
https://doi.org/10.1054/arth.2001.23922
https://doi.org/10.1302/2046-3758.612.BJR-2017-0347
https://doi.org/10.1016/j.arth.2008.09.019
https://doi.org/10.1016/j.arth.2013.07.015
https://doi.org/10.1007/s00167-021-06531-w
https://doi.org/10.1590/1516-3180.2023.0121.26072023
https://doi.org/10.1016/j.otsr.2014.02.013
https://doi.org/10.1186/s13018-018-0782-5
https://doi.org/10.1186/s13018-018-0782-5
https://doi.org/10.1016/0895-4356(93)90142-n
https://www.dovepress.com
https://www.dovepress.com


24. Terwee CB, Bot SDM, de Boer MR, et al. Quality criteria were proposed for measurement properties of health status questionnaires. J Clin 
Epidemiol. 2007;60(1):34–42. doi:10.1016/j.jclinepi.2006.03.012

25. Williams JR. The Declaration of Helsinki and public health. Bull World Health Organ. 2008;86(8):650–652. doi:10.2471/BLT.08.050955
26. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, 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. J Rheumatol. 1988;15 
(12):1833–1840.

27. Xie F, S-C L, Goeree R, et al. Validation of Chinese Western ontario and mcmaster universities osteoarthritis index (WOMAC) in patients 
scheduled for total knee replacement. Qual Life Res. 2008;17(4):595–601. doi:10.1007/s11136-008-9340-7

28. Symonds T, Hughes B, Liao S, Ang Q, Bellamy N. Validation of the Chinese Western Ontario and McMaster Universities osteoarthritis index in 
patients from mainland china with osteoarthritis of the knee. Arthritis Care Res. 2015;67(11):1553–1560. doi:10.1002/acr.22631

29. Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol Group. Ann Med. 2001;33(5):337–343. doi:10.3109/07853890109002087
30. Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the perceptions of patients about total knee replacement. J Bone Joint Surg Br. 

1998;80(1):63–69. doi:10.1302/0301-620x.80b1.7859
31. Luo N, Li M, Liu GG, Lloyd A, de Charro F, Herdman M. Developing the Chinese version of the new 5-level EQ-5D descriptive system: the 

response scaling approach. Qual Life Res. 2013;22(4):885–890. doi:10.1007/s11136-012-0200-0
32. Lin K, Bao L, Wang J, Fujita K, Makimoto K, Liao X. Validation of the Chinese (Mandarin) version of the oxford knee score in patients with knee 

osteoarthritis. Clin Orthop Relat Res. 2017;475(12):2992–3004. doi:10.1007/s11999-017-5495-2
33. Cicchetti DV. Guidelines, criteria, and rules of thumb for evaluating normed and standardized assessment instruments in psychology. Psychological 

Assessment. 1994;6(4):284. doi:10.1037/1040-3590.6.4.284
34. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropr Med. 2016;15 

(2):155–163. doi:10.1016/j.jcm.2016.02.012
35. Atkinson G, Nevill AM. Statistical methods for assessing measurement error (reliability) in variables relevant to sports medicine. Sports Med. 

1998;26(4):217–38. doi:10.2165/00007256-199826040-00002
36. Mokkink LB, Prinsen CAC, Bouter LM, HCWd V, Terwee CB. The Consensus-based Standards for the selection of health Measurement INstruments 

(COSMIN) and how to select an outcome measurement instrument. Braz J Phys Ther. 2016;20(2):105–113. doi:10.1590/bjpt-rbf.2014.0143
37. Cao S, Liu N, Li L, Lv H, Chen Y, Qian Q. Simplified Chinese version of university of california at los angeles activity score for arthroplasty and 

arthroscopy: cross-cultural adaptation and validation. J Arthroplasty. 2017;32(9):2706–2711. doi:10.1016/j.arth.2017.03.057
38. Zhou H, Yao M, Gu X, et al. Application of patient-reported outcome measurements in clinical trials in China. JAMA Network Open. 2022;5(5): 

e2211644. doi:10.1001/jamanetworkopen.2022.11644

Patient Related Outcome Measures                                                                                                   Dovepress 

Publish your work in this journal 
Patient Related Outcome Measures is an international, peer-reviewed, open access journal focusing on treatment outcomes specifically relevant 
to patients. All aspects of patient care are addressed within the journal and practitioners from all disciplines are invited to submit their work as 
well as healthcare researchers and patient support groups. The manuscript management system is completely online and includes a very quick 
and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: http://www.dovepress.com/patient-related-outcome-measures-journal

DovePress                                                                                                           Patient Related Outcome Measures 2024:15 130

Wan et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jclinepi.2006.03.012
https://doi.org/10.2471/BLT.08.050955
https://doi.org/10.1007/s11136-008-9340-7
https://doi.org/10.1002/acr.22631
https://doi.org/10.3109/07853890109002087
https://doi.org/10.1302/0301-620x.80b1.7859
https://doi.org/10.1007/s11136-012-0200-0
https://doi.org/10.1007/s11999-017-5495-2
https://doi.org/10.1037/1040-3590.6.4.284
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.2165/00007256-199826040-00002
https://doi.org/10.1590/bjpt-rbf.2014.0143
https://doi.org/10.1016/j.arth.2017.03.057
https://doi.org/10.1001/jamanetworkopen.2022.11644
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Background
	Methods
	Translation and Cross‐cultural Adaptation
	Patients and Data Collection
	Instruments
	Psychometric Assessments and Statistical Analysis

	Results
	Patient Characteristics
	Cross-Cultural Adaptation
	Acceptability
	Reliability
	Content Validity
	Construct Validity
	Floor and Ceiling Effects

	Discussion
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

