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Abstract
Background: The aim of this study was to investigate the content validity including item reduction,
construct validity and internal consistency of the existing 16-item Knee Osteoarthritis Patient Education
Questionnaire. Former research had indicated that a reduction of items was necessary. Participants were
patients with severe knee osteoarthritis who, prior to undergoing a knee replacement operation,
participated routinely in a preoperative educational intervention.

Methods: A mixed method design was used. The �rst step was directed at the reduction in the number of
items on the 16-item Knee Osteoarthritis Patient Education Questionnaire. Based on a priori hypotheses,
this was followed by a cross-sectional validation study, performed to compare the resulting 7-item Knee
Replacement Patient Education Questionnaire to a patient-testing Interview Protocol that was tailored to
the same patient educational material. Additionally, the revised questionnaire was correlated with both
the Short Test of Functional Health Literacy and the Mini-Mental State Examination score.

Results: A relatively high internal consistency was found for the 7-item Knee Replacement Patient
Education Questionnaire, with a Cronbach’s alpha of 0.84 (SE: 0.036). Explanatory factor analysis
showed no evidence against a one-factor model, with the �rst and second eigenvalues being 3.8 and
0.31, respectively. Bayesian Estimation of the correlation between the 7-item Knee Replacement Patient
Education Questionnaire and the Interview Protocol was 0.78 (mode) (95% HPD 0.58 – 0.89).

Conclusions: The 7-item Knee Replacement Patient Education Questionnaire shows good psychometric
properties and could provide valuable support to health professionals. It can provide valid feedback on
how patients waiting for a knee replacement operation experience an applied patient education
intervention. Further investigation is needed to assess the applicability of the 7-item Knee Replacement
Patient Education Questionnaire to larger samples in different hospitals and countries.

Background
Patient-reported outcome measures (PROMs) and performance-based tests (PBTs) have been extensively
used in research and commonly used in clinical practice to assess treatment outcomes for a variety of
musculoskeletal conditions. PROMs provide clinicians with insights into the patient’s perception of his
own condition. Contrarily, PBTs measure the clinician’s assessment of the impairments of the patient’s
body function (1). The COSMIN (COnsensus-based Standards for the selection of health Measurement
INstruments) team reached international consensus on the taxonomy, terminology, and de�nitions of
measurement properties for health-related PROM (2). Various studies have synthesized the evidence on
the measurement properties of PROM, as well as PBT, in a population with knee and lower limb problems
(3-7).

Previous research has addressed the bene�ts of preoperative education on postoperative outcomes for
patients with knee osteoarthritis (OA) on a waiting list for knee replacement (KR)(8). However, no study to
date has evaluated the content of the educational program or asked patients whether the content was
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pertinent to their needs (9). Therefore, the understandability of the content of the offered patient
education and the incentives that stimulate patients to “take action” and manage their own health are
largely unexplored �elds.

An educational intervention targeted at a health problem provides people with the opportunity to take a
greater role in decisions on their health issues and to “take action” towards improving their quality of life.
For this to function effectively, they must acquire the basic set of skills to be able to seek, understand and
use health information. This is known as “health literacy”’. Health literacy is the degree to which
individuals have the capacity to obtain, process and understand the basic health information and
services needed to make appropriate health decisions (10, 11).

In a previous study, our team developed the Knee Osteoarthritis Patient Education Questionnaire (KOPEQ)
to investigate the required content of a preoperative educational intervention from the patients’
perspective (9). The development process was based on the conceptual framework of Wilson and Cleary
(12, 13) and was guided by four health professionals from diverse backgrounds and two researchers. The
KOPEQ comprised of; 1) 13 items to assess the content, using a formative model approach; and 2) three
items to assess the clinical impact, adopting a re�ective model approach. Likert items with a �ve-point
scale were chosen as the scoring option. The feasibility, internal consistency and factor structure of this
16-item KOPEQ were investigated in a small cross-sectional study (9). The internal consistency of the
total scale was found to be 0.83 (95% CI 0.71-0.94). The exploratory factor analysis of the scale resulted
in a 4-factor structure; subscales of didactics, addressability, empowerment and theory. Sixty-one percent
of the variance was explained, while the loading of the separate items was between 0.47 and 0.96.

Based on the insights from the factor analysis and interviews with patients in this previous study, the
following prerequisites for improving the construct validity of the 16-item KOPEQ were identi�ed: a
reduction in the number of items; further investigation of the construct validity of the measure; and, use
of a larger sample size. In this follow-up study, our research team has further developed the KOPEQ based
on these identi�ed prerequisites.

Consequently, the main aims of this second study were to investigate the content validity including item
reduction, construct validity and internal consistency of the 16-item KOPEQ. The participants, similarly,
were patients with severe knee osteoarthritis who had routinely participated in a preoperative educational
intervention prior to their knee replacement operation. The design used was a mixed method approach,
integrating both quantitative and qualitative data collection. It included item reduction and hypotheses
testing on validity.

Hypotheses on validity:

Comparison of the constructs of the KOPEQ with a patient-testing interview protocol (IP).

Our primary hypothesis was that both measures are indicators of closely-related constructs and
that a strong positive correlation (14) (above 0.7) will be found.
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Comparison of the constructs of the KOPEQ with the Short Test of Functional Health Literacy (S-
TOFHLA) and the Mini-Mental State Examination (MMSE).

Our hypothesis was that the comparators for both constructs with the KOPEQ are only minimally
related and that weak positive correlations (below 0.3) will be found. For the S-TOPHLA, the
comparison between the KOPEQ and the following aspects were tested separately: a) reading
comprehension; b) total time needed; and, c) number of points after seven minutes.

Methods
Design

A mixed method design was used, integrating both quantitative and qualitative data collection. A focal
point of this follow-up study was the evaluation of the content validity, including item reduction, of the
KOPEQ. According to COSMIN guidelines, content validity covers the aspects of relevance,
comprehensiveness and comprehensibility of a questionnaire. The steps of the process are described
below in successive phases, using qualitative and quantitative methods within an integrated approach. 

The study used a cross-sectional design and was embedded in the clinical practice of an orthopedic
department of the cantonal hospital in Winterthur, Switzerland. Patients with severe knee OA, scheduled
for a KR operation, were offered an educational intervention as part of the hospital’s routine care. This
routine intervention was developed in our previous study (9). The aim of the educational intervention is to
impart practical knowledge to the patient through providing the following information: information and
illustrative material on the anatomy of the knee and adjacent functional structures; recommendations on
activities with a prothesis; information on postoperative pain management; and, details of the
postoperative rehabilitation phase. Several authors recommend the use of targeted, easily
understandable educational material to improve patients’ self-management, such as worksheets,
handouts, presentations, photos and videos. The information provided must be prioritized according to
importance, illustrated, conveyed in plain language and use short sentences without medical terms (15-
19). The educational intervention applied in this study consisted of two sessions (with one-week interval)
and incorporated these recommendations.

 

Population

Inclusion criteria were: pro�ciency in both spoken and written German: scheduled for KR surgery based on
OA; under treatment at the cantonal hospital in Winterthur; and, a Mini-Mental State Examination score of
greater than 24/30 (20). During the �rst educational session, eligible participants were informed about
the research project and, in addition, handed written documentation. One week later, following the second
educational session, patients were asked whether they would agree to participate in the research study.
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Those eligible patients agreeing to participate in the study completed the revised KOPEQ some six to ten
weeks after their KR surgery, having previously attended the two patient education sessions. During these
same sessions, participants were also asked to complete the patient-testing (interview) protocol (IP) and
to undergo the Short Test of Functional Health Literacy (S-TOFHLA) (21).

 

Index measure

The intention of the KOPEQ is, from the patients’ perspective, to measure the understandability of a pre-
operative educational intervention and to assess its actionability. Within the theoretical �eld of health
literacy, patient education materials are described as understandable, “When consumers of diverse
backgrounds (patients) and varying levels of health literacy can process and explain key messages” (22).
Patient education materials are described as actionable, “When consumers of diverse backgrounds and
varying levels of health literacy can identify what they can do based on the information presented” (22). 

The further development of the KOPEQ was executed in two phases in this study: 1) a reduction in the
number of items on the initial 16-item KOPEQ; and 2) psychometric testing of internal consistency, factor
analysis and construct validity. Reduction in the number of KOPEQ items was considered necessary
because some placed too much focus on practical aspects (such as the number of intervention
sessions). This was seen as, potentially, an impediment to the implementation of the KOPEQ in other
contexts.

 

Phase 1: Reduction in the number of items on the initial 16-item KOPEQ

We used the COSMIN methodology for assessing the content validity of patient-reported outcome
measures (PROMs) as a methodological guide (23) in reducing the number of items. This guide includes
ten criteria concerning the three aspects of content validity of relevance, comprehensiveness and
comprehensibility. In this phase the number of items on the KOPEQ was reduced from 16 to 12.

The impact of the reduction of KOPEQ items was subsequently tested by an exploratory factor analysis
(EFA).

 

Phase 2: Hypotheses testing of the 12-item KOPEQ

The construct validity of the reduced KOPEQ was compared to an alternative measure with a comparable
construct. An interview protocol (IP), tailored to the same patient educational material, was speci�cally
developed for this study, according to comparator measures presented in a study by Shoemaker et al.
(22). The comparisons were based on a priori hypotheses regarding the strength and direction of the
correlation of the constructs of the index and comparator measures. The primary correlation studied was
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between the sum score of the reduced KOPEQ to the sum score of the IP. The secondary correlations of
interest were between the reduced KOPEQ and the Short Test of Functional Health Literacy (German
version) and the Mini-Mental State Examination score.

 

Comparator measures:

1. Interview protocol (IP)
A patient-testing IP tailored to the same patient educational material (22), based on a mixed methods
approach.

Before the interview, patients are asked to randomly read or view selected material from the patient
educational material

The interviewer then asks a set of questions to investigate the patient’s understanding of the content
of the material (understandability) and the extent to which they know what action to take
(actionability). Patients could refer to the material as much as needed before answering the
questions.

There are 4 types of questions in the protocol:

Comprehension questions

Numeric-scoring questions (scale 1-10, how easy was the material to understand and/or to
action)

Open-ended opinion questions

Questions that asked patients to describe what information was given in each session, or what a
visual aid was showing

 

2. Short Test of Functional Health Literacy (S-TOFHLA)
The S-TOFHLA (21) measures a patient’s ability to read and understand health-related materials. It
consists of 40 items: 36 testing reading comprehension and four testing numeracy. Three aspects
are measured:

1. Reading comprehension is assessed by a reading test using two health-related passages. Both
passages have every 5th to 7th word deleted, and, for each blank word, the participant must
select from a list of four words the ones that best complete the sentence. The numeracy test
assesses the ability to read and understand numerical information in the form of prescription
medication, appointment slips or other health-related material. The items are selected based
upon their perceived importance and frequency of the task in the health-care setting.

2. The total time needed to complete the S-TOFHLA

3. The number of points after seven minutes.
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The Swiss, German-language validated version was used.

 

3. Mini-Mental State Examination (MMSE)
The MMSE (20) is a widely-used test for screening cognitive functions. It includes tests of
orientation, attention, memory, language and visual-spatial skills.

 

Potential confounder:

It has been suggested that reading ability may deteriorate with age and have an in�uence on health
literacy (24-28). Therefore, age (measured in years) might be a confounder of the association between
the KOPEQ and the IP.

 

Sample Size

For research questions regarding validity, a minimum number of 50 persons for an appropriate sample
size is recommended (29). In this study, we followed this recommendation in our choice of sample size. A
formal sample size calculation was not performed.

 

Phase 2 Statistical analysis

Comparison of the constructs of the reduced KOPEQ with the IP.

Comparison of the constructs of the reduced KOPEQ with the S-TOPHLA and the MMSE.

Descriptive statistics were used to describe the population for all collected variables.

The internal consistency of the KOPEQ was investigated using Cronbach’s alpha (30) and a score above
0.70 was set as an indicator of su�cient reliability (14).

Exploratory factor analysis (EFA) was performed to assess the dimensionality of the KOPEQ.

To quantify the construct validity by testing the preset hypotheses, all pairwise correlations were
estimated in an exploratory manner. Firstly, the KOPEQ sum score was correlated with the IP sum score.
Secondly, the KOPEQ was correlated with the other comparators (S-TOFHLA 1-3 and MMSE). We
computed Pearson’s correlation coe�cient with bootstrapped 95% CI using Fisher transformation. Lastly,
the correlations were adjusted for the potential confounder of age. In addition to the Pearson’s correlation,
a Bayesian estimation of the main quantity of interest (the correlation between KOPEQ and IP) was
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performed by using uninformative priors. We used Gibbs to sample from the posterior distribution. A 95%
Highest Posterior Density (HPD) interval for this correlation was constructed.

All analyses were performed using the R statistical software R version 3.5.2 (2018-12-20) (31). For
Bayesian analysis, we used JAGS (Just Another Gibbs Sampler).

A post hoc analysis, based on the qualitative information from the patient interviews, was optional for
practicability reasons.

 

Data storage and protection

Data was handled and stored con�dentially on the ZHAW server and coded according to the rules of the
Institute to protect the privacy of the participants. The principal investigator (PI) (EOH) kept the key of the
code safeguarded. Only the PI had access to the code. The PI and two members of the project team
(epidemiologist and statistician) had access to the data. 

 

Results
Phase 1: Reduction in the number of items on the initial 16-item KOPEQ

Through discussions within the expert team, the existing 16 items on the KOPEQ were reviewed against
the aspect of relevance. This resulted in the removal of three items (“bene�t of the imparted knowledge
during hospitalization”, “bene�t of the imparted knowledge after hospitalization” and “less fear of the
time after surgery by the imparted knowledge”). The construct of these items did not conform directly to
the de�ned content of the KOPEQ. A fourth item was removed because it was related to practical aspects
of the intervention. For example, the preoperative patient education was offered in only two sessions in
this follow-up study, compared with three sessions in the initial KOPEQ study.

Secondly, we reviewed the aspect of comprehensibility and changed the wording of two items, “How was
the comprehensibility of the text in the handouts” and “How were my questions answered”, to make them
more understandable.

Internal consistency analysis showed no notable change for the16 items versus the 12 items, with
Cronbach’s Alpha of 0.83 (SE: 0.058) for the 16-item KOPEQ versus 0.88 (SE: 0.026) for the 12-item
version.

Eigenvalue analysis and parallel analysis both yielded evidence for a two-factor model.

The remaining 12 items on the KOPEQ address more relevant issues, increase understandability and
improve actionability for patients completing the educational intervention.
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Phase 2: Hypotheses testing of the 12-item KOPEQ

Fifty percent of the eligible participants gave their written, informed consent. The remaining �fty percent
declined to participate in the (non-mandatory) educational sessions, giving their reasons as lack of time
or lack of interest.

Of the total participating 50 patients, 35 were females and 15 males. Their education levels were
distributed as follows: 1 person on level 1 (primary school); 3 persons on level 2 (secondary school); 36
persons on level 3 (apprenticeship); 1 person on level 4 (high/grammar school); 4 persons on level 5
(higher technical/business school); 2 persons on level 6 (university of applied sciences); and, 3 persons
on level 7 (university or technical university).

The MMSE scores for all participants were above 24 points, resulting in no exclusions.

The Pearson’s correlation coe�cient between: the 12-item KOPEQ and the IP was 0.72 (bootstrapped 95%
CI: 0.47 to 0.88); between KOPEQ and S-TOPHLA was 0.10 (-0.30 to 0.44), 0.00 (-0.35 to 0.35) and 0.10
(-0.30 to 0.44) respectively; and, between KOPEQ and MMSE was 0.10 (-0.14 to 0.30). These correlations
were not confounded by age (-0.04 (-0.30 to 0.27).

All �ve of our hypotheses were con�rmed by the results.

 

Phase 3: Post hoc considerations and analyses

Second reduction of items (from 12-item to 7-item KOPEQ)

Following the main study analyses (phases 1 and 2), a post hoc analysis was undertaken. Based on
qualitative information from the patient interviews, and for practicability reasons, another �ve items were
removed from the KOPEQ: three items (“Division into three sessions”, “How was the session anatomy and
function” and “How was the session recommended activities”) were not deemed content-relevant because
they were concerned with organizational aspects; and two items (“How comprehensible was the imparted
knowledge” and “How was the arrangement of the handouts”) because the content was already included
in other items. A further reduction was not indicated since important information would then have been
excluded. The following seven items were retained: Item 1, Item 3, Item 4, Item 5, Item 8, Item 11 and Item
12.

A synopsis of the reduction of the items from the initial 16-item KOPEQ to the 7-item KOPEQ is presented
in Table 1.

There were 50 complete observations on the 7-items of the �nal KOPEQ (sum score, mean (SD) = 91.9
(6.99)) and 31 complete observations of the IP items (sum score, mean (SD) = 88.9 (8.12)). The reading
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comprehension (S-TOPHLA) in points (mean (SD)) was 33.6 (1.89), the time needed in minutes was 10.6
(3.87) and the number of points after seven minutes was 23.8 (7.61).

The characteristics of the variables are presented in Table 2.

Internal consistency analysis showed no notable change (12 items versus 7 items) with Cronbach’s Alpha
of 0.88 (SE: 0.026) for the 12-item versus 0.84 (SE: 0.0357) for the 7-item version.

EFA analysis showed no evidence against a one-factor model with a ratio of 12.3 of the �rst (3.83) to the
second eigenvalue (0.31).

 

Hypotheses testing of the 7-item KOPEQ

The Pearson’s correlation coe�cient between; the 7-item KOPEQ and the IP was 0.77 (bootstrapped 95%
CI: 0.60 to 0.89); between the 7-item KOPEQ and S-TOPHLA was 0.15 (-0.18 to 0.44), -0.02 (-0.33 to 0.30)
and 0.14 (-0.24 to 0.46) respectively; and, between the 7-item KOPEQ and MMSE was 0.14 (-0.12 to 0.14).
These correlations were not confounded by age -0.10 (-0.37 to 0.15).

All pairwise correlations between the variables are presented in Table 3.

The Bayesian posterior distribution of the correlation between the 7-item KOPEQ and the IP is shown in
Figure 1 (mean: 0.74, mode: 0.78, 95% HPD: 0.58 to 0.89).

All �ve of our hypotheses were con�rmed (Table 3).

The original German version, as well as an English version, of the 7-item patient education questionnaire,
are now available for clinicians (see Additional �les 1 and 2).

Discussion
This article describes a second study on the validation of our initial 16-item KOPEQ (9). During this study,
we realized that the title of the questionnaire KOPEQ is not the optimal name for the questionnaire. To
more accurately re�ect the content of the included items following further validation, the title of the 7-item
Knee Replacement Patient Education Questionnaire was changed to KR-PEQ-7.

The construct validity was tested by comparing the KR-PEQ 7 (former title “KOPEQ”) with related
measures based on a priori hypotheses. All �ve hypotheses were con�rmed. The KR-PEQ-7 provides short,
clinically useful measures on the understandability and comprehensiveness of a patient education
intervention prior to a knee replacement operation. 

 

Removing �ve items
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A questionnaire should be as short as scienti�cally possible because it increases its feasibility and
practicability, which is important for use in clinical practice. The content and statistically driven reduction
from 12 to 7 items was justi�able: removal of items 2, 6 and 7 is based on the argument that these items
addressed organizational issues and not content. How to best organize a patient education intervention
is controversial. The educational format can vary signi�cantly, from the simple delivery of an information
booklet or video, to face-to-face verbal communication, to multiple group sessions (32-36). It is therefore
justi�ed, in order to improve the feasibility and practicability of the questionnaire, to remove all items
concerning the aspect of organization. Removal of item 9 was the outcome of an investigation into
internal consistency and was based on its high correlation with items 11 and 12, thus providing no
additional information. Item 10 was removed because it was already included in items 3 and 4. Generally,
we assume that these removals are in line with the COSMIN recommendations (14). The 7-item KR-PEQ-7
shows strong internal consistency

 

Construct validity by hypotheses testing

The primary a priori hypothesis on the association between the construct of the KR-PEQ-7 and the IP
(positive correlation above 0.7) was con�rmed with a Pearson’s correlation coe�cient of 0.77 (95% CI
0.60 – 0.89).

Our four secondaries a priori hypotheses were also con�rmed, with Pearson’s correlation coe�cients
below 0.30.

 

Health literacy level of the study population

The mean time that participants took to complete the S-TOFHLA in our study was 10.58 (3.87) minutes,
which accords with the completion time of 12 minutes or less for the original S-TOFHLA (37). In the
German version of the S-TOFHLA, the test must be stopped after seven minutes, and the cut-off graded.
“Adequate health literacy” at this cut-off is deemed to be 23 points (21). Our patients achieved a mean
value of 33.6 (1.89) points with no time limitation and a mean value of 23.8 (7.61) points at the seven-
minute cut-off. This is at the lower end, meaning that some of the patients did not achieve the grade of
adequate health literacy. However, with no the time limitation, our population showed good health literacy.
In addition, the MMSE scores for all patients were above 24 points. Hence, we assume that the study
population was competent to complete the questionnaire and respond to the questions of the IP measure.

Age did not in�uence our questionnaires and older people were shown to be capable of completing them.
This is in line with the results for the S-TOFHLA (21), although several studies have reported that levels of
health literacy decrease with increasing age (24-28). Our result may be explained by the fact that older
people with health conditions are likely to have accumulated a signi�cant amount of knowledge about
their condition over a lengthy period of time, which has been shown to increase health literacy levels (38).
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Limitations

Our study has limitations. We only used a sample of KR patients recruited from the cantonal hospital in
Winterthur and only 50% of the eligible people participated. This limits the generalizability of the results.

Conclusion
The KR-PEQ-7 (former KOPEQ) shows good psychometric properties and provides short, clinically useful
measures for the understandability and comprehensiveness of a patient education intervention that takes
place prior to a knee replacement operation.

Clinicians could use the KR-PEQ-7 to receive valid feedback on how patients with OA on a waiting list for
KR judge the applied patient education intervention.

Further investigation is needed to assess the applicability of the KR-PEQ-7 in larger samples in different
hospitals and countries and to investigate other psychometric properties, such as test-retest reliability.

Additionally, further research is encouraged to validate the 7-item Patient Education Questionnaire in a
population other than knee replacement patients.

List Of Abbreviations
COSMIN: (COnsensus-based Standards for the selection of health Measurement INstruments); IP:
interview protocol; KOPEQ: Knee Osteoarthritis Patient Education Questionnaire; KR-PEQ-7: 7-item Knee
Replacement Patient Education Questionnaire; KR: Knee replacement; MMSE: Mini-Mental State
Examination; OA: Osteoarthritis; PI: Principal investigator; PBT: Performance-Based Test; PROMs: Patient-
reported outcome measures; S-TOFHLA: Short Test of Functional Health Literacy.

Declarations
Ethics approval and consent to participate

The study was conducted according to the Declaration of Helsinki (64th WMA General Assembly, Brazil
2013). According to cantonal and federal law, the project did not fall within the scope of responsibilities
of the Ethics Committee of the canton of Zurich, Switzerland (Req-2016-00669).

 Eligible participants were given information about the research project at the �rst educational session,
during which written information was also distributed.

Following the second educational session, one week later, patients were asked whether they would agree
to participate in the research study. Fifty percent of the eligible participants gave their written, informed



Page 13/17

consent.

 

Consent for publication

Not applicable.

 

Availability of data and materials

The datasets collected during and/or analyzed during the current study are available from the
corresponding author on reasonable request.

 

Competing interests

The authors declare that they have no competing interests

 

Funding

This research did not receive funding.

 

Authors’ contributions

EOH and CHB designed the study and were the major contributors to writing the manuscript. AM analyzed
and interpreted the patient data. AB recruited the participants and performed the educational
interventions. AM and AB also contributed to the manuscript. All authors read and approved the �nal
manuscript.

 

Acknowledgments

The authors thank Julian Wiedenbach for conducting the participant interviews.

References
1. Bobos P, Nazari G, Lu Z, MacDermid JC. Measurement Properties of the Hand Grip Strength

Assessment: A Systematic Review With Meta-analysis. Arch Phys Med Rehabil. 2020;101(3).



Page 14/17

2. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, et al. The COSMIN study
reached international consensus on taxonomy, terminology, and de�nitions of measurement
properties for health-related patient-reported outcomes. J Clin Epidemiol. 2010;63(7).

3. Harris K, Dawson J, Gibbons E, Lim CR, Beard DJ, Fitzpatrick R, et al. Systematic review of
measurement properties of patient-reported outcome measures used in patients undergoing hip and
knee arthroplasty. Patient Relat Outcome Meas. 2016;7.

4. 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(11).

5. Hoglund LT, Folkins E, Pontiggia L, Knapp MW. The Validity, Reliability, Measurement Error, and
Minimum Detectable Change of the 30-Second Fast-Paced Walk Test in Persons with Knee
Osteoarthritis: A Novel Test of Short-Distance Walking Ability. ACR Open Rheumatol. 2019;1(5).

�. Collins NJ, Prinsen CA, Christensen R, Bartels EM, Terwee CB, Roos EM. Knee Injury and Osteoarthritis
Outcome Score (KOOS): systematic review and meta-analysis of measurement properties.
Osteoarthritis Cartilage. 2016;24(8).

7. Nazari G, Bobos P, Lu S, MacDermid JC. Psychometric properties of the single assessment numeric
evaluation in patients with lower extremity pathologies. A systematic review. Disabil Rehabil. 2019.

�. McDonald S, Page MJ, Beringer K, Wasiak J, Sprowson A. Preoperative education for hip or knee
replacement. Cochrane Database Syst Rev. 2014;5:CD003526.

9. Huber EO, Bastiaenen CH, Bischoff-Ferrari HA, Meichtry A, de Bie RA. Development of the knee
osteoarthritis patient education questionnaire: a new measure for evaluating preoperative patient
education programmes for patients undergoing total knee replacement. Swiss Med Wkly.
2015;145:w14210.

10. Peerson A, Saunders M. Health literacy revisited: what do we mean and why does it matter? Health
Promot Int. 2009;24(3).

11. Kickbusch I PJ, Haslbeck J, Apfel F, Tsouros AD. Gesundheitskompetenz Die Fakten. World Health
Organization / Deutsche Fassung: Careum Stiftung Schweiz. https://aok-
bv.de/imperia/md/aokbv/gesundheitskompetenz/who_health_literacy_fakten_deutsch.pdf. 2016.

12. Wilson IB, Cleary PD. Linking clinical variables with health-related quality of life. A conceptual model
of patient outcomes. JAMA. 1995;273(1).

13. Wilson IB, Kaplan S. Clinical practice and patients' health status: how are the two related? Med Care.
1995;33(4 Suppl):AS209-14.

14. Terwee CB, Bot SD, de Boer MR, van der Windt DA, Knol DL, Dekker J, et al. Quality criteria were
proposed for measurement properties of health status questionnaires. J Clin Epidemiol. 2007;60(1).

15. Albright J, de Guzman C, Acebo P, Paiva D, Faulkner M, Swanson J. Readability of patient education
materials: implications for clinical practice. Appl Nurs Res. 1996;9(3).

https://aok-bv.de/imperia/md/aokbv/gesundheitskompetenz/who_health_literacy_fakten_deutsch.pdf


Page 15/17

1�. Cotugna N, Vickery CE, Carpenter-Haefele KM. Evaluation of literacy level of patient education pages
in health-related journals. J Community Health. 2005;30(3).

17. Lopez-Olivo MA, Ingleshwar A, Volk RJ, Jibaja-Weiss M, Barbo A, Saag K, et al. Development and
Pilot Testing of Multimedia Patient Education Tools for Patients With Knee Osteoarthritis,
Osteoporosis, and Rheumatoid Arthritis. Arthritis Care Res (Hoboken). 2018;70(2).

1�. O'Connor MI, Brennan K, Kazmerchak S, Pratt J. YouTube Videos to Create a "Virtual Hospital
Experience" for Hip and Knee Replacement Patients to Decrease Preoperative Anxiety: A Randomized
Trial. Interact J Med Res. 2016;5(2).

19. Spalding NJ. Reducing anxiety by pre-operative education: make the future familiar. Occup Ther Int.
2003;10(4).

20. Bernard BA, Goldman JG. MMSE - Mini-Mental State Examination. In: Kompoliti K, Metman LV,
editors. Encyclopedia of Movement Disorders. Oxford: Academic Press; 2010.

21. Connor M, Mantwill S, Schulz PJ. Functional health literacy in Switzerland--validation of a German,
Italian, and French health literacy test. Patient Educ Couns. 2013;90(1).

22. Shoemaker SJ, Wolf MS, Brach C. Development of the Patient Education Materials Assessment Tool
(PEMAT): a new measure of understandability and actionability for print and audiovisual patient
information. Patient Educ Couns. 2014;96(3).

23. Terwee CB, Prinsen CAC, Chiarotto A, Westerman MJ, Patrick DL, Alonso J, et al. COSMIN
methodology for evaluating the content validity of patient-reported outcome measures: a Delphi
study. Qual Life Res. 2018;27(5).

24. Baker DW, Gazmararian JA, Sudano J, Patterson M. The association between age and health literacy
among elderly persons. J Gerontol B Psychol Sci Soc Sci. 2000;55(6).

25. Downey LV, Zun LS. Assessing adult health literacy in urban healthcare settings. J Natl Med Assoc.
2008;100(11).

2�. Paasche-Orlow MK, Parker RM, Gazmararian JA, Nielsen-Bohlman LT, Rudd RR. The prevalence of
limited health literacy. J Gen Intern Med. 2005;20(2).

27. Jovic-Vranes A, Bjegovic-Mikanovic V, Marinkovic J. Functional health literacy among primary health-
care patients: data from the Belgrade pilot study. J Public Health (Oxf). 2009;31(4).

2�. von Wagner C, Knight K, Steptoe A, Wardle J. Functional health literacy and health-promoting
behaviour in a national sample of British adults. J Epidemiol Community Health. 2007;61(12).

29. Arrindell WA, van der Ende J. An Empirical Test of the Utility of the Observations-To-Variables Ratio in
Factor and Components Analysis. Applied Psychological Measurement. 1985;9(2).

30. Cronbach LJ. Coe�cient alpha and the internal structure of tests. Psychometrika. 1951;16.

31. Team RC. R Core Team. R: A language and environment for statistical computing Vienna, Austria: R
Foundation for Statistical Computing; 2014. Available from: http://www.R-project.org/.

32. Beaupre LA, Lier D, Davies DM, Johnston DB. The effect of a preoperative exercise and education
program on functional recovery, health related quality of life, and health service utilization following

http://www.r-project.org/


Page 16/17

primary total knee arthroplasty. J Rheumatol. 2004;31(6).

33. Huang SW, Chen PH, Chou YH. Effects of a preoperative simpli�ed home rehabilitation education
program on length of stay of total knee arthroplasty patients. Orthop Traumatol Surg Res.
2012;98(3).

34. Huber EO, de Bie RA, Roos EM, Bischoff-Ferrari HA. Effect of pre-operative neuromuscular training on
functional outcome after total knee replacement: a randomized-controlled trial. BMC Musculoskelet
Disord. 2013;14.

35. Lin PC, Lin LC, Lin JJ. Comparing the effectiveness of different educational programs for patients
with total knee arthroplasty. Orthop Nurs. 1997;16(5).

3�. Mancuso CA, Graziano S, Briskie LM, Peterson MG, Pellicci PM, Salvati EA, et al. Randomized trials to
modify patients' preoperative expectations of hip and knee arthroplasties. Clin Orthop Relat Res.
2008;466(2).

37. Baker DW, Williams MV, Parker RM, Gazmararian JA, Nurss J. Development of a brief test to measure
functional health literacy. Patient Educ Couns. 1999;38(1).

3�. Gazmararian JA, Kripalani S, Miller MJ, Echt KV, Ren J, Rask K. Factors associated with medication
re�ll adherence in cardiovascular-related diseases: a focus on health literacy. J Gen Intern Med.
2006;21(12).

Tables
[Please see the supplementary �les section to view the tables.]

Figures



Page 17/17

Figure 1

Posterior Distribution of the correlation of the KOPEQ versus IP
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