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Abstract

Background: With advancements in anesthesiologic and surgical techniques, many surgeries are now performed as day-sur-
gery procedures, requiring greater responsibilities for self-management from patients during the perioperative process. Online
health information often lacks reliability and comprehensibility, posing risks for patients with low health literacy. Carpal tunnel
release (CTR) surgery, a common day-surgery procedure, necessitates effective patient education for optimal recovery and
self-management.

Objective: This study introduces the CTS Academy, a web-based education program designed for patients undergoing CTR
day surgery. The study aimed to evaluate the CTS Academy’s impact on patients’ health education literacy (HEL) compared
with self-directed online information seeking.

Methods: A scoping review on education programs focusing on the perioperative process of CTR was conducted before this
study. In a nonrandomized controlled study, 60 patients scheduled for CTR were assigned to 2 groups based on the patients’
preferences; the test group used the CTS Academy, while the control group performed self-directed online searches. HEL was
assessed using the Health Education Literacy of Patients with chronic musculoskeletal diseases (HELP) questionnaire, focusing
on patients’s comprehension of medical information (COMPR), patients’s ability to apply health-related information in an
everyday life (APPLY), and patient’s ability to communicate with health care professional (COMM). Secondary outcomes
included content comprehensibility, patient preferences, platform usability, and clinical carpal tunnel syndrome (CTS)-related
parameters.

Results: In the scoping review, 17 studies could be identified and included for full-text analysis. Eighteen patients each were
included in the test group (13 women and 5 men) and in the control group (11 women and 7 men). The average time spent in
the study was 167 and 176 days for the test and control groups, respectively. The test group showed significant improvements
in APPLY (mean 28, SD 7.99 vs mean 24, SD 5.14; P<.05) and COMM (mean 30, SD 10.52 vs mean 25, SD 6.01; P=.02)
after using the CTS Academy in a longitudinal analysis. No significant changes were observed in the control group. In a
comparison between groups, the test group had significantly higher APPLY scores at follow-up (mean 24, SD 5.14 vs mean
33, SD 14.78; P=.044) and fewer comprehension issues at baseline (mean 38, SD 16.60 vs mean 50, SD 19.00; P=.03). The
CTS-related knowledge assessment yielded 92% (66/72) versus 90% (65/72) correct answers in the test and control groups,
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respectively. The test group rated the CTS Academy highly in usability (6.22 of 7.00 points) and utility (6.13 of 7.00 points).
Preferences leaned toward using CTS Academy alongside doctor consultations (16/18, 89%) and over self-directed searches
(15/18, 84%). No significant differences were found in CTS-related symptoms between groups.

Conclusions: The CTS Academy effectively enhanced patients” HEL, especially in applying and communicating medical
information. The platform’s usability and utility were rated favorably, and patients preferred it over independent online
information seeking. This suggests that structured, web-based education enhances patient self-management during the day
surgery process.
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Introduction

Background

Due to continuous advancements in surgical and anesthesio-
logic techniques, an increasing number of surgical inter-
ventions are being performed in a day surgery setting.
Consequently, patients spend less time in the hospital
and are often overwhelmed by a large amount of informa-
tion regarding their condition and the perioperative proc-
ess provided during face-to-face interactions with medical
professionals [1]. Thus, patients are required to assume
greater responsibilities for self-management and self-care
at home [1]. However, many patients lack the necessary
knowledge and ability to effectively manage the day surgery
situation, leading to an increased demand for comprehensive
patient education [2]. Patients seeking online health informa-
tion frequently encounter the risk of unreliable sources and
incorrect information due to insufficient quality control or
issues with comprehensibility [3]. Considering the low health
literacy levels among some patients, this poses a substantial
threat to effective health communication and patient safety
[4].

Despite the low-risk profile of many ambulatory inter-
ventions, the recovery phase poses challenges, emphasizing
the need for patient self-management and comprehensive
education programs addressing both physical and psycho-
logical aspects [1,5] to empower patients. Patient empower-
ment can be defined as “a process through which people
gain greater control over decisions and actions affecting
their health” [6]. It can be achieved through patient educa-
tion, a “process of assisting consumers of health care to
learn how to incorporate health related behaviors (knowl-
edge, skill, attitude) into everyday life with the purpose of
achieving the goal of optimal health” [7]. This approach
should provide patients with the health-related knowledge
and skills to manage their medical conditions effectively
[8]. Closely related is the concept of health education
literacy (HEL), a patient’s “cognitive and social skills [...]
to understand and use the information as conveyed in health
education programmes” [9]. HEL is based on the concept
of health literacy and consists of three dimensions, that
are (1) the patient’s ability to apply health-related informa-
tion in an everyday life (APPLY), (2) the patient’s ability
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to communicate with health care professionals (COMM),
and (3) the patient’s comprehension of medical information
(COMPR) [9].

Goal of This Study

Open carpal tunnel release (CTR) surgery is a common
day-surgery procedure for carpal tunnel syndrome (CTS)
[10]. CTS affects approximately 3% of the general adult
population [11] and is caused by compression of the median
nerve and results in symptoms such as weakness, tingling,
and pain [12]. In a recent meta-analysis, CTR as gold
standard treatment results in reliable improvements in hand
function and symptom severity on the long-term follow-
up, while manual therapy only provides short term effects
regarding pain relief [13]. To address time constraints and
information overload experienced by patients during clinical
visits and to enhance their comprehension of their medi-
cal condition and treatment, we aim to introduce the CTS
Academy, a patient-centered web-based education program,
in this study. Since the implementation of patient-centered
web-based education programs focusing on the perioperative
process of CTR is rare, a scoping review was conducted
before this study to highlight recent gaps in existing research.
Our program is tailored to the specific needs of patients
undergoing day surgery for CTR and aims to provide valid
and comprehensible information in a familiar environment,
thereby facilitating patient self-management.

In a nonrandomized controlled study, we aimed to evaluate
the CTS Academy for its effect on patients’ HEL compared
with self-directed online information seeking, 3 weeks after
CTR (in comparison with the baseline survey).

We hypothesize that HEL is increased by participat-
ing in a web-based, structured educational programme
(CTS Academy) for patients undergoing CTR. Furthermore,
we examine the comprehensibility of educational content,
patients’ preferences in education, the usability of the CTS
Academy platform, and clinical changes in CTS-related
parameters. Our research addresses the scarcity of comparable
implementations and aims to acquire further insights into the
existing limited quantitative research in this domain.
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Methods

Scoping Review of the Literature

Before the conduction of this study, we performed a
scoping review of literature discussing the quality of online
CTS information. From September to December 2022, we
searched Epistemonikos, the Cochrane Library, PubMed,
Connected Papers, and Google Scholar. Search prompts were
for example “perioperative education,” “web-based,” “carpal
tunnel release,” and “structured patient education,” and the
complete search strategy can be requested from the authors.
The search aimed to identify systematic reviews, original
research, and related studies on web-based patient education
and online information for patients undergoing open CTR
surgery. No filters were applied for publication date or
status, but only English and German full texts were analyzed.
Publications with low evidence levels or lacking full study
descriptions were excluded, while a broad search strategy
ensured relevant materials not explicitly titled as web-based
education were included. Reporting was performed based
on the Joanna Briggs Institute Scoping Review Reporting
Template [14] and the PRISMA-ScR (Preferred Reporting
Items for Systematic reviews and Meta-Analyses extension
for Scoping Reviews) Checklist [15].

Design of the CTS Academy

We implemented the CTS Academy platform prototype using
Microsoft Sway [16], a freely accessible web-based software
for creating single-page websites.

The target group for this program consists of patients
scheduled for open CTR day surgery who seek relevant
information related to physical and mental preparation for
CTR surgery.

The goal of CTS Academy is to assist patients prepar-
ing for surgery and managing the postoperative phase by
providing textual information, multimedia content, self-check
quizzes, downloadable or printable checklists for patients’
self-directed online learning.

In the CTS Academy, we primarily focus on biophysiolog-
ical, functional, experiential, and social aspects, excluding
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financial information due to the Austrian public health
insurance system. The ethical and cognitive perspectives,
emphasizing patient recognition, appreciation, and knowledge
form the foundation of the CTS Academy. Patient education
programs that prioritize patient-centeredness and engagement
rely on evidence-based strategies, including plain language
and multimodal information delivery [17]. Keulers et al
[18] propose practical implications for interactive patient
education, advocating for varied information presentation
through text, graphics, and videos, with structured text
using headings and subheadings. Summaries of lengthy
texts determine the relevance of content, and the inclu-
sion of graphs, pictures, and patient role models, such
as animated characters, aids comprehension [18]. Incorpo-
rating entertaining elements, such as storytelling, enhances
patients’ self-efficacy, with a preference for visual materi-
als like videos and images over plain text [19,20]. Modular
approaches, including basic modules for essential knowledge
and additional modules for in-depth information on living
with a specific disease, are also recommended [20].

The CTS Academy is based on the information provided
for informed surgery consent [21], but adds further structured
and comprehensive content for various stages of day surgery.
Furthermore, we included aspects of mental preparation for
surgery [22-26]and instructions for the postoperative period,
as well as training exercises [27]. Patients can use a printable
checklist for perioperative preparation and access external
links, for example, the Austrian pharmacy search to locate
nearby pharmacies after hospital discharge. An animated
character named Karla serves as a patient role model,
guiding patients through the day-surgery process and sharing
important advice. To improve accessibility, the spoken text is
also displayed as written text throughout the entire video.

While the platform lacks structured patient assessments,
it encourages self-assessment based on chapter summaries
and offers knowledge checks. In Multimedia Appendix 1,
we outline the content and media types presented on the
CTS Academy platform. In Figure 1, screenshots of the CTS
Academy platform are presented.
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Figure 1. Screenshots of CTS academy including textual explanations of its content. It aims to support patients in preparing for surgery and
managing postoperative recovery through self-directed online learning by offering textual information, multimedia content, self-check quizzes, and

downloadable or printable checklists.
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Design of the Evaluation Study

Between April 2022 and April 2023, all patients presenting
with CTS symptoms at the Department of Orthopedics and
Traumatology and scheduled for CTR surgery after medical
assessment were assessed for eligibility for inclusion in this
nonrandomized, controlled, confirmatory study.
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» Explanation of the project, the platform, project
goals, relevance for the patients etc.

» Why should I - as a patient - use this?

* Short summary at the beginning of a new chapter
» Most important information as overview

»  Quick decision for continue reading or not

* Information on preoperative situation

* Short summary
* Followed by longer and more detailed explanation

» Images for better comprehensibility

* Video with spoken and written text

* Animated character “Karla” as a patient role
model, sharing advice for undergoing CTS

surgery
* Information on perioperative situation

* Mental preparation for targeting stress and
anxiety before surgery

> Talks, exercise, music, breathing exercises,
essential oils etc.

» Short quiz for checking understanding of
important information

» What is CTS? recurrence after surgery? etc.

During consultations, patients received detailed informa-
tion about their condition and perioperative procedures. After
obtaining written informed consent for CTR, we introduced
the CTS Academy study and explained the test or control
groups. Allocation to the groups was based on the patient’s
preference —either participation in CTS Academy or self-
directed online information seeking.
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Inclusion criteria were a scheduled appointment for CTR
surgery, voluntariness and age of majority (18 y of age
or older), physical and cognitive aptitude to participate,
sufficient language skills of written and spoken German, and
access to web-connected devices.

Furthermore, patients needed sufficient skills for internet
use and an active pursuit of online health information.

Patients in the test group were granted unlimited access
to the CTS Academy (from informed consent to surgery
until 3 w postoperatively), while the control group conduc-
ted independent online searches. Throughout the self-study
period of both groups, reminders were sent via SMS text
messages or email to encourage information access.

Participants completed an online questionnaire after
inclusion for the study, and 3 weeks postoperatively (follow-
up appointment). As the CTS Academy study was conducted
with German-speaking patients, all questionnaires were used
in validated German versions.

The primary outcome was assessed using the Health
Education Literacy of Patients with chronic musculoskeletal
diseases (HELP) questionnaire by Farin, Ullrich, and Nagl
[9]. It comprises 3 subtopics, that are comprehension of
medical information (COMPR), applying medical informa-
tion (APPLY), and communicative competence in provider
interactions (COMM). Patients rated their perceived difficulty
in health-related situations on a S-point scale, with lower
values indicating fewer difficulties.

Secondary outcomes included assessing the comprehen-
sibility of content provided in the CTS Academy using
the Comprehensibility Of Health Education Programmes
(COHEP) questionnaire by Farin-Glattacker et al [28] and
Farin, Nagl, and Ullrich [29]. This questionnaire comprises
4 subscales: transferability scale, medical information scale,
amount scale, and the trainer scale, while the latter was
dismissed because we did not offer lessons by a trainer [29].
Patients had to rate the amount of information provided or the
perceived usefulness of information on a 6-point ranging from
1 (strongly agree) to 6 (strongly disagree).

Knowledge checks involved answering 4 statements about
CTS and its treatment [30] to check their knowledge at
baseline after inclusion to the study, and 3 weeks postoper-
atively.

Patient preferences of information seeking in the test
group were assessed using the following statements on a
5-point rating scale (1=strongly disagree, 2=disagree, 3=no
preference, 4=agree, and 5=strongly agree) in the follow-up
questionnaire:

e I prefer the additional use of the CTS Academy (in
addition to talking with a doctor) over the sole standard
patient information provided in the medical informed
consent conversation.

* | prefer the use of the CTS Academy over independent
online information-seeking.

Usability and utility were evaluated using selected items of
meCUE 2.0 [31], rated in the follow-up questionnaire on a
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7-point scale ranging from 1 (strongly disagree) to 7 (strongly
agree).

Clinical CTS-related parameters were examined using the
validated German-language version [32] of the Boston Carpal
Tunnel Questionnaire (BCTQ) [33] using symptom severity
scale, functional status scale, as well as the total BCTQ score
at baseline and follow-up.

Before patient testing, we conducted a pre-, pilot-, and
prototype testing of the CTS Academy platform in August
2021 to examine the usability as well as to detect function-
ality and usability issues. This testing involved 16 volun-
tary participants: 11 laypersons (some with previous CTS
surgery experience) and 5 experts in hand surgery, psychol-
ogy, sociology, e-learning, and online didactics. Laypersons
were asked to imagine themselves in the role of CTS patients
undergoing surgery. Experts reviewed the platform professio-
nally. The feedback and suggestions were discussed with
the other project team members and led to updates in pre-
and postoperative recommendations, as well as revisions for
clarity and gender-appropriate language (shortening of the
sentence length, simplifying certain terms, and standardizing
gender-inclusive language). Recommendations were added
regarding preoperative and postoperative smoking abstinence,
as well as the ergonomic use of computer mice and key-
boards after surgery. A chapter about the author of the CTS
Academy was added.

Statistical Analysis

Sample Size Estimation and Enroliment

We performed sample size estimation in G*Power (ver-
sion 3.1.9.7) [34] using the following parameters: Wilcoxon-
Mann-Whitney test (2 groups), 1-tailed hypothesis, Cohen
d of 0.8, a error probability of 0.05, and power of 0.8
[35]. This yielded a required sample size of 21 patients
per group, totaling 42 patients. Anticipating a 20% drop-
out rate, we aimed to recruit at least 50 patients. How-
ever, due to the COVID-19 pandemic’s impact on surgical
resourced and increased dropouts, we ultimately enrolled 60
patients. Between April 2022 and April 2023, 60 patients
scheduled for open CTR at our hospital participated in the
CTS Academy study. Patients presenting with CTS symptoms
at the hand surgery outpatient clinic underwent diagnos-
tic evaluation, and those requiring surgery were scheduled
accordingly. During preoperative consultations, they received
information about the procedure, risks, and postoperative care
before providing written informed consent. Eligible patients
—adults with sufficient German language skills, cognitive
and physical ability, regular internet use as well as willing-
ness to seek online health information—were invited to join
the study. No restrictions were placed on gender or educa-
tion to ensure a representative sample. Interested patients
could assign themselves to either the test group (structured
web-based education) or control group (self-directed online
information seeking) and received study details, including
access to an online baseline questionnaire. Those in the
test group were provided instructions for using the CTS
Academy platform. Throughout the study, patients received
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reminders via email and SMS to complete study-related tasks,
including the baseline and follow-up questionnaires. They
were also notified before surgery and received postopera-
tive messages encouraging engagement. Nonresponders were
contacted within 2 days. Throughout the study, participants
could reach the study team via phone, SMS, or email.

Data Exclusion and Dropouts

In our online questionnaires, all fields were mandatory
except for the BCTQ functional scale, as some patients may
not perform tasks specified in this BCTQ scale. Patients
could review and change their answers before submitting
the questionnaire. In the test group, 1% (2/144) of values
were missing at baseline and at follow-up. In the control
group, 6% (8/144) and 1% (2/144) were missing at baseline
and follow-up, respectively. Following BCTQ guidelines,
we excluded participants with more than 1 missing value,
resulting in the exclusion of 1 participant from each group
[36]. Since BCTQ activities are not directly comparable (eg,
holding a book, doing chores, and getting dressed), missing
values were not imputed.

Due to the per-protocol analysis of this study, 12 patients
in each group dropped out of the study due to various
reasons such as nonsubmission of questionnaires, withdrawal
of consent, or canceled surgery appointments.

Data Preparation and Analysis

Microsoft Excel 16.72 for Mac, and IBM SPSS (version 29)
were used for statistical testing.

Descriptive statistics included means and SD as well as
the IQR to identify potential outliers. Normal distribution was
tested using the Shapiro-Wilk-Test. The HELP questionnaire
results were analyzed by summing each subscale (APPLY,
COMM, and COMPR) for individual patients and transform-
ing these sums to a 0-100 scale. Delta values between pre-
and postoperative scores (DIFF_APLLY, DIFF_COMM, and
DIFF_COMPR) were calculated.

Depending on the parameters’ normal distribution, either
the exact Wilcoxon test or the ¢ test for dependent variables
and the Mann-Whitney U test or the ¢ test for independent
variables were used for comparisons. The total HELP score
(a sum of the subtypes APPLY, COMM, and COMPR) was
tested at baseline, follow-up, and as difference between the
former using the multivariate analysis of variances (MAN-
OVA).

Nominal data were tested using the chi-square test or the
Fisher exact test if the requirements of the former test were
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not met. Effect sizes were determined using Psychometrica
[37].

Demographic data were examined for group comparabil-
ity, focusing on age and educational level. Statistical tests
were primarily 1-sided, with significance set at P<.05.
We converted results from default 2-sided tests to 1-sided
outcomes and did not perform subgroup analyses.

The COHEP questionnaire results were analyzed by
summing subscales and transforming them to a 0-100 scale.
Knowledge check results were reported as the frequency
of correct answers within each group. Usability and util-
ity of the CTS Academy platform were assessed using
the meCue 2.0 data template [38]. For the assessment of
CTS-related symptom changes, symptom severity, functional
status, and total BCTQ, of which a delta value (DIFF_BCTQ)
was calculated, were compared between cohorts as well as
longitudinally.

Ethical Considerations

This study was approved and registered by the institutional
review board (EK1212-2021). Written informed consent
(Multimedia Appendix 2) based on the hospital’s regulative
for clinical studies was obtained from every patient willing
to participate in the study. To maintain data security, patients
were pseudonymized by assigning each one an alphanumeric
ID at the time of study enrollment. This ID was used
exclusively for all surveys. A list of IDs alongside patient
names was kept in the study office and was accessible to the
project management team, for example, to use the reminder
system (eg, reminders to complete the questionnaire). During
the analysis of the results, it was not possible at any time
to link the identity of the test participants to the available
data. No identification of individual participants in any of the
figures or additional material is possible. Patients received no
compensation for study participation.

The study was reported using the CHERRIES (Check-
list for Reporting Results of Internet E-Surveys) checklist
(Multimedia Appendix 3) [39].

Results

Scoping Review

In total, 17 reports were included for full-text analysis,
finding that patients searching online for CTS information
risk encounter incorrect or confusing content [3], which
underlines the need for reliable education programs. An
overview of the results is presented in Table 1.

Table 1. Outcomes of the 17 references included in the scoping review on patient-centered web-based education programs focusing on the

perioperative process of carpal tunnel release conducted in Epistemonikos, the Cochrane Library, PubMed, Connected Papers, and Google Scholar up

to December 2022, discussing the quality of online carpal tunnel syndrome information.

Reference Topic

Relevant results

Complexity of online information on hand

Cook et al [40] surgery

The recommended 6th-grade reading level was not met in any of the
analyzed CTS® material, which decreases understandability for many
patients.

https://formative jmir.org/2025/1/e65114
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Reference

Topic

Relevant results

Goyal et al [41]

Lutsky et al [42]

Steimle et al [43]

Ozbek et al [44]

Fang et al [45]

Frueh et al [46]

Frické et al [47]

Beredjiklian et al [48]

Kwak et al [49]

Johnson et al [50]

Eberlin et al [51]

Mert and Bozgeyik [52]

Sproule et al [53]

Ozdemir et al [54]

Park et al [55]

Akinleye et al [56]

Analysis of misleading CTS information in
YouTube videos

Re-evaluation of CTS information on the
internet (updated study from 2000)

Comparison of online CTS information with the
Clinical Practice Guidelines of the American
Academy of Orthopaedic Surgeons

Quality and reliability of CTS videos on
YouTube

Content and design of online CTS education
handouts

Quality of online CTS information

Indicators of accuracy for online CTS
information

Source and content quality of online CTS
information

Quality and reliability of CTS YouTube videos

Comprehensibility and applicability, cultural
sensitivity, and readability of English and
Spanish online CTS information material

Readability of online CTS material

Quality and content of YouTube videos about
CTS

Quality of online information about carpal tunnel
release, Dupuytren’s fasciectomy, and trigger
finger release

Quality and reliability of CTS videos on
YouTube

Accuracy of online CTS images

Readability of online hand pathology material
including CTS

78% (47/60) of the analyzed videos contained at least 1 potentially
misconception-reinforcing statement, more than 335% (21/60)
contained more than 3 statements, mostly on CTS causes and
treatment options.

Significant improvement of online CTS information quality
(P<.001), further improvement is needed.

Incorrect information might provoke misunderstandings and potential
risks for patients.

Significant differences in reliability and informational scores (P<.05)
depending on the source of the video, and generally low reliability
and educational quality.

Handouts contained misleading information, lacked references or
citations, and were complicated to understand.

Significant difference in information quality in older compared to
newer CTS websites (P<.001). Significant difference in explaining
the handling of complications (P=.03).

Indicators like high Google ratings and inlinks were correlated with
accuracy (P<.05).

Several websites had misleading or unconventional about CTS
treatment. The mean information value score of all websites was low
and differed based on authorship.

Low reliability and low educational quality of the analyzed videos.

Low comprehensibility, applicability, and readability scores, and no
statistically significant differences in the overall educational quality
between English and Spanish material.

The recommended 6th grade reading level was not met in any of the
analyzed CTS material, which decreases understandability for many
patients.

Generally insufficient quality of content, only few videos reached
good scores for global quality and accuracy.

The majority of material provided accurate but incomplete
information, and a lack of information on prognosis and
complications of surgical treatment.

Overall low quality of videos concerning accuracy and transparency.
Lack of information on treatment risks and benefits. Significantly
better scores when authored by medical centers (P=.02).

Only 30% (6/20) of the analyzed images had incorrect anatomical
information, for example, the position of the median nerve.

The recommended 6th grade reading level was not met in any of the
analyzed CTS material, which decreases understandability for many
patients.

4CTS: carpal tunnel syndrome.

Patient Characteristics

Between April 2022 and April 2023, 30 patients were

The average educational phase duration (CTS Academy

platform or self-directed online information seeking) was 167

(range 43-267) days, from inclusion to 176 (range 43-253)

enrolled in each group. Figure 2 displays a flowchart of days postoperatively.
patients including the reasons for dropout.

Ultimately, both the test and the control group comprised
of 18 patients each, whose characteristics are summarized in

Table 2.
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Figure 2. Consort flowchart of patients’ enrollment, follow-up, and analysis in the test group (CTS Academy) and control group (Self-directed online

information seeking). CTR: carpal tunnel syndrome; CTS: carpal tunnel sydrome; HEL: health education literacy.

Identify potential participants among
patients presenting for CTR

Obtain informed consent and patient-prefered
allocation to groups (n=60)

Test group (n=30) Control group (n=30)

———

Collection of demographic data,
assessment of baseline HEL, CTS-
related knowledge and symptoms at the

time of inclusion

/\

Test group (n=26):
withdrawal of consent (n=1),
no questionnaire submitted (n=3)

Control group (n=27):
withdrawal of consent (n=1),
no questionnaire submitted (n=2)

I

Test group:
Use of CTS Academy

I

I

Control group:
Self-directed online
information seeking

!

Assessment of the platform’s usability
and utility (test group)

Assessment of baseline HEL, CTS-
related knowledge and symptoms at
three weeks postoperatively

———

Test group (n=18):
withdrawal of consent (n=1),
no questionnaire submitted (n=2),
cancellation of surgery appointment (n=5)

Control group (n=18):
withdrawal of consent (n=1),
no questionnaire submitted (n=3),
cancellation of surgery appointment (n=5)

Table 2. Patient characteristics and demographics of the final test group (CTS Academy platform) and control group (self-directed online information

seeking).
Control group (n=18),
Categories and subcategories Test group (n=18),n n
Sex
Male 5 7
Female 13 11
Age group
<30 years 0 0
30-40 years 4 3
41-50 years 3 3
51-60 years 5 2
61-70 years 3 6
71-80 years 1 4
>80 years 2 0
Highest education
Compulsory schooling or less 2 5
High school (without A-levels) or apprenticeship 11 9
High school with A-levels, diploma, apprenticeship on “Master” level 4 4
Undergraduate degree (bachelor) 1 0
Graduate degree (master, PhD, etc) 0 0
CTS? surgery
First time 14 11
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Control group (n=18),

Categories and subcategories Test group (n=18),n n
Previous CTS surgery (other hand) 4 6
Previous CTS surgery (same hand) 0 0
Previous CTS surgery (both hands) 0 1

Internet use
Several times a month 5 7
Several times a week 5 3
Daily 8 8

Average duration of CTS Academy use (days)

167 (range 43-267) 176 (range 43-253)

4CTS: carpal tunnel syndrome.

Primary Outcome

Outcomes of the primary parameter and its subtypes are
presented in Table 3 and Table 4.

Table 3. Outcomes (pre-post intervention analysis) of health education literacy of patients with chronic musculoskeletal diseases questionnaire
(health education literacy) via subitems comprehension of medical information, applying medical information, and communicative competence in
provider interactions of the final test group (CTS Academy) and control group (self-directed online information seeking) including statistical results
(all P values are reported as 1-sided P values).

APPLY? COMMP COMPR®
Baseline, Follow-up, P value Baseline, Follow-up, P value Baseline, Follow-up, P value
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
Test group 28 (7.99) 24 (5.14) 0064 30 (10.52) 25 (6.01) 01792 38 (16.60) 35(9.90) 24
(n=18)
Control 33 (14.17) 33 (14.78) ) 35(17.12) 30 (15.19) 0596 50 (19.00) 46 (23.75) .18
group
(n=18)

2APPLY: applying medical information.

PCOMM: communicative competence in provider interactions.
®COMPR: comprehension of medical information.
dStatistically significant results (0.<.05).

Table 4. Outcomes (comparison between groups [P values]) of health education literacy of patients with chronic musculoskeletal diseases
questionnaire (health education literacy) via subitems comprehension of medical information, applying medical information, and communicative
competence in provider interactions of the final test group (CTS Academy) and control group (self-directed online information seeking) including

statistical results (all P values are reported as 1-sided P values).

APPLY? COMMP COMPR® HELY
Baseline 2 3 03¢ 13
Follow-up 04¢ 27 06 05¢
Difference 09 38 37 _f

2APPLY: applying medical information.

bCOMM: communicative competence in provider interactions.
“COMPR: comprehension of medical information.

dHEL: health education literacy.

CStatistically significant results (a<.05).

fNot applicable.

In the test group, we found a statistically significant decrease
in the group means for APPLY (P=.006) and COMM
(P=.02) after using the CTS Academy, compared with
baseline. However, we found no statistically significant
difference regarding the COMPR subparameter. An overview
of statistically significant postoperative changes on item-level
is provided in Multimedia Appendix 4. In the control group
analysis, we found no statistically significant difference.

https://formative jmir.org/2025/1/e65114

In the comparison between the test and control group,
significantly higher APPLY values were found in the test
group during the follow-up assessment (P=.04). For COMPR,
we found the test group had significantly fewer problems with
comprehension of medical information at baseline (P=.03).

We found a statistically significant difference between
the groups on the combined dependent variables at follow-
up (P=.05). In the subsequent post hoc univariate ANOVA
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for each dependent variable (between-participant effects), we
found a statistically significant difference between the groups
for APPLY in the follow-up examination (P=.007).

Secondary Outcomes

As lower means indicate better results, we found the CTS
Academy yielded good results on the transferability (mean
27, SD 9.74) and the medical information scale (mean 28, SD
10.12) and scored average results for the amount of medical
information provided (mean 58, SD 24.61).

Both groups achieved high accuracy in describing CTS
and the surgical procedure at baseline (63/72, 88% vs 62/72,
86% in test group and control group). At follow-up, the test
group showed an average accuracy of 92%, with incorrect
answers for only 1 statement. The control group yielded an
average accuracy of 90% with incorrect answers for all 4
statements. No control group patient answered all statements
correctly.

Regarding patients’ preference for using the CTS
Academy, 10 out of 18 (56%) patients totally agreed and 6

Seel et al

out of 18 (33%) agreed that they preferred the additional use
of the CTS Academy (in addition to the consultation of a
medical doctor). Furthermore, 2 patients had no preferences.
When asked whether they preferred the CTS Academy over
independent online information-seeking, 10 out of 18 (56%)
patients totally agreed and 5 out of 18 (28%) agreed, while 3
patients had no preferences.

Patients rated usability with a mean 6.22 (SD 0.82) points
(4.67 to 7.00 points), and utility with a mean 6.13 (SD 0.89)
points (4.00 to 7.00 points).

The CTS-related symptoms assessed via the BCTQ are
displayed in Table 5.

We found no statistically relevant differences between the
groups (comparison of groups at baseline: P=.34 [2-sided],
follow-up: P=.47 [2-sided], and for DIFF_BCTQ: P=.86
[2-sided]).

Table 5. Carpal tunnel syndrome-related symptoms of test group and control group at baseline and follow-up, assessed with the Boston carpal tunnel

questionnaire.

Symptom severity, mean (SD)

Functional status, mean (SD)

Baseline Follow-up Baseline Follow-up

Test group (n=18) 3.03 (0.68) 199 (0.71) 224 (0.73) 224 (0.87)

Control group (n=18) 3.36 (0.92) 2.19 (0.98) 2.40 (1.04) 2.48 (1.04)
Discussion Patients preferred the CTS Academy over self-directed
online searches, indicating its value as a reliable informa-
P tion source. We conclude that integrating the CTS Academy
Pr,nC'p al Results into patient education could effectively enhance access to
This study introduced the CTS Academy to improve information and understanding of the perioperative situation,

patients’ HEL compared with self-directed online informa-
tion seeking. Significant improvements were observed in the
HELP subscales APPLY and COMM within the test group,
indicating that the CTS Academy enhances patients’ ability to
apply medical information and communicate with health care
professionals. Patients in the study group rated both utility
(usefulness) and usability (ease of use) of the CTS Academy
favorably.

CTS Academy content was evaluated favorably for
transferability and medical information, with average ratings
for the amount of medical information provided. Develop-
ment relied on existing research in clinical patient educa-
tion due to a lack of comprehensive guidelines, potentially
affecting perceived content quality [17]. Future improve-
ments could involve personalized pathways based on patient
knowledge levels.

Both groups showed strong understanding of CTS etiology
before and after the intervention. The test group’s understand-
ing of CTR surgery improved notably, with all participants
(N=18) having all answers correct at follow-up. Misconcep-
tions about complete symptom removal persisted in both
groups, which might be due to a focus on postoperative
recovery over potential complications.

https://formative jmir.org/2025/1/e65114

complementing discussions with medical professionals during
informed consent.

High ratings for utility and usability suggest the platform
is user-friendly and effective for CTR day surgery.

No significant differences were found between groups
regarding perceived symptom severity or functional status,
reflecting consistent surgical intervention.

The CTS Academy is the first web-based patient education
program for CTS. No direct comparisons in medical literature
are available, especially because no comparable programs
have health education as primary outcome. Future updates
to the CTS Academy will focus on restructuring content and
enhancing readability and comprehensibility. The platform
has the potential to evolve into an educational program
with user accounts, enabling patients to follow structured,
personalized learning paths. The integration of technologies
such as artificial intelligence could further personalize and
enhance the learning experience. Another future goal of
this project is expanding the platform to include multiple
languages relevant to clinical practice at our hospital.
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Comparison With Previous Work

Patient education is crucial for day surgery, as it helps prevent
adverse events and rehospitalization [57]. Pekonen et al [58]
conducted a systematic review on tools for measuring patient
empowerment after patient education interventions. While the
Health Education Impact Questionnaire is well-established
[59], the HELP questionnaire specifically addresses HEL.
Because the latter not just assesses knowledge acquisition
but also patients’ ability to apply and understand educational
interventions, it was deemed more appropriate for the CTS
Academy study.

A publication by Farin-Glattacker et al [28] assessed HEL
using the HELP questionnaire as an outcome measure in
patients undergoing rehabilitation for chronic back pain or
osteoarthritis [60]. The study group stated a high level of
self-reported HEL, with the average patient experiencing
slight difficulty on the APPLY and COMM scales, and slight
to moderate difficulty on the COMPR scale [9]. It aligns
with the findings from the CTS Academy that difficulty in
understanding medical terminology appears to be a common
challenge [61-64].

Regarding computer-based education on CTS, a random-
ized study compared knowledge levels and satisfaction scores
between patients receiving the same information either using
computer-based education or using face-to-face education
with a medical doctor. Ultimately, the computer-based
education group scored significantly higher on the knowledge
questionnaire [35].

In total, 2 previous publications focused on the topic
of structured web-based patient education versus self-direc-
ted online information seeking. Finkelstein and Bedra [65]
conducted this comparison on hypertension knowledge in 60
patients with hypertension. The test group used a structured
web-based patient education program on hypertension, while
the control group searched the internet for information. The
test group showed significantly higher hypertension knowl-
edge scores compared with the baseline and compared with
the control group. Semistructured interviews indicated a
better learning experience in the test group, particularly for
those with limited computer and internet experience. Castro
et al [66] found comparable results in a similar cohort study.
Thus, both concluded that web-based patient education was
effective for hypertension learning, even for participants with
limited internet experience [65,66].

Although health literacy is often seen as empowering, it
does not automatically lead to empowerment [67]. Health
education is crucial for promoting health literacy [67], with
health knowledge being a key dimension [68,69] according
to the conceptual model of health literacy by Sgrensen et al
[70]. Low health literacy levels are associated with poorer
health outcomes, increased morbidity and mortality [71],
highlighting the importance of patient education. Several
studies have proven that multimedia education programs can
improve health knowledge, such as in patients with type 2
diabetes [72]. Despite existing literature on digital health
interventions for improving health literacy, only few studies

https://formative jmir.org/2025/1/e65114
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specifically measure health literacy outcomes, often focusing
on knowledge-related outcomes instead [73]. This distinction
underscores the importance of CTS Academy’s focus on
HEL.

Various publications on web-based patient education
address the quality and readability of online educational
materials, but few compare structured web-based patient
education and self-directed online information seeking. Many
examined online resources presenting orthopedic, trauma
surgery, pediatrics, or cardiology content [74-76] exceed
the recommended sixth-grade reading level [77], posing
comprehension challenges. The quality and accuracy of
online educational resources varies, with those authored
by medical professionals only being slightly better than
those authored by commercial organizations or laypersons
[44,48,54]. Due to a lack of structured analyses of German
educational online resources, quality and accuracy of online
information for German-speaking CTS patients cannot be
assessed. However, studies indicate that more than one-third
of German-speaking orthopedic patients used the internet
before their hospital appointment, and 80% (63/79) of these
patients intended to gain additional knowledge of their
condition and treatment options. The majority of patients
performing self-directed online information seeking would
recommend it to other orthopedic patients [78]. Hertling et
al [79] reports that 66% (832/1262) of orthopedic patients
used the internet as a source of disease-related information,
and the majority found the information trustworthy and
useful. However, it is unclear whether patients can assess the
reliability and correctness of online information and identify
incorrect information [79]. While both studies indicated
widespread use and acceptance of online sources among
German orthopedic patients, the quality of the information
sources remains unexamined.

Comparing the comprehensibility of CTS Academy
content with other programs using the COHEP questionnaire
is challenging due to differing contexts. Existing studies by
Farin-Glattacker et al [28], Nagl et al [60], and Finkelstein et
al [65] focused on different patient populations and did not
provide detailed comparative data.

Patients provided positive feedback on CTS Academy’s
usability and utility, appreciating its design and function-
ality, facilitating effective access and utilization of educa-
tional materials. Overall, these findings suggest that the CTS
Academy is a valuable tool for educating and supporting
patients undergoing day surgery for CTR.

In our study, we collected postoperative clinical parame-
ters 3 weeks after CTR. Our clinical results align with the
ones published by Mack et al [80] at 10-14 days postopera-
tively and Kim et al [81] and Aloi et al [82] at 14 days
postoperatively, despite slight differences in patient character-
istics and surgical approaches.

Limitations

This study also involves several limitations. The study was
affected by COVID-19, especially by prolonged surgery
waiting times leading patients to cancel their surgery
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appointments. This led to a smaller sample size than intended,
potentially biasing our results. Furthermore, the patient-per-
formed allocation process may have introduced selection
bias. Moreover, group sizes were relatively small, poten-
tially affecting the generalizability of the results. We did
not ask patients to monitor the duration of information-seek-
ing or the frequency of use of the CTS Academy. In
addition, the quality of information accessed by the control
group was not controlled, which could have influenced their
outcomes and skewed comparisons with the intervention
group. However, both groups completed identical baseline
questions on CTS before accessing the platform content or
other online resources, ensuring a basic understanding of
the scope of information. These questions required basic
knowledge, independent of the depth of research or exclu-
sive platform content. This highlights a common challenge
in independent online research, that is, patients struggle to
identify essential information, and available content can be
difficult to interpret. While the test group benefited from
a patient-centered platform design, this advantage did not
extend to the fundamental information itself. To preserve
the natural research and learning process, patients were not
required to document their sources, as this might disrupt
their learning experience. For privacy reasons and to prevent
artificially inflated research activities, browser histories were
not collected to avoid potential identification or bias. In future
research, randomization allocation to either the test or control
group should be conducted to further investigate effects of
the CTS Academy platform on HEL, ensuring that the results
are not affected by a selection bias. In terms of usability,
common usability testing guidelines report that 5 participants
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already detect almost all of the possible errors in a product
[83]. Therefore, the usability conclusions can be seen as
valid despite of the generally decreased study’s power and
generalizability.

Conclusions

Knowledge is commonly measured as a primary outcome
in patient education programs for its ease of pre and post
comparisons. However, the ability to apply knowledge in
daily life is crucial for effective self-management. Health
literacy models emphasize both knowledge and its practi-
cal application. Hence, we recommend a comprehensive
evaluation for patient education programs, beyond knowl-
edge assessments. Our findings highlight the effectiveness
of our educational intervention for patients undergoing CTR
day-surgery. Despite challenges in comparing outcomes with
other studies, statistical analysis favored the CTS Academy
in improving overall HEL. Therefore, we rejected the null
hypothesis, confirming the platform’s efficacy over self-
directed online information seeking. Future research could
explore the quality of German-language online educational
resources by having patients document and analyze their
information sources. In addition, the effectiveness of the CTS
Academy following its implementation at the Department of
Orthopedics and Traumatology could be assessed. Investigat-
ing patient preferences and the utility of each specific chapter
could help identify the most relevant educational needs and
could be analyzed on item-level of each HELP or COHEP
subscale for a granulated evaluation of patients’ learning
experience.

Acknowledgments

This study is supported by Johannes Kepler University Open Access Publishing Fund and the Federal State Upper Austria.

Data Availability

The datasets generated and analyzed during this study are available from the corresponding author on reasonable request.

Authors’ Contributions

Conceptualization, methodology, software, data curation, and writing—original draft preparation were contributed and handled
by MS. Validation was contributed by TG, JM, and BH. Formal analysis and investigation was contributed by MS, JAM, and
SMF. Resources was handled by TG. Writing—review and editing was contributed by MH. Visualization was contributed by
MS and MH. Supervision was managed by BH, JM, and TG. Project administration was handled by SMF.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Overview of content and media types used in the CTS Academy (in order of appearance on the platform).
[DOCX File (Microsoft Word File), 75 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Informed consent.
[PDEF File (Adobe File), 240 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Cherries (Checklist for Reporting Results of Internet E-Surveys) checklist.

[PDF File (Adobe File), 671 KB-Multimedia Appendix 3]

https://formative jmir.org/2025/1/e65114

JMIR Form Res 2025 | vol. 9 1 e65114 | p. 12
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v9i1e65114_app1.docx
https://jmir.org/api/download?alt_name=formative_v9i1e65114_app1.docx
https://jmir.org/api/download?alt_name=formative_v9i1e65114_app2.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e65114_app2.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e65114_app3.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e65114_app3.pdf
https://formative.jmir.org/2025/1/e65114

JMIR FORMATIVE RESEARCH Seel et al

Multimedia Appendix 4

Overview of pre- and postoperative health education literacy on item-level for the test group.
[DOCX File (Microsoft Word File), 24 KB-Multimedia Appendix 4]

References

1.

Hilleberg Nyman M, Nilsson U, Dahlberg K, Jaensson M. Association between functional health literacy and
postoperative recovery, health care contacts, and health-related quality of life among patients undergoing day surgery:
secondary analysis of a randomized clinical trial. JAMA Surg. Aug 1,2018;153(8):738-745. [doi: 10.1001/jamasurg.
2018.0672] [Medline: 29710226]

2. BergK, Arestedt K, Kjellgren K. Postoperative recovery from the perspective of day surgery patients: a
phenomenographic study. Int J Nurs Stud. Dec 2013;50(12):1630-1638. [doi: 10.1016/]j.ijnurstu.2013.05.002] [Medline:
23726224]

3.  Tonsaker T, Bartlett G, Trpkov C. Health information on the internet: gold mine or minefield? Can Fam Physician. May
2014;60(5):407-408. [Medline: 24828994]

4.  Connelly RA, Speer ME. Health literacy and health communication. In: Connelly RA, Turner T, editors. Health Literacy
and Child Health Outcomes. Springer International Publishing; 2017:1-13. [doi: 10.1007/978-3-319-50799-6 1]

5.  Charalambous A, Papastavrou E, Valkeapii K, et al. Content of orthopedic patient education provided by nurses in
seven European countries. Clin Nurs Res. Sep 2018;27(7):770-789. [doi: 10.1177/1054773817713178] [Medline:
28691509]

6.  World Health Organization. Empowerment. In: Health Promotion Glossary of Terms. World Health Organization; 2021.
URL: https://www.who.int/publications/i/item/9789240038349 [Accessed 2025-03-21]

7.  Bastable SB, editor. Essentials of Patient Education. 2nd ed. Jones & Bartlett Learning; 2017. ISBN: 9781284104448

8. Wittink H, Oosterhaven J. Patient education and health literacy. Musculoskelet Sci Pract. Dec 2018;38:120-127. [doi: 10.
1016/j.msksp.2018.06.004] [Medline: 30017902]

9.  Farin E, Ullrich A, Nagl M. Health education literacy in patients with chronic musculoskeletal diseases: development of
a new questionnaire and sociodemographic predictors. Health Educ Res. Dec 2013;28(6):1080-1091. [doi: 10.1093/her/
cyt095] [Medline: 24113084]

10. Towfigh H, Hierner R, Langer M, Friedel R, editors. Handchirurgie Bd. Vol 2. Springer; 2011.

11.  Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam J, Rosén I. Prevalence of carpal tunnel syndrome in a
general population. JAMA. Jul 14, 1999;282(2):153-158. [doi: 10.1001/jama.282.2.153] [Medline: 10411196]

12.  American Academy of Orthopaedic Surgeons. Carpal tunnel syndrome. OrthoInfo; 2016. URL.: https://orthoinfo.aaos.
org/en/diseases--conditions/carpal-tunnel-syndrome/ [Accessed 2021-01-26]

13.  Donati D, Boccolari P, Tedeschi R. Manual therapy vs. surgery: which is best for carpal tunnel syndrome relief? Life
(Basel). Oct 11, 2024;14(10):1286. [doi: 10.3390/1ife14101286] [Medline: 39459587]

14. The Joanna Briggs Institute. Templates for scoping reviews. Downloadable templates in Word guide and assist reviewers
in developing a scoping review protocol and scoping review. 2022. URL: https://jbi.global/scoping-review-network/
resources [Accessed 2022-12-30]

15. Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): checklist and explanation.
Ann Intern Med. Oct 2,2018;169(7):467-473. [doi: 10.7326/M18-0850] [Medline: 30178033]

16.  Microsoft Corporation. Microsoft sway. 2021; URL: https://sway .office.com/ [Accessed 2025-03-21]

17. Health Care Education Association. Patient education practice guidelines for health care professionals. 2021. URL: https:
//www hcea-info.org/assets/hcea%20guidelines%20color%201-25-2021.pdf [Accessed 2025-03-21]

18. Keulers BJ, Keulers MJ, Scheltinga MRM, Spauwen PHM. Evidence-based development of interactive patient education
programs: a guide for achieving optimal computer-based patient education. Eur J Plast Surg. Nov 13,
2006;29(4):169-175. [doi: 10.1007/s00238-006-0085-7]

19. Raunsbzk Knudsen L, Lomborg K, Ndosi M, Hauge EM, de Thurah A. The effectiveness of e-learning in patient
education delivered to patients with rheumatoid arthritis: The WebRA study-protocol for a pragmatic randomised
controlled trial. BMC Rheumatol. Dec 20, 2021;5(1):57. [doi: 10.1186/s41927-021-00226-y] [Medline: 34924034]

20. Knudsen LR, Lomborg K, de Thurah A. Design and development of an e-learning patient education program for self-
management support in patients with rheumatoid arthritis. PEC Innov. Dec 2022;1:100004. [doi: 10.1016/j.pecinn.2021.
100004] [Medline: 37364010]

21. Sauerbier M, Allert S. Operation des karpaltunnelsyndroms (KTS) offen/endoskopisch [report in german]. 2017. URL:
https://thieme-compliance.de/de/shop/Artikel/ Aufkl%C3 % A4rungsb%C3%B6gen/Karpaltunnelsyndrom-%28KTS %
29%2C-Operation/p/DE61748501 [Accessed 2025-03]25

https://formative jmir.org/2025/1/e65114 JMIR Form Res 2025 | vol. 9 1 e65114 I p. 13

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v9i1e65114_app4.docx
https://jmir.org/api/download?alt_name=formative_v9i1e65114_app4.docx
https://doi.org/10.1001/jamasurg.2018.0672
https://doi.org/10.1001/jamasurg.2018.0672
http://www.ncbi.nlm.nih.gov/pubmed/29710226
https://doi.org/10.1016/j.ijnurstu.2013.05.002
http://www.ncbi.nlm.nih.gov/pubmed/23726224
http://www.ncbi.nlm.nih.gov/pubmed/24828994
https://doi.org/10.1007/978-3-319-50799-6_1
https://doi.org/10.1177/1054773817713178
http://www.ncbi.nlm.nih.gov/pubmed/28691509
https://www.who.int/publications/i/item/9789240038349
https://doi.org/10.1016/j.msksp.2018.06.004
https://doi.org/10.1016/j.msksp.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/30017902
https://doi.org/10.1093/her/cyt095
https://doi.org/10.1093/her/cyt095
http://www.ncbi.nlm.nih.gov/pubmed/24113084
https://doi.org/10.1001/jama.282.2.153
http://www.ncbi.nlm.nih.gov/pubmed/10411196
https://orthoinfo.aaos.org/en/diseases--conditions/carpal-tunnel-syndrome/
https://orthoinfo.aaos.org/en/diseases--conditions/carpal-tunnel-syndrome/
https://doi.org/10.3390/life14101286
http://www.ncbi.nlm.nih.gov/pubmed/39459587
https://jbi.global/scoping-review-network/resources
https://jbi.global/scoping-review-network/resources
https://doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/pubmed/30178033
https://sway.office.com/
https://www.hcea-info.org/assets/hcea%20guidelines%20color%201-25-2021.pdf
https://www.hcea-info.org/assets/hcea%20guidelines%20color%201-25-2021.pdf
https://doi.org/10.1007/s00238-006-0085-7
https://doi.org/10.1186/s41927-021-00226-y
http://www.ncbi.nlm.nih.gov/pubmed/34924034
https://doi.org/10.1016/j.pecinn.2021.100004
https://doi.org/10.1016/j.pecinn.2021.100004
http://www.ncbi.nlm.nih.gov/pubmed/37364010
https://thieme-compliance.de/de/shop/Artikel/Aufkl%C3%A4rungsb%C3%B6gen/Karpaltunnelsyndrom-%28KTS%29%2C-Operation/p/DE61748501
https://thieme-compliance.de/de/shop/Artikel/Aufkl%C3%A4rungsb%C3%B6gen/Karpaltunnelsyndrom-%28KTS%29%2C-Operation/p/DE61748501
https://formative.jmir.org/2025/1/e65114

JMIR FORMATIVE RESEARCH Seel et al

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Norelli SK, Long A, Krepps JM. Relaxation techniques. In: StatPearls. StatPearls Publishing; 2021. URL: http://www.
ncbi.nlm.nih.gov/books/NBK513238 [Accessed 2023-07-19]

Anxiety and Depression Association of America (ADAA). Exercise for stress and anxiety. Anxiety and Depression
Association of America (ADAA); 2021. URL: https://adaa.org/living-with-anxiety/managing-anxiety/exercise-stress-
and-anxiety [Accessed 2021-05-06]

Pardede J, Simanjuntak GV, Manalu N. Effectiveness of deep breath relaxation and lavender aromatherapy against
preoperative patent anxiety. Divers Equal Health Care. 2020;17(4):168-173. [doi: 10.36648/206]

Ugras GA, Yildinim G, Yiiksel S, ()ztijrkgﬁ Y, Kuzdere M, Oztekin SD. The effect of different types of music on
patients’ preoperative anxiety: a randomized controlled trial. Complement Ther Clin Pract. May 2018;31:158-163. [doi:
10.1016/j.ctcp.2018.02.012] [Medline: 29705448]

Braden R, Reichow S, Halm MA. The use of the essential oil lavandin to reduce preoperative anxiety in surgical patients.
J Perianesth Nurs. Dec 2009;24(6):348-355. [doi: 10.1016/j.jopan.2009.10.002] [Medline: 19962101]

American Academy of Orthopaedic Surgeons, Ortholnfo. Therapeutic exercise program for carpal tunnel syndrome.
2018. URL.: https://orthoinfo.aaos.org/globalassets/pdfs/a00789 therapeutic-exercise-program-for-carpal-tunnel final.
pdf [Accessed 2025-03-21]

Farin-Glattacker E, Schopf A, Ullrich A, Nagl M. Abschlussbericht zum projekt ,,entwicklung und evaluation einer
patientenschulung zur Férderung der gesundheitskompetenz Fiir chronisch kranke® (geko) [article in german].
Universititsklinikum Freiburg. 2014. URL.: https://docplayer.org/14332968-Abschlussbericht-zum-projekt.html
[Accessed 2025-03-21]

Farin E, Nagl M, Ullrich A. The comprehensibility of health education programs: questionnaire development and results
in patients with chronic musculoskeletal diseases. Patient Educ Couns. Feb 2013;90(2):239-246. [doi: 10.1016/j.pec.
2012.10.004] [Medline: 23127897]

Aung KK, Wu WK, Tokumi A, Kuo P, Day CS. Does a directive to an internet site enhance the doctor-patient
interaction? A prospective randomized study for patients with carpal tunnel syndrome. J Bone Joint Surg Am. Jul 1,
2015;97(13):1112-1118. [doi: 10.2106/JBJS.N.00741] [Medline: 26135078]

Minge M, Thiiring M, Wagner I, Kuhr CV. The mecue questionnaire: A modular tool for measuring user experience. In:
Soares M, Falcdo C, Ahram TZ, editors. Advances in Ergonomics Modeling, Usability & Special Populations. Vol 486.
Springer International Publishing; 2017:115-128. [doi: 10.1007/978-3-319-41685-4 11]

Keilani M, Pernicka E, Paternostro-Sluga T, et al. Ubersetzung und Validierung des ,,Boston Carpal Tunnel Syndrome
Questionnaire” zum Einsatz bei deutschsprachigen Patienten. Phys Rehab Kur Med. Jun 2008;18(3):136-144. [doi: 10.
1055/5-2007-1004550]

Levine DW, Simmons BP, Koris MJ, et al. A self-administered questionnaire for the assessment of severity of symptoms
and functional status in carpal tunnel syndrome. J Bone Jt Surg. Nov 1993;75(11):1585-1592. [doi: 10.2106/00004623-
199311000-00002]

Buchner A, Erdfelder E, Faul F, Lang AG. G¥*Power. URL: https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-
psychologie-und-arbeitspsychologie/gpower [Accessed 2025-03-21]

Keulers BJ, Welters CFM, Spauwen PHM, Houpt P. Can face-to-face patient education be replaced by computer-based
patient education? A randomised trial. Patient Educ Couns. Jul 2007;67(1-2):176-182. [doi: 10.1016/j.pec.2007.03.012]
[Medline: 17448621]

Multanen J, Ylinen J, Karjalainen T, Kautiainen H, Repo JP, Hikkinen A. Reliability and validity of the Finnish version
of the Boston carpal tunnel questionnaire among surgically treated carpal tunnel syndrome patients. Scand J Surg. Dec
2020;109(4):343-350. [doi: 10.1177/1457496919851607] [Medline: 31132964]

Lenhard W, Lenhard A. Computation of effect sizes. 2016. [doi: 10.13140/RG.2.2.17823.92329]

Minge. meCue Data Template. 2013. URL: http://mecue.de/Homepage%20Content/english/meCUE data template.xlsx
[Accessed 2023-04-12]

Eysenbach G. Improving the quality of Web surveys: the Checklist for Reporting Results of Internet E-Surveys
(CHERRIES). J Med Internet Res. Sep 29, 2004;6(3):e34. [doi: 10.2196/jmir.6.3.e34] [Medline: 15471760]

Cook JA, Sasor SE, Tholpady SS, Momeni A, Chu MW. Hand surgery resources exceed American health literacy. Hand
(N'Y). Sep 2018;13(5):547-551. [doi: 10.1177/1558944717725384] [Medline: 28825342]

Goyal R, Mercado AE, Ring D, Crijns TJ. Most YouTube videos about carpal tunnel syndrome have the potential to
reinforce misconceptions. Clin Orthop Relat Res. Oct 1,2021;479(10):2296-2302. [doi: 10.1097/CORR.
0000000000001773] [Medline: 33847604]

Lutsky K, Bernstein J, Beredjiklian P. Quality of information on the internet about carpal tunnel syndrome: an update.
Orthopedics. Aug 2013;36(8):¢1038-41. [doi: 10.3928/01477447-20130724-20] [Medline: 23937750]

https://formative jmir.org/2025/1/e65114 JMIR Form Res 2025 | vol. 9 1 e65114 | p. 14

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/books/NBK513238
http://www.ncbi.nlm.nih.gov/books/NBK513238
https://adaa.org/living-with-anxiety/managing-anxiety/exercise-stress-and-anxiety
https://adaa.org/living-with-anxiety/managing-anxiety/exercise-stress-and-anxiety
https://doi.org/10.36648/206
https://doi.org/10.1016/j.ctcp.2018.02.012
http://www.ncbi.nlm.nih.gov/pubmed/29705448
https://doi.org/10.1016/j.jopan.2009.10.002
http://www.ncbi.nlm.nih.gov/pubmed/19962101
https://orthoinfo.aaos.org/globalassets/pdfs/a00789_therapeutic-exercise-program-for-carpal-tunnel_final.pdf
https://orthoinfo.aaos.org/globalassets/pdfs/a00789_therapeutic-exercise-program-for-carpal-tunnel_final.pdf
https://docplayer.org/14332968-Abschlussbericht-zum-projekt.html
https://doi.org/10.1016/j.pec.2012.10.004
https://doi.org/10.1016/j.pec.2012.10.004
http://www.ncbi.nlm.nih.gov/pubmed/23127897
https://doi.org/10.2106/JBJS.N.00741
http://www.ncbi.nlm.nih.gov/pubmed/26135078
https://doi.org/10.1007/978-3-319-41685-4_11
https://doi.org/10.1055/s-2007-1004550
https://doi.org/10.1055/s-2007-1004550
https://doi.org/10.2106/00004623-199311000-00002
https://doi.org/10.2106/00004623-199311000-00002
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://doi.org/10.1016/j.pec.2007.03.012
http://www.ncbi.nlm.nih.gov/pubmed/17448621
https://doi.org/10.1177/1457496919851607
http://www.ncbi.nlm.nih.gov/pubmed/31132964
https://doi.org/10.13140/RG.2.2.17823.92329
http://mecue.de/Homepage%20Content/english/meCUE_data_template.xlsx
https://doi.org/10.2196/jmir.6.3.e34
http://www.ncbi.nlm.nih.gov/pubmed/15471760
https://doi.org/10.1177/1558944717725384
http://www.ncbi.nlm.nih.gov/pubmed/28825342
https://doi.org/10.1097/CORR.0000000000001773
https://doi.org/10.1097/CORR.0000000000001773
http://www.ncbi.nlm.nih.gov/pubmed/33847604
https://doi.org/10.3928/01477447-20130724-20
http://www.ncbi.nlm.nih.gov/pubmed/23937750
https://formative.jmir.org/2025/1/e65114

JMIR FORMATIVE RESEARCH Seel et al

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Steimle J, Gabriel S, Tarr R, Kohrs B, Johnston P, Martineau D. Comparing diagnostic and treatment recommendations
of carpal tunnel syndrome available on the internet with AAOS clinical practice guidelines. Hand (N Y). Jul
2020;15(4):514-520. [doi: 10.1177/1558944718821417] [Medline: 30654676]

Ozbek EA, Armangil M, Karaca MO, Merter A, Dursun M, Kocaoglu H. Evaluation of the reliability and quality of
information in carpal tunnel syndrome shared on YouTube. J Wrist Surg. Aug 2022;11(4):295-301. [doi: 10.1055/s-
0041-1735231] [Medline: 35971474]

Fang Y, Baker NA, Dole J, Roll SC. Quality of carpal tunnel syndrome patient education handouts available on the
internet: a systematic analysis of content and design. Arch Phys Med Rehabil. Feb 2022;103(2):297-304. [doi: 10.1016/].
apmr.2021.08.010] [Medline: 34547274]

Frueh FS, Palma AF, Raptis DA, Graf CP, Giovanoli P, Calcagni M. Carpal tunnel syndrome: analysis of online patient
information with the EQIP tool. Chir Main. Jun 2015;34(3):113-121. [doi: 10.1016/j.main.2015.04.003] [Medline:
26022522]

Frické M, Fallis D, Jones M, Luszko GM. Consumer health information on the internet about carpal tunnel syndrome:
indicators of accuracy. Am J Med. Feb 2005;118(2):168-174. [doi: 10.1016/j.amjmed.2004.04.032] [Medline:
15694903]

Beredjiklian PK, Bozentka DJ, Steinberg DR, Bernstein J. Evaluating the source and content of orthopaedic information
on the internet. The case of carpal tunnel syndrome. J Bone Joint Surg Am. Nov 2000;82(11):1540-1543. [doi: 10.2106/
00004623-200011000-00004] [Medline: 11097441]

Kwak D, Park JW, Won Y, Kwon Y, Lee JI. Quality and reliability evaluation of online videos on carpal tunnel
syndrome: a YouTube video-based study. BMJ Open. Apr 15, 2022;12(4):e059239. [doi: 10.1136/bmjopen-2021-
059239] [Medline: 35428646]

Johnson AR, Doval AF, Granoff MD, et al. A comparative multimetric assessment of English and Spanish carpal tunnel
syndrome materials. J Surg Res. Jun 2019;238:64-71. [doi: 10.1016/].jss.2019.01.032] [Medline: 30739070]

Eberlin KR, Vargas CR, Chuang DJ, Lee BT. Patient education for carpal tunnel syndrome: analysis of readability. Hand
(N'Y). Sep 2015;10(3):374-380. [doi: 10.1007/s11552-014-9718-7] [Medline: 26330766]

Mert A, Bozgeyik B. Quality and content analysis of carpal tunnel videos on YouTube. Indian J Orthop. Jan
2022;56(1):73-78. [doi: 10.1007/s43465-021-00430-5] [Medline: 35070145]

Sproule JA, Tansey C, Burns B, Fenelon G. The web: friend or foe of the hand surgeon? Hand Surg. Dec
2003;8(2):181-185. [doi: 10.1142/50218810403001716] [Medline: 15002095]

Ozdemir O, Diren F, Boyali O, Civelek E, Kabatas S. Metric evaluation of reliability and transparency of the videos
about carpal tunnel syndrome surgery in the online platforms: assessment of YouTube videos’ content. Neurospine. Jun
2021;18(2):363-368. [doi: 10.14245/n5.2142030.015] [Medline: 34218617]

Park KE, Allam O, Kim S, Prsic A. Accuracy of online pictorial resources for common hand surgery procedures. Hand
(N'Y). Mar 2022;17(2):361-365. [doi: 10.1177/1558944720937360] [Medline: 32713204]

Akinleye SD, Garofolo-Gonzalez G, Montuori M, Culbertson MD, Hashem J, Edelstein DM. Readability of the most
commonly accessed online patient education materials pertaining to pathology of the hand. Hand (N Y). Nov
2018;13(6):705-714. [doi: 10.1177/1558944717726138] [Medline: 28836453]

Strouse S, Rosenberg S. Health literacy and discharge education. MSJ. 2022;31(6):402. URL: https://www.
jannettipublications.com/journal/470987/back-issues ?volumeld=474968 &issueld=475046&pageNumber=1 [doi: 10.

62116/MSJ.2022.31.6.402]

Pekonen A, Eloranta S, Stolt M, Virolainen P, Leino-Kilpi H. Measuring patient empowerment - a systematic review.
Patient Educ Couns. Apr 2020;103(4):777-787. [doi: 10.1016/j.pec.2019.10.019] [Medline: 31767243]

Osborne RH, Elsworth GR, Whitfield K. The Health Education Impact Questionnaire (heiQ): an outcomes and
evaluation measure for patient education and self-management interventions for people with chronic conditions. Patient
Educ Couns. May 2007;66(2):192-201. [doi: 10.1016/j.pec.2006.12.002] [Medline: 17320338]

Nagl M, Ullrich A, Farin E. Verstédndlichkeit von Patientenschulungen in der orthopédischen Rehabilitation: Qualitative
Erhebung bei Rehabilitanden und Schulungsleitern. Rehabilitation (Bonn). 2012;52(1):34-39. [doi: 10.1055/s-0032-
1312664]

Akbolat M, Amarat M, Unal O, Santas G. A survey of health information seeking by cancer patients indicates some
problems over medical explanations and terminology. Health Info Libraries J. Mar 2023;40(1):29-41. [doi: 10.1111/hir.
12387]

Cosic F, Kimmel L, Edwards E. Patient comprehension of common orthopedic terminology. Health Lit Res Pract. Jul
2019;3(3):e187-e193. [doi: 10.3928/24748307-20190624-04] [Medline: 31428736]

Watermeyer J, Thwala Z, Beukes J. Medical terminology in intercultural health interactions. Health Commun. Aug
2021;36(9):1115-1124. [doi: 10.1080/10410236.2020.1735700] [Medline: 32202159]

https://formative jmir.org/2025/1/e65114 JMIR Form Res 2025 | vol. 9 1 e65114 I p. 15

(page number not for citation purposes)


https://doi.org/10.1177/1558944718821417
http://www.ncbi.nlm.nih.gov/pubmed/30654676
https://doi.org/10.1055/s-0041-1735231
https://doi.org/10.1055/s-0041-1735231
http://www.ncbi.nlm.nih.gov/pubmed/35971474
https://doi.org/10.1016/j.apmr.2021.08.010
https://doi.org/10.1016/j.apmr.2021.08.010
http://www.ncbi.nlm.nih.gov/pubmed/34547274
https://doi.org/10.1016/j.main.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/26022522
https://doi.org/10.1016/j.amjmed.2004.04.032
http://www.ncbi.nlm.nih.gov/pubmed/15694903
https://doi.org/10.2106/00004623-200011000-00004
https://doi.org/10.2106/00004623-200011000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11097441
https://doi.org/10.1136/bmjopen-2021-059239
https://doi.org/10.1136/bmjopen-2021-059239
http://www.ncbi.nlm.nih.gov/pubmed/35428646
https://doi.org/10.1016/j.jss.2019.01.032
http://www.ncbi.nlm.nih.gov/pubmed/30739070
https://doi.org/10.1007/s11552-014-9718-7
http://www.ncbi.nlm.nih.gov/pubmed/26330766
https://doi.org/10.1007/s43465-021-00430-5
http://www.ncbi.nlm.nih.gov/pubmed/35070145
https://doi.org/10.1142/s0218810403001716
http://www.ncbi.nlm.nih.gov/pubmed/15002095
https://doi.org/10.14245/ns.2142030.015
http://www.ncbi.nlm.nih.gov/pubmed/34218617
https://doi.org/10.1177/1558944720937360
http://www.ncbi.nlm.nih.gov/pubmed/32713204
https://doi.org/10.1177/1558944717726138
http://www.ncbi.nlm.nih.gov/pubmed/28836453
https://www.jannettipublications.com/journal/470987/back-issues?volumeId=474968&issueId=475046&pageNumber=1
https://www.jannettipublications.com/journal/470987/back-issues?volumeId=474968&issueId=475046&pageNumber=1
https://doi.org/10.62116/MSJ.2022.31.6.402
https://doi.org/10.62116/MSJ.2022.31.6.402
https://doi.org/10.1016/j.pec.2019.10.019
http://www.ncbi.nlm.nih.gov/pubmed/31767243
https://doi.org/10.1016/j.pec.2006.12.002
http://www.ncbi.nlm.nih.gov/pubmed/17320338
https://doi.org/10.1055/s-0032-1312664
https://doi.org/10.1055/s-0032-1312664
https://doi.org/10.1111/hir.12387
https://doi.org/10.1111/hir.12387
https://doi.org/10.3928/24748307-20190624-04
http://www.ncbi.nlm.nih.gov/pubmed/31428736
https://doi.org/10.1080/10410236.2020.1735700
http://www.ncbi.nlm.nih.gov/pubmed/32202159
https://formative.jmir.org/2025/1/e65114

JMIR FORMATIVE RESEARCH Seel et al

64. Derevianchenko N, Lytovska O, Diurba D, Leshchyna I. Impact of medical terminology on patients’ comprehension of
healthcare. Georgian Med News. Nov 2018(284):159-163. [Medline: 30618411]

65. Finkelstein J, Bedra M. Is Internet search better than structured instruction for web-based health education? Stud Health
Technol Inform. 2013;190:65-67. [Medline: 23823377]

66. Castro H, Hise M, Finkelstein J. A comparison of two models of web-based education in older adults. AMIA Annu
Symp Proc. 2005;2005:914. [Medline: 16779201]

67. Crondahl K, Eklund Karlsson L. The nexus between health literacy and empowerment. SAGE Open. Apr 1,
2016;6(2):215824401664641. [doi: 10.1177/2158244016646410]

68. Stars I. Health literacy as a challenge for health education. SHS Web Conf. 2018;40:02004. [doi: 10.1051/shsconf/
20184002004]

69. Gellert P, Tille F. What do we know so far? The role of health knowledge within theo-ries of health literacy. Eur Health
Psychol. 2015;16:266-274. URL: https://www .researchgate.net/profile/Florian-Tille/publication/299543089 What do

we _know_so far The role of health knowledge within theo-ries of health literacy/links/
5703fb2708aef745f7148al1d/What-do-we-know-so-far-The-role-of-health-knowledge-within-theo-ries-of-health-literacy.

pdf

70. Sgrensen K, Van den Broucke S, Fullam J, et al. Health literacy and public health: a systematic review and integration of
definitions and models. BMC Public Health. Jan 25,2012;12(1):80. [doi: 10.1186/1471-2458-12-80] [Medline:
22276600]

71.  Yim CK, Shumate L, Barnett SH, Leitman IM. Health literacy assessment and patient satisfaction in surgical practice.
Ann Med Surg (Lond). Nov 2018;35:25-28. [doi: 10.1016/j.amsu.2018.08.022] [Medline: 30263114]

72. Kandula NR, Nsiah-Kumi PA, Makoul G, et al. The relationship between health literacy and knowledge improvement
after a multimedia type 2 diabetes education program. Patient Educ Couns. Jun 2009;75(3):321-327. [doi: 10.1016/j.pec.
2009.04.001] [Medline: 19395223]

73. Davaris MT, Bunzli S, Trieu J, Dowsey MM, Choong PF. The role of digital health interventions to improve health
literacy in surgical patients: a narrative review in arthroplasty. ANZ J Surg. Oct 2022;92(10):2474-2486. [doi: 10.1111/
ans.17931] [Medline: 35924880]

74. Eltorai AEM, Ghanian S, Adams CA Jr, Born CT, Daniels AH. Readability of patient education materials on the
american association for surgery of trauma website. Arch Trauma Res. Jun 2014;3(2):e18161. [doi: 10.5812/atr.18161]
[Medline: 25147778]

75. Man A, van Ballegooie C. Assessment of the readability of web-based patient education material from major Canadian
pediatric associations: cross-sectional study. JMIR Pediatr Parent. Mar 16, 2022;5(1):e31820. [doi: 10.2196/31820]
[Medline: 35293875]

76. Wasir AS, Volgman AS, Jolly M. Assessing readability and comprehension of web-based patient education materials by
American Heart Association (AHA) and CardioSmart online platform by American College of Cardiology (ACC): How
useful are these websites for patient understanding? Am Heart J Plus. Aug 2023;32:100308. [doi: 10.1016/j.ahjo.2023.
100308] [Medline: 38510202]

77. Biihn S, Huppertz E, Weise A, et al. The effects of modifying elements of written informed consent forms for elective
surgical or invasive procedures: a systematic review. Patient Educ Couns. Feb 2023;107:107576. [doi: 10.1016/j.pec.
2022.107576] [Medline: 36455317]

78. Pennekamp P, Diedrich O, Schmitt O, Kraft C. Priavalenz und Stellenwert der Internetnutzung orthopédischer Patienten.
Z Orthop IThre Grenzgeb. Jan 2006;144(05):459-463. [doi: 10.1055/s-2006-942237]

79. Hertling S, Matziolis G, Graul I. Die Rolle des Internets als medizinische Informationsquelle fiir orthopéddische Patienten
[Article in German]. Orthopidie. 2022;51(7):521-530. [doi: 10.1007/s00132-022-04238-5]

80. Mack EM, Callinan NJ, Reams M, Bohn DC, Chmielewski TL. Patient-reported outcomes after open carpal tunnel
release using a standard protocol with 1 hand therapy visit. ] Hand Ther. Jan 2017;30(1):58-64. [doi: 10.1016/j.jht.2016.
03.007]

81. Kim JK, Koh YD, Kim JO, Choi SW. Changes in clinical symptoms, functions, and the median nerve cross-sectional
area at the carpal tunnel inlet after open carpal tunnel release. Clin Orthop Surg. Sep 2016;8(3):298-302. [doi: 10.4055/
€i0s.2016.8.3.298] [Medline: 27583113]

82. Aloi NF, Rahman H, Fowler JR. Changes in cross-sectional area of the median nerve and Boston carpal tunnel
questionnaire scores after carpal tunnel release. Hand (N Y). Mar 2024;19(2):212-216. [doi: 10.1177/
15589447221127336] [Medline: 36189893]

83. Nielsen J. How Many Test Users in a Usability Study? NN/g Nielsen Norman Group. 2012. URL: https://www.nngroup.
com/articles/how-many-test-users/ [Accessed 2020-04-12]

https://formative jmir.org/2025/1/e65114 JMIR Form Res 2025 | vol. 9 | e65114 I p. 16
(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/pubmed/30618411
http://www.ncbi.nlm.nih.gov/pubmed/23823377
http://www.ncbi.nlm.nih.gov/pubmed/16779201
https://doi.org/10.1177/2158244016646410
https://doi.org/10.1051/shsconf/20184002004
https://doi.org/10.1051/shsconf/20184002004
https://www.researchgate.net/profile/Florian-Tille/publication/299543089_What_do_we_know_so_far_The_role_of_health_knowledge_within_theo-ries_of_health_literacy/links/5703fb2708aef745f7148a1d/What-do-we-know-so-far-The-role-of-health-knowledge-within-theo-ries-of-health-literacy.pdf
https://www.researchgate.net/profile/Florian-Tille/publication/299543089_What_do_we_know_so_far_The_role_of_health_knowledge_within_theo-ries_of_health_literacy/links/5703fb2708aef745f7148a1d/What-do-we-know-so-far-The-role-of-health-knowledge-within-theo-ries-of-health-literacy.pdf
https://www.researchgate.net/profile/Florian-Tille/publication/299543089_What_do_we_know_so_far_The_role_of_health_knowledge_within_theo-ries_of_health_literacy/links/5703fb2708aef745f7148a1d/What-do-we-know-so-far-The-role-of-health-knowledge-within-theo-ries-of-health-literacy.pdf
https://www.researchgate.net/profile/Florian-Tille/publication/299543089_What_do_we_know_so_far_The_role_of_health_knowledge_within_theo-ries_of_health_literacy/links/5703fb2708aef745f7148a1d/What-do-we-know-so-far-The-role-of-health-knowledge-within-theo-ries-of-health-literacy.pdf
https://doi.org/10.1186/1471-2458-12-80
http://www.ncbi.nlm.nih.gov/pubmed/22276600
https://doi.org/10.1016/j.amsu.2018.08.022
http://www.ncbi.nlm.nih.gov/pubmed/30263114
https://doi.org/10.1016/j.pec.2009.04.001
https://doi.org/10.1016/j.pec.2009.04.001
http://www.ncbi.nlm.nih.gov/pubmed/19395223
https://doi.org/10.1111/ans.17931
https://doi.org/10.1111/ans.17931
http://www.ncbi.nlm.nih.gov/pubmed/35924880
https://doi.org/10.5812/atr.18161
http://www.ncbi.nlm.nih.gov/pubmed/25147778
https://doi.org/10.2196/31820
http://www.ncbi.nlm.nih.gov/pubmed/35293875
https://doi.org/10.1016/j.ahjo.2023.100308
https://doi.org/10.1016/j.ahjo.2023.100308
http://www.ncbi.nlm.nih.gov/pubmed/38510202
https://doi.org/10.1016/j.pec.2022.107576
https://doi.org/10.1016/j.pec.2022.107576
http://www.ncbi.nlm.nih.gov/pubmed/36455317
https://doi.org/10.1055/s-2006-942237
https://doi.org/10.1007/s00132-022-04238-5
https://doi.org/10.1016/j.jht.2016.03.007
https://doi.org/10.1016/j.jht.2016.03.007
https://doi.org/10.4055/cios.2016.8.3.298
https://doi.org/10.4055/cios.2016.8.3.298
http://www.ncbi.nlm.nih.gov/pubmed/27583113
https://doi.org/10.1177/15589447221127336
https://doi.org/10.1177/15589447221127336
http://www.ncbi.nlm.nih.gov/pubmed/36189893
https://www.nngroup.com/articles/how-many-test-users/
https://www.nngroup.com/articles/how-many-test-users/
https://formative.jmir.org/2025/1/e65114

JMIR FORMATIVE RESEARCH Seel et al

Abbreviations
APPLY: patient’s ability to apply health-related information in an everyday life
BCTQ: Boston carpal tunnel questionnaire
CHERRIES: Checklist for Reporting Results of Internet E-Surveys
COHEP: Comprehensibility Of Health Education Programmes
COMM: patient’s ability to communicate with health care professionals
COMPR: patient’s comprehension of medical information
CTR: carpal tunnel release
CTS: carpal tunnel syndrome
HEL: health education literacy
HELP: Health Education Literacy of Patients with chronic musculoskeletal diseases
MANOVA: multivariate analysis of variances
PRISMA-ScR: Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews
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