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Abstract

Background: Elbow stiffness often hinders daily tasks. Open elbow arthrolysis is effective but requires long-term postoper-
ative rehabilitation. Traditional health education does not significantly improve patient cooperation or results. Handy and
engaging tools such as WeChat and scene graphics may help.

Objective: This study aims to assess the efficacy of WeChat-based health education combined with scene graphics following
open elbow arthrolysis.

Methods: This historical control study involved patients aged 18 years and older who underwent open elbow arthrolysis,
had normal communication skills, and were proficient in using WeChat. Eligible patients were divided into 2 groups based
on admission time: the control group (56 patients, enrolled from January to June 2021) and the WeChat group (56 patients,
enrolled from July to December 2021). The control group had received traditional health education, whereas the WeChat
group received health education using WeChat and scene graphics. Information in 4-part comics was shared through a WeChat
public account. Patients accessed this account to receive daily lessons during hospitalization, followed by online instruction
in a WeChat group after discharge until 12 weeks postoperatively. Outcome data were collected at 1, 6, and 12 weeks
postoperatively. The primary outcome was elbow range of motion; secondary outcomes were elbow function, quality of life,
and complication incidence.

Results: The elbow flexion angle improved from 71.5° (SD 4.2°) to 124.2° (SD 11.7°) in the WeChat group and from 71.7°
(SD 4.6°) to 114.4° (SD 13.6°) in the control group (difference 10.0°, 95% CI 4.9-15.1, P<.001). The mean elbow extension
angle improved from 29.6° (SD 6.0°) to 6.4° (SD 2.5°) in the WeChat group and from 28.8° (SD 3.8°) to 10.1° (SD 3.4°) in the
control group (difference —4.5°, 95% CI —6.5 to —2.5, P<.001). The mean forearm pronation angle improved from 31.9° (SD
4.0°) to 66.9° (SD 7.3°) in the WeChat group and from 33.0° (SD 4.2°) to 63.1° (SD 7.2°) in the control group (difference 4.9°,
95% CI 2.0-7.8, P=.001). The mean forearm supination angle improved from 30.2° (SD 3.7°) to 71.8° (SD 4.8°) in the WeChat
group and from 30.4° (SD 4.1°) to 64.2° (SD 9.8°) in the control group (difference 7.7°, 95% CI 4.4-11.0, P<.001). The mean
Mayo Elbow Performance Score increased from 58.0 (SD 3.7) to 80.4 (SD 5.7) in the WeChat group and from 58.9 (SD 2.8)
to 75.8 (SD 6.9) in the control group (difference 5.5 points, 95% CI 2.8-8.2, P<.001). The mean 36-item Short Form Health
Survey questionnaire score increased from 44.4 (SD 6.6) to 82.0 (SD 7.1) in the WeChat group and from 44.0 (SD 6.4) to 75.0
(SD 11.2) in the control group (difference 6.6 points, 95% CI 2.6-10.6, P=.002).

Conclusions: WeChat-based health education combined with scene graphics was found to significantly improve elbow range
of motion, elbow function, and quality of life.
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Introduction

Normal elbow mobility is fundamental in daily life. Elbow
stiffness is a common condition, affecting up to 56% of
individuals following elbow trauma [1,2]. It is characterized
by an inability of the elbow to meet the patient’s needs for
daily activities, work, and entertainment due to a limited
range of motion (ROM) or rotation [3,4]. Open elbow
arthrolysis (OEA) is the most common surgical intervention
and has been shown to restore elbow function and ROM
effectively [3,4]. The elbow can be released by remov-
ing bony impediments or scar tissue within the olecranon
fossa, achieving intraoperative flexion greater than 130°
and extension less than 10° [5,6]. However, postoperative
rehabilitation is necessary for full elbow function recovery
[4-8].

A growing body of evidence suggests that timely
and proper postoperative rehabilitation leads to favorable
outcomes. By contrast, inadequate rehabilitation severely
hampers elbow recovery [4-8] and contributes to many
postoperative complications, such as heterotopic ossification,
new onset or exacerbation of ulnar nerve symptoms, and
recurrent elbow stiffness [3,4,9,10]. According to incomplete
statistics, the incidence rates of postoperative elbow issues,
probability of renewed elbow stiffness, rate of secondary
surgery, and rate of dissatisfaction are 56%-87% [5],
8.4%-47% [5,6], 10%-34% [6,7], and 21% [7], respectively.
Therefore, the precision of postoperative rehabilitation and
patient adherence must be improved. However, achieving
optimal postoperative rehabilitation is challenging due to its
prolonged and intricate nature [6,11,12]. Standard postopera-
tive rehabilitation lasts 1 year and is divided into 3 phases
[6,13,14]. The first, acute phase begins on the first day
and extends to 6 weeks after surgery; it involves passive,
assisted, and active elbow flexion and extension exercises
[6,13,14]. Rehabilitation starts with 30 movements on the
first day, increasing by 30 daily until reaching 300 move-
ments per day [6,13]. The second, subacute phase spans from
6 weeks to 3 months and requires maintaining 300 daily
movements [13]. The third, functional phase lasts from 3
months to 1 year; during this phase, weight-bearing exercises
are added, and intensity increases daily [13,14]. In addition
to initial hospital-based rehabilitation, patients must continue
their rehabilitation at home, making a comprehensive and
accurate understanding of the relevant knowledge crucial for
effective recovery [12,13,15]. However, with the increasing
prevalence of enhanced recovery after surgery protocols
[16,17], hospital stays have shortened, making traditional
health education methods insufficient for patients to acquire
adequate knowledge. Therefore, more efficient and feasible
health education approaches are needed.

https://formative jmir.org/2025/1/e58218

Telemedicine services have become increasingly popular
for health education in recent years. Health care professio-
nals use electronic information and communication technol-
ogy to deliver and support health care services to patients,
regardless of their location or transportation limitations [18].
WeChat is one of China’s most widely and frequently used
free platforms [19-21] and offers convenient telemedicine
services. It supports a variety of data types, including text,
voice calls, videos, and images, enabling clear and accessible
communication [20], which attracts many users. By the end of
2020, there were 1.2 billion monthly active users worldwide
[21,22], many of whom actively seek online health care and
health information exchange [23]. A previous survey revealed
that one-third of participants regularly read health information
articles on WeChat [24], and 98.53% used WeChat to search
for health information [23]. The platform has been used in
the health management of conditions such as public health
literacy [25], cancer [26,27], asthma [28], chronic obstruc-
tive pulmonary disease [29], hypertension [30], myopia [31],
coronary artery disease [32], and others. However, no studies
have focused on its use for postoperative rehabilitation in
patients with elbow stiffness.

Medical humanities is an interdisciplinary, multifaceted
field that combines scientific knowledge and skills with
respectful, compassionate care sensitive to patients’ and their
families’ values, autonomy, and cultural backgrounds [33].
Medical comics are among the various medical humanities
approaches that can potentially address challenging situations
within medical settings [33,34]. They have been used to
promote adolescent peer support and healthy sexual behav-
iors [34], raise awareness about diabetes [35], improve
the quality of palliative care [36], and increase awareness
of whole-body donation [37]. Scene-based graphics are
an approach that simplifies knowledge points into comics
and conveys messages through various humorous scenarios,
making the information easily understandable and memora-
ble. The graphics have transformed activities of daily living
scales into comics for rapid and straightforward evaluation
[38]. Additionally, interactive games have been incorporated
to complement the corresponding knowledge [39]. These
games can be designed based on key knowledge points and
learner characteristics, encouraging participants to engage
more actively in learning and apply their knowledge more
effectively. However, this approach is still in its early stages
and is rarely used in postoperative rehabilitation. This study
was conducted as a historical control study to evaluate the
efficacy of WeChat-based health education combined with
scene graphics in the postoperative rehabilitation of OEA.
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Methods
Study Design

A 2-armed historically controlled study was conducted at a
tertiary hospital in Shanghai, China.

Patient characteristics between the 2 groups were carefully
analyzed and matched to minimize potential selection biases
related to time. Patients were stratified by age, gender, type
of elbow injury, and severity of the condition. For each
stratum, the participants admitted from January to June 2021
were included in the control group, whereas those admitted
from July to December 2021 with similar characteristics were
assigned to the WeChat group. The follow-up period ended in
March 2022.

Both groups received identical intervention content for the
same duration. A trained research nurse collected baseline
data upon admission, and a research doctor collected outcome
data at baseline and at the first, sixth, and twelfth weeks
after surgery. To ensure consistency in data collection, both
the research nurse and research doctor received standardized
training, and a detailed data collection manual defining each
variable and measurement method was developed.

Ethical Considerations

This study was registered with the Chinese Clinical Trial
Registry (ChiCTR2000036004) and approved by the Ethics
Review Committee of Shanghai Sixth People’s Hospital
(approval number 2020-028). Patients were informed of
the study’s details during enrollment, including its purpose,
procedures, risks, and benefits. They were also told about the
confidentiality and waiver agreements, which guaranteed data
protection and the right to withdraw without affecting their
treatment. After understanding these terms, patients provi-
ded written consent to participate (see Multimedia Appendix
1). This research conformed to the Consolidated Standards
of Reporting Trials (CONSORT) checklist, with adherence
details provided in Multimedia Appendix 2.

Participant Recruitment

Upon admission, patients received recruitment notifications
through leaflets. These notices, which included an introduc-
tion to the research and a contact number, were distributed by
research nurses after standardized admission education in the
orthopedic ward.

To minimize potential biases, the nurses were trained to
follow a scripted message (eg, “Whether or not you partici-
pate in this study will not affect your treatment”). Patients
interested in joining this study contacted the provider number
and completed an expression-of-interest form electronically,
which was collected by a neutral coordinator. They then
observed a 24-hour cool-off period during which they could
withdraw at any time. Patients who confirmed their will-
ingness to participate were assigned to research nurses.
Basic participant characteristics were collected by a trained
surgeon-nurse team through face-to-face communication,
physical examination, and elbow function assessment using
validated tools.
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Patients were eligible if they were older than 18 years,
diagnosed with elbow stiffness(see Multimedia Appendix
1), had undergone OEA for the first time, were conscious
(Glasgow Coma Scale score of 15), could communicate
normally in Chinese (Mandarin), possessed a mobile device
(eg, smartphone or tablet) with internet access, and were
capable of using WeChat. Exclusion criteria included severe
systemic diseases (eg, uncontrolled hypertension with blood
pressure consistently above 180/110 mmHg, poorly con-
trolled diabetes with HbA{. [glycated hemoglobin] >9%,
or active malignancy); surgery within the past 6 months;
comorbidities such as severe rheumatoid arthritis or periph-
eral neuropathy that could interfere with elbow rehabilitation;
and known allergies to medications or materials used during
the surgical procedure.

Sample Size

The pilot study’s elbow extension and flexion degrees at 6
weeks postsurgery were used to estimate the sample size
[39]. Before applying the sample size calculation formula,
a variance homogeneity test was performed for elbow flexion
and extension angles in the 2 groups. With a test power (1
— PB) of 80%, a significance level (o) of 5% (2-sided), a
1:1 group size ratio, and elbow flexion of 128.6° (SD 5.8°)
and 119.4°(SD 9.8°), respectively (after confirming variance
homogeneity), the required sample size was calculated as 24
patients. Similarly, for elbow extension angles of 14.3° (SD
11.3°) and 22.9° (SD 8.8°), respectively (after confirming
variance homogeneity), 14 patients were required. Consid-
ering a 20% attrition rate, the adjusted minimum sample
size was 29 participants per group. As patients’ responses
to program participation were positive, 56 participants were
ultimately included in each group.

Blinding

No blinding was implemented in this study. The surgical
team and research members were aware of group alloca-
tions, as the intervention required explicit instructions for the
WeChat-based rehabilitation program. Patients were enrolled
into different groups at varying admission times to minimize
interaction, and all participants were informed about the
study procedures without masking group details. Primary
outcomes (eg, elbow ROM, Mayo Elbow Performance Score
[MEPS]) were measured using standardized protocols with
calibrated instruments to minimize subjective bias. All data
were recorded electronically and analyzed by a statistician
blinded to group allocations.

Interventions

All participants underwent OEA performed by the same
surgical team and received health education from the same
interveners. The elbow rehabilitation knowledge was based
on the book “The Elbow: Principles of Surgical Treatment
and Rehabilitation” [14] and the research from Sun et al
[6,13]. The control group received 12 weeks of traditional
health education, while the WeChat group received 12
weeks of WeChat-based health education combined with
scene graphics. Interventions were conducted from the first
day up to 12 weeks after surgery. Typically, 3-5 patients
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were hospitalized simultaneously, and interventions started
concurrently. Patients who were lost to follow-up or who
changed treatment plans (ie, participated in another postop-
erative project that might have affected the results) were
withdrawn from the intervention (see Multimedia Appendix

1.
Control Group

The control group received a card with a QR code on the
second day after admission. Patients were instructed to access
an online manual titled “Elbow Rehabilitation” by scanning
the code using WeChat (see Multimedia Appendix 1). They
could study this manual independently from the second day
of admission until 12 weeks postoperatively. Research nurses
addressed patients’ questions during morning nursing care
at 7:30 AM daily. Additionally, patients could ask ques-
tions during nursing sessions. The rehabilitation process was
carried out 3 times a day, including 1 guided session and 2
independent sessions. It began with 30 exercise sets on the
first day, increasing by 30 sets daily until reaching 300 sets
per day. A rehabilitation therapist provided guidance every
day at 9:00 AM for 30 minutes in the multimedia demon-
stration classroom, correcting any incorrect movements. For
the other 2 independent sessions, research nurses regularly
patrolled the exercise area and promptly corrected any
movement inaccuracies they observed.

After discharge, weekly follow-up calls were made to
ensure continuity of the recovery process. These -calls
involved checking the patient’s current condition, answering
any questions about ongoing rehabilitation, and providing
guidance based on their progress.

Fang et al

WeChat Group

The multidisciplinary team comprised a surgeon, a nurse
manager, a rehabilitation therapist, a platform maintenance
specialist, and elbow joint nurse specialists who collabora-
ted to develop the health education scheme. The surgeon
oversaw the intervention, trained team members, and assessed
patients’ elbow function. The nurse manager supervised
the implementation of the intervention, while the rehabili-
tation therapist developed elbow rehabilitation content and
instructed patients on the exercises. The 3 nurse specialists
delivered the health education.

The health education materials used were the same as
those provided to the control group. The research team then
transformed these materials into a comic book. The process
began with the team crafting a script and a set of questions
for the comic, which were submitted to a surgeon for review.
After discussions and refinements among the team members,
the content was finalized. The research team then partnered
with a cultural media company to convert the script into
a visual comic format (see Multimedia Appendix 3). After
completing the comic book, the team created a WeChat
public account featuring the “Elbow Joint Zone,” which was
designed and divided by platform maintenance specialists into
4 information modules based on the comic book (for content
and module names, see Table S1 in Multimedia Appendix 1).
The research team then discussed the offline class sched-
ule and arranged the modules according to difficulty (see
Table S2 in Multimedia Appendix 1). To further increase
engagement, the team also created PowerPoint (Microsoft
Corporation) presentations used in offline education through
interactive games.

Table 1. Baseline characteristics of 112 adult patients with posttraumatic elbow stiffness who underwent open elbow arthrolysis, comparing the

WeChat intervention group with a control group in a historical control study conducted at a tertiary first-class hospital in Shanghai, China, between

January 2021 and March 2022.

Characteristics Total (n=112) WeChat group (n=56) Control group (n=56) t test (df)*/chi- P value
square (df)/Mann-
Whitney U test
Age (years), mean (SD) 36.0(3.1) 3598 (3.4) 36.1 (2.9) 0.121 (110) 90
Sex, n (%) 0.895 (1) 34
Women 59 (52.7) 32 (57.1) 27 (48.2)
Men 53 (47.3) 24 (42.9) 29 (51.8)
Highest level of education, n (%) 4.685 (4) 32
Primary school 2(1.8) 1(1.8) 1(1.8)
Junior high school 13 (11.6) 7(12.5) 6 (10.7)
Senior high school 26 (23.2) 12 (21.4) 14 (25.0)
Junior college 44 (39.3) 18 (32.1) 26 (46.4)
University degree or above 27 (24.1) 18 (32.1) 9(16.1)
BMI (kg/m?2), mean (SD) 21.6(1.81) 21.5(1.8) 21.77 (1.78) 0.793 (110) 43
Disease side, n (%) 0.144 (1) 71
Left 60 (53.6) 31(554) 29 (51.8)
Right 52 (46.4) 25 (44.6) 27 (48.2)
Duration of disease (months), median (25th 8.2 (7.4-8.8) 8.2 (7.5-8.8) 8.0 (7.2-8.8) -0.136 26

percentile-75th percentile)
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Characteristics Total (n=112) WeChat group (n=56) Control group (n=56) t test (df)*/chi- P value
square (df)/Mann-
Whitney U test
Duration of surgery (minutes), median 125 (124-126) 125 (124-126) 125 (124-126) -0.085 93
(25th percentile-75th percentile)

4ndependent sample 7 test values are in italics.

Table 2. Postoperative functional and quality-of-life outcomes, including elbow flexion/extension, forearm pronation/supination, MEPS?, and SF-36°
scores, were assessed preoperatively and at 1, 6, and 12 weeks postsurgery in 112 adult patients with posttraumatic elbow stiffness who underwent
open elbow arthrolysis. This historical control study, conducted at a tertiary first-class hospital in Shanghai, China (January 2021 to March 2022),
compared outcomes between a WeChat-based intervention group and a control group.

Outcomes Total (n=112) WeChat group (n=56) Control group (n=56) t test (df) P value

Elbow flexion® (degrees), mean (SD)

Baseline 716 (44) 71542) 71.7 (4.6) 0.236 (110) 81

Postoperative 1 week 84.6 (10.2) 86.0 (8.8) 833 (114) -1.392 17
(102.94)

Postoperative 6 weeks 101.3 (10.3) 103.0 (10.3) 99.6 (10.1) -1.773 08
(110)

Postoperative 12 weeks 119.3 (13.6) 1242 (11.7) 1144 (13.6) -4.063 <.001
(110)

Elbow extensiond (degrees), mean (SD)

Baseline 292 (5.0) 29.6 (6.0) 28.8 (3.8) -0.903 37
(92.79)

Postoperative 1 week 229 (6.1) 229 (7.0) 23.0(52) 0.061 95
(100.90)

Postoperative 6 weeks 14.7 (6.3) 13.7(5.4) 15.7(5.9) 1.716 (110) .06

Postoperative 12 weeks 8.2(3.5) 6.4 (2.5) 10.1 (34) 6427 <.001
(101.95)

Forearm pronation® (degrees), mean (SD)

Baseline 32.5(@4.1) 319 (4.0) 33.04.2) 1387 (110) .17

Postoperative 1 week 46.2 (7.6) 45.6 (7.2) 46.8 (8.0) 0.880 (110) .38

Postoperative 6 weeks 58.9(8.9) 60.9 (8.8) 56.8 (8.4) -2.505 01
(110)

Postoperative 12 weeks 65.0 (7.5) 66.9 (7.3) 63.1(7.2) -2.794 006
(110)

Forearm supinationf (degrees), mean (SD)

Baseline 303 (3.9) 302 (3.7) 304 (4.1) 0.168 (110) .87

Postoperative 1 week 449 (8.6) 453 (8.4) 445 (8.9) -0.469 .64
(110)

Postoperative 6 weeks 57.8 (10.0) 59.8 (10.0) 559 (9.8) -2.062 04
(110)

Postoperative 12 weeks 68.0 (8.6) 71.8 (4.8) 64.2 (9.8) -5.183 <.001
(80.03)

MEPSE scores, mean (SD)

Baseline 58.5(3.3) 58.0(3.7) 58.9(2.8) 1472(110) .14

Postoperative 1 week 60.9 (4.8) 61.1(6.5) 60.7 (2.1) -0.509 61
(66.70)

Postoperative 6 weeks 68.4 (4.8) 69.1 (5.2) 67.8 (42) -1.509 A3
(110)

Postoperative 12 weeks 78.1(6.7) 804 (5.7) 75.8 (6.9) -3.829 <.001
(110)

SF-36" scores, mean (SD)

Baseline 442 (6.5) 44 .4 (6.6) 440 (6.4) -0.334 74

(110)
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Outcomes Total (n=112) WeChat group (n=56) Control group (n=56) t test (df) P value
Postoperative 1 week 55.0(7.8) 55.3(7.0) 54.7 (8.6) -0.399 .69
(110)
Postoperative 6 weeks 70.3 (11.0) 71.0 (10.5) 69.7 (11.4) -0.619(110) 54
Postoperative 12 weeks 78.5 (10.0) 82.0(7.1) 750 (11.2) -3.952(93.0 <.001

7)

AMEPS: Mayo Elbow Performance Score.
PSF-36: 36-item Short Form Health Survey.

“Elbow flexion: the normal range is 0°-150°; the study target is 0°-120°. A value closer to 150° indicates better function.

dElbow extension: ideally, 0°-5°; for this study, 0°-10°. Higher values signal instability, reflecting poorer function.

®Forearm pronation: in this study, the target range was 50°-70°, approaching the normal 70°-85° range for better function.

fRorearm supination: the goal of this study is 50°-70°; ideally, alignment with the normal range of 70°-85° indicates better functionality.

€The scores range from 0 to 100 points, and are categorized as follows: excellent (90-100), good (75-89), fair (60-74), and poor (0-59).

MThis research employed physiological functioning as a metric, ranging from 0 to 100 points, with higher scores corresponding to enhanced quality of

life.

On the second day of admission, the participants received the
same card as the control group, featuring a QR code for the
WeChat public account. They accessed the materials using
the same procedure as the control group. The intervention
consisted of 5 steps, as outlined below.

* Step 1 (Knowledge memory): The research nurse
directed patients to access the Elbow Special Zone on
the WeChat public account. Patients were instructed to
dedicate fragmented time to self-studying the assigned
knowledge until they had memorized it. They were
encouraged to consult the research team for guidance
if needed.

* Step 2 (Picture-based cloze test): The research nurse
conducted a multimedia classroom session in the
orthopedic ward using PowerPoint to display a comic
with blank spaces that patients needed to fill in with
the correct knowledge. Patients took turns answering
and were praised for correct responses. For incorrect
answers, the nurse provided detailed guidance. Patients
who missed the session due to clinical examinations
received face-to-face guidance.

* Step 3 (Error correction): The research nurse used a
similar approach as in step 2. Patients were shown
pictures with missing words related to high-frequency
mistakes and asked to fill them in until they fully
understood the content.

» Step 4 (Keypoint summary): The research nurse
summarized key points and emphasized common
problems discussed in step 2. These materials
were compiled into a Word (Microsoft Corporation)
document, printed for each patient, and the patients
were urged to review them. The research team
monitored learning progress through random question-
ing during daily ward rounds at 7:30 AM.

* Step 5 (Motion instruction): The rehabilitation therapist
provided 1-on-1 instruction to teach proper movements
and corrected mistakes until patients achieved the
correct motions. Patients also learned independently via
the WeChat public account.

Steps 2-5 were scheduled over 6 days, starting 1 day before
surgery and continuing until 5 days after surgery (excluding
the operation day). Sessions were held daily at 9:00 AM.

https://formative jmir.org/2025/1/e58218

Before discharge, the research nurse created WeChat
groups, each consisting of 3-5 patients, to ensure high-qual-
ity health education. The group names followed the format
“group number + elbow care + operation date,” and patients
used their name and telephone number as a unified identi-
fier. On the day of discharge, the WeChat health education
program was introduced to patients through 4 processes.

* Process 1 (Rehabilitation check-in): Every patient
must submit a video in the WeChat group before
7:00 PM daily. The video should demonstrate all the
motions the patient was required to complete that
day and last no more than 5 minutes. The rehabilita-
tion therapist reviewed the videos and corrected any
incorrect movements. The @ function was used to
remind patients who forgot to submit their videos.

* Process 2 (Knowledge consolidation): The research
nurse used Questionnaire Star to design a “picture-
based cloze test,” which was posted to the WeChat
group at 8:00 AM daily. Patients were expected to
submit their answers by 7:00 PM. The @ function was
used as a reminder if necessary. Patients could also
review the material via the WeChat public account.

¢ Process 3 (Error correction): The research nurse
collected common error points and provided the correct
answers in a Word document. Patients were reminded
to review this document to improve their understanding.

* Process 4 (Answer questions and clarify doubts): Every
evening from 7-9 PM, the research nurse summar-
ized key points and typical questions from process 2,
and assessed the effectiveness of process 3 through
random inquiries. Detailed answers were provided to
any patient’s doubts.

Measures

Primary Outcome Measures

Elbow ROM was measured using a handheld goniometer
and included 4 angles: elbow flexion, extension, forearm
pronation, and supination [4041]. A surgeon performed 3
measurements for each angle using 3 landmarks—the lateral
epicondyle, the tip of the acromion process, and the midpoint
of the wrist—and the average ROM was calculated.
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Secondary Outcome Measures

The secondary outcomes were elbow function, quality of
life, and postoperative complications. (1) Elbow function
was assessed using the MEPS, the most commonly used
functional score [41]. MEPS comprises 4 subscales: pain
(45%), ROM (20%), stability (10%), and daily function
(25%). The total score ranges from 0 to 100 points and is
classified into 4 categories: excellent (90-100), good (75-89),
fair (60-74), and poor (0-59) [10,4041]. (2) Patient quality
of life was evaluated using the 36-item Short Form Health
Survey (SF-36) questionnaire [40]. The SF-36 is a self-rat-
ing scale consisting of 8 dimensions: physiological features,
physiological function, somatic pain, general health, vitality,
social function, affective function, and mental health. The
Cronbach a coefficient ranges from 0.65 to 0.94. This study
focused on the physiological function dimension. Scores
range from O to 100, with higher scores indicating a bet-
ter quality of life. (3) Postoperative complications included
heterotopic ossification, new onset or exacerbation of ulnar
nerve symptoms, and repeat elbow stiffness. Elbow hetero-
topic ossification was classified into 3 grades according to the
Hastings and Graham classification: grade 1, no functional
limitation; grade 2A, limited flexion and extension; grade 2B,
limited pronation and supination; grade 2C, combination of
2A and 2B; and grade 3, ankylosis [1]. The new onset or
exacerbation of ulnar nerve symptoms was assessed using
the Dellon classification, which evaluates sensory symptoms
(paresthesia, vibratory perception, and 2-point discrimination)
and motor symptoms (muscle weakness and atrophy) [40.42].
Repeat elbow stiffness was diagnosed based on the elbow
ROM, clinical presentation, and examination results [40,42].

Data Collection and Analysis

All data were collected using a standardized data collection
form and process. Demographic information, including age,
sex, educational level, and BMI, as well as clinical data, such
as operation duration, affected side, and disease duration,
were obtained from medical records and patient interviews.
A trained research nurse collected these data to facilitate
comparison between the 2 groups. Primary and secondary
outcome measures were recorded at baseline and at 1, 6,
and 12 weeks postoperatively. The research surgeon collected
the 1-week postoperative data during hospitalization, whereas
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data at 6 and 12 weeks were collected by the surgeon
in the outpatient clinic. To ensure consistent follow-up,
an automated reminder system, via SMS text messages or
automated phone calls, similar to traditional phone calls,
was used to remind patients in both groups to attend their
reexamination. All data were analyzed by a statistician
affiliated with the hospital’s clinical research center.

Data analysis was performed using SPSS Statistics version
26.0 (IBM Corp). The chi-square test was used to analyze the
categories, including sex, disease side, and the incidence of
postoperative complications. The Z test was used to analyze
education levels. Independent sample ¢ tests were used to
analyze variables that satisfied the normality test, whereas
nonparametric tests, specifically the Mann-Whitney U test,
were applied for variables that did not meet the normality
assumption.

The paired sample ¢ test was applied to compare
the preintervention and postintervention values of the
primary and secondary evaluation indices. Repeated measures
analyses of variance were used to analyze the changes in
elbow ROM, the MEPS, and the SF-36 score at each time
point (baseline and at 1, 6, and 12 weeks after the operation).
The outcomes were reported as mean (SD) for continuous
variables and percentages for categorical variables. Nonnor-
mally distributed variables were depicted using median (25th
percentile to 75th percentile). A 2-tailed P value <.05 was
considered to indicate statistical significance.

Results

Recruitment and Research Processes

Patients with OEA were recruited in January 2021, and
the follow-up process ended in March. Figure 1 shows the
CONSORT flowchart of this study, detailing recruitment,
assessment, and follow-up. A total of 120 patients were
assessed, of whom 112 met the inclusion criteria and were
enrolled. During the study, 3 patients dropped out, resulting
in a dropout rate of 2.7%. Specifically, 2 patients in the
control group failed to comply with elbow rehabilitation, and
1 participant in the WeChat group withdrew for personal
reasons.
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Figure 1. Study flow diagram. OEA: open elbow arthrolysis.
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112 patients who underwent OEA were assessed for eligibility

Inclusion criteria

Enroliment was between January and December 2021
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(2) Diagnosed with
elbow stiffness and

Control group
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(January to June 2021)

Baseline characteristics
matching
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- >tinclusion |
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1(1) < 18 years |
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1(2)The second 1|
'time accepted !
:OEA (n=2) . :

Received 12weeks follow-up

April to September 2021

' "Follow-up !
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Lo(0=2) |
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WeChat group
Admission time
(July to December 2021)

Complete baseline assessment

Screened: 58

Not meeting

inclusion criteria
n=1):

(1) Could not

communicate in

Mandarin

(n=1).

Received WeChat via
scene-based graphics health
education

n=57

Received 12weeks follow-up
October 2021 to March 2022

Lost to
follow-up
(n=1)

Analyzed (n=56)
Excluded from analysis (n=0)

accepted OEA first time
(3) Clearly conscious
(4) Could communicate
in Mandarin

(5) Had an
internet-connected
mobile device
(smartphone/

tablet) and could

use WeChat

Exclusion criteria

(1) With serious
systemic diseases

(2) Accepted other
surgeries within the past
6 months

(3) Had comorbidities
that could interfere with
elbow rehabilitation

(4) Allergies to any of
the medications or
materials used during
the surgical procedure

Bias control

(1) Screen patients
strictly according to
the criteria.

(2) Match control
individuals similar to the
current group

from historical data
based on key
confounding factors
(such as age, sex,
severity of illness).
(3) Unify the variable
definitions and

Excluded from analysis (n=0)

Baseline Characteristics of the
Participants

The 2 groups exhibited no significant differences (age, P=.90;
sex, P=.34; highest level of education, P=.32; BMI, P=43;
disease side, P=.71; duration of disease, P=.26; Duration
of surgery, P=93) in any baseline characteristics (Table
1). The average age of all participants was 36.0 years. Of
the 112 patients, 59 (52.7%) were female and 53 (47.3%)
were male. Among the participants, 44 (39.3%) had a junior
college education, and 27 (24.1%) had a university degree or
higher. The remaining participants included those with senior
high school education (26/112, 23.2%), junior high school
education (13/112, 11.6%), and primary school education
(2/112, 1.8%); 60 (53.6%) patients had left-sided disease,
and 52 (46.4%) had right-sided disease. The average duration
of disease and surgery was 8.0 months and 124.96 minutes,
respectively.

Primary Outcome

The study revealed no significant difference in the ROM of
the elbow between the 2 groups at the first week after surgery
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measurement methods.

(elbow flexion, P=.17; elbow extension, P=.95; forearm
pronation, P=.38; forearm supination, P=.64). However, at
6 weeks, the WeChat group demonstrated better forearm
pronation (P=.01) and forearm supination (P=.04) than the
control group. At 12 weeks after surgery, compared with
the control group, the WeChat group had better ROM in
elbow flexion (P<.001), elbow extension (P<.001), forearm
supination (P<.001), and forearm pronation (P=.006; Table
2). The study also revealed statistically significant differences
in terms of time (elbow flexion, elbow extension, forearm
pronation, and forearm supination; all P<.001), between-
group effects (elbow flexion, P<.001; elbow extension:
P=04, forearm pronation: P=.049, forearm supination:
P<001), and interaction effects (elbow flexion: P=.004,
elbow extension: P=.005, forearm pronation: P=.002, forearm
supination: P=.003) between the 2 groups, as shown in Table
3. Figure 2 illustrates the difference in elbow ROM between
the 2 groups. Figure 3 illustrates the change in elbow ROM
over time. Table 4 presents the data on adverse events noted
in the groups.
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Table 3. Trends in elbow and forearm function (flexion/extension and pronation/supination), MEPS?, and SE-36° scores in the WeChat intervention
and control groups. Outcomes were assessed preoperatively and at 1, 6, and 12 weeks postoperatively in 112 adult patients with posttraumatic elbow
stiffness who underwent open elbow arthrolysis. This historical control study was conducted at a tertiary first-class hospital in Shanghai, China, from
January 2021 to March 2022, to evaluate the impact of a WeChat-based intervention.

Item Fiime test (df) P value Fhetween groups test (df) P value Flimexgroup test (df) P value

Elbow flexion® 493.590 (2.48, <.001 17.718 (1, 110) <.001 5.083(2.48,273.22) 004
273.22)

Elbow extension® 388.707 (2.63, <.001 4.376 (1, 110) 04 4.657 (2.63,289.13) .005
289.13)

Forearm pronation® 479.929 (2.69, <.001 3.952 (1, 110) 049 5.200 (2.69.295.43) 002
295.43)

Forearm supination® 467.085 (2.53, <.001 17.936 (1, 110) <.001 5.343 (2.53,277.75) .003
277.75)

MEPS 484.727 (2.00, <.001 4906 (1, 110) 03 8.545 (2.00,220.24) <.001
220.24)

SF-36 483.478 (2.29, <.001 4.071 (1, 110) 046 5.067 (2.29,251.49) .005
251.49)

AMEPS: Mayo Elbow Performance Score.
YSE-36: 36-item Short Form Health Survey.
“Range of motion of the elbow.
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Figure 2. Changes from baseline to 12 weeks postoperatively in elbow and forearm function (flexion/extension, pronation/supination), Mayo Elbow
Performance Score, and 36-item Short Form Health Survey scores in the WeChat intervention group (n=56) and control group (n=56), among 112
adult patients with posttraumatic elbow stiffness who underwent open elbow arthrolysis. This historical control study was conducted at a tertiary
first-class hospital in Shanghai, China, between January 2021 and March 2022.
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Figure 3. Time-course comparison of elbow and forearm functional outcomes (flexion/extension, pronation/supination), Mayo Elbow Performance
Score (MEPS), and 36-item Short Form Health Survey (SF-36) scores between the WeChat group (n=56) and the control group (n=56) among 112
adult patients with posttraumatic elbow stiffness who underwent open elbow arthrolysis. This historical control study was conducted at a tertiary
first-class hospital in Shanghai, China, from January 2021 to March 2022.

(A) 10 (B)
P<.001 . 30 4
—~~ - (D
z 120 8
o 5,251
o 110 - o}
@ z
=2 c 204
< 100 - ke
E 2
o o] O 151
T >
3 m
(@] .
8 - g 10
w a
w 5
70 .
T T T T
eeks week® week ek eek®
ne A . \ne e .
pase" eral e eratv® pase! poro™ Pos\opera“"e alive
70 80
() P01 (D)
[0}
o) [0}
o) O 70
—
O 60 (@]
o) [0}
o ©
= = o
c
o .0
S 50 =
© ]
c .£ 50
2 5
Q 7
g 40 - g 40
3 ®
S S |pea7
L 30 -
30 - L
\.me] . . week eek® weeks \'\\-\el . etk oekS weeks
pase eral e erative 82s® posto ¢ ef erativ®
E F
(E) P<.001 (F) .
80
—_~
[0}
® 70+
I}
O
wn
N
O g0
® 60
L
wn
50
P=.74
55 T T ™ vy 40 T T = ”
. \Nee (<) \Nee . A \Nee e \Nee
ne e we ne e e i
pase" perd <opere™ erative Base! Pos\ooe‘aw soper®™ erath®
—s=— \WeChat group —e— Control group

https://formative jmir.org/2025/1/e58218

JMIR Form Res2025 | vol. 9 1e58218 | p. 11
(page number not for citation purposes)


https://formative.jmir.org/2025/1/e58218

JMIR FORMATIVE RESEARCH

Fang et al

Table 4. Adverse events in the WeChat group and control group among 112 adult patients with posttraumatic elbow stiffness who underwent open

elbow arthrolysis. This historical control study was conducted at a tertiary first-class hospital in Shanghai, China, from January 2021 to March 2022.

Control group (n=56),

Adverse event WeChat group (n=56), n (%) n (%)
Related to the surgical site N/A? N/A
Severe bleeding or hematoma N/A N/A
Aggravation of wound infection N/A N/A
Structural instability N/A N/A
Overall physical condition of the patient N/A N/A
Serious systemic adverse reactions N/A N/A
Serious cardiovascular problems 1(2) N/A
Extremely weak or tired N/A 1(2)
Abnormal rehabilitation progress N/A N/A
Severely limited joint movement and intensified pain N/A 1(2)

4N/A: not applicable.

Secondary Outcomes

This study revealed no significant differences between the 2
groups in MEPS (P=.61) or SF-36 (P=.69) scores at the first
week after surgery. However, the WeChat group had higher
MEPS and SF-36 scores at 12 weeks than the control group
(all P<.001; Table 2). The study also showed statistically
significant differences in the time effect (MEPS: P<.001 and
SF-36 score: P<.001), between-group effect (MEPS: P=.03
and SF-36 score: P=.046), and interaction effect (MEPS:
P<.001 and SF-36 score: P=.005) between the 2 groups, as
shown in Table 3. Figure 2 illustrates the differences between
the 2 groups in MEPS and SF-36 scores, and Figure 3 shows
the changes in MEPS and SF-36 scores over time.

There was no significant difference in the incidence of
postoperative complications between the 2 groups (hetero-
topic ossification: P=.80; new onset or exacerbation of ulnar
nerve symptoms: P>.99; repeat elbow stiffness: P=.56).
Among the 56 patients in the WeChat group, 2 (4%)
developed heterotopic ossification, specifically grade 2A and
grade 2C, respectively. In the control group, which also
consisted of 56 patients, 3 (5%) had heterotopic ossification,
namely, grade 2A, grade 2B, and grade 2C, respectively. The
absolute and relative effect sizes were 0% for grade 2A and
grade 2B, and 1.8% and 100% for grade 2C, respectively.
In both groups, 1 (2%) patient experienced a new onset or
exacerbation of ulnar nerve symptoms, with absolute and
relative effect sizes of 0%.

Concerning repeated elbow stiffness, 1 (2%) patient was in
the WeChat group, and 2 (4%) patients were in the control
group. The absolute and relative effect sizes were 1.8% and
50%, respectively.

Discussion

Principal Findings

This historical control study investigated the efficacy
of integrating WeChat with scene-based graphic health

https://formative jmir.org/2025/1/e58218

education. The results indicated that the WeChat group
demonstrated superior elbow mobility (elbow flexion,
extension, forearm pronation, and supination) and functional
outcomes (MEPS scores and SF-36 scores) compared with
the control group, with treatment effects becoming more
pronounced over the postoperative period, particularly at 12
weeks postoperation. These findings suggest that this novel
approach can facilitate better and more sustained recovery
for patients with posttraumatic elbow stiffness. The method
likely helps patients comprehend the rehabilitation process
and adhere to the treatment plan, resulting in long-term
improvements in elbow function and overall health-related
quality of life.

The efficacy of this approach is attributed to immersive
comics that reduce cognitive load through a 4-stage informa-
tion chunking process, and interactive games, which foster
adherence to daily tasks. Additionally, WeChat’s real-time
feedback minimizes exercise errors, while peer support
enhances social support by fostering emotional camarad-
erie and knowledge sharing among patients. These findings
underscore the dual benefits of the approach in improving
knowledge retention and sustaining behavioral compliance.
It has been shown to be more effective than single-modality
interventions.

Comparison With Prior Work

Interest is often considered the best teacher in the pursuit
of learning, and learning serves as a bridge linking us to
knowledge and compliance [43]. The form in which messages
are delivered significantly influences knowledge absorption
[44]. Engaging formats enhance interest and capture readers’
attention, thereby improving learning efficacy [45]. Past
research has used various strategies to increase readers’
attention, such as celebrity endorsements, humor, videos, and
emoticons [44-46]. Moreover, an article’s format, content,
length, and communication style significantly affect readers’
attention [47]. The use of caricatures has been shown to be
a key feature in attracting the greatest reader engagement,
and posts with images tend to have higher rates of liking
and sharing [43]. This study developed a comic book. As
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previously described, the elbow ROM and MEPS and SF-36
scores in the WeChat group were significantly better than
those in the control group. Its effectiveness is rooted in
cognitive load theory, which posits that the human brain
has a limited information-processing capacity at any given
time, categorized into intrinsic cognitive load (task/person-
specific information complexity), extraneous cognitive load
(suboptimal presentation conditions), and germane cognitive
load (working memory resources allocated to process intrinsic
load) [48]. The comic book’s advantages align closely with
this framework. First, the comic systematically partitions
complex rehabilitation protocols into 4 graduated modules,
reflecting Sweller’s simple-to-complex instructional paradigm
[48]. This phased decomposition mitigates intrinsic cognitive
load by translating daunting tasks (eg, 300 groups of motions
that need to be mastered in the early postoperative stage)
into sequentially manageable subtasks. For example, stepwise
motion schematics visually deconstruct exercise routines,
reducing the cognitive effort required to interpret textual
instructions. It also significantly reduces patients’ psycho-
logical aversion to excessive task volume, thereby alleviat-
ing intrinsic cognitive load [47]. Second, comic illustrations
serve as a perceptual bridge for abstract medical concepts.
Dynamic visuals and narrative threads enhance retention by
fostering immersive learning environments [49-51] consis-
tent with Mayer’s signaling principle [48,52]. Color-coded
anatomical annotations and symbolic icons (eg, distinct
shades denoting elbow components) adhere to the redun-
dancy principle [48], ensuring visual-textual synergy while
avoiding information duplication. Visual cues, such as arrows
highlighting hinged external fixator adjustments, further
optimize information hierarchy, minimizing extraneous load
associated with identifying critical details [49]. These design
elements enhance aesthetic appeal and function as mem-
ory anchors, corroborated by research on visual mnemonic
efficacy [49]. Third, the comic’s narrative structure culti-
vates patient engagement through relatable, character-driven
scenarios, contrasting with the abstract nature of conventional
educational materials [50,51,53]. By embedding rehabilitation
guidance within plausible story arcs, such as a protagonist’s
recovery, the comic amplifies germane load through personal
relevance, a mechanism supported by narrative transporta-
tion theory [53]. This emotional resonance deepens infor-
mation encoding and may improve treatment adherence by
transforming instructional content into personally meaningful
narratives [48].

High participation is a fundamental prerequisite for
effective and rapid knowledge acquisition [54]. Self-determi-
nation theory, based on 3 innate and universal psychological
needs, competence, autonomy, and relatedness, explains this
phenomenon [55].

When individuals’ psychological needs are met, they
engage in learning more actively [55]. Optimizing the
learning environment helps satisfy these needs [55].
Gamification can fulfill these needs by providing an engaging
environment that effectively drives participants’ motivation
[52]. Elements such as goal-setting, recording or affirma-
tion of performance, and rewards for achievement influence
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learning efficacy [55]. In this study, interactive games were
developed for patients with OEA. While elbow ROM,
MEPSs, and SF-36 scores showed no significant intergroup
differences 1 week postoperation, the gamified design in the
WeChat group effectively addressed patients’ early psy-
chological needs, establishing a solid foundation for long-
term therapeutic benefits. Specifically, games such as the
“Picture-Based Cloze Test” were implemented to reinforce
critical rehabilitation concepts. Through repeated practice
sessions, patients engaged with challenging content until
mastery was achieved, at which point a congratulatory
message (“Well Done!") would appear on the PowerPoint
screen. This iterative approach, designed to balance difficulty
with achievable goals, aimed to foster intrinsic motiva-
tion by leveraging the psychological need for competence —
the satisfaction of which, as posited by self-determination
theory, drives self-determined behavior [55]. By embedding
enjoyable elements into knowledge acquisition, the games
promoted deeper engagement with rehabilitation materials,
consistent with the self-determination theory’s emphasis on
intrinsic motivation as a primary driver of sustained learn-
ing [55]. Crucially, the design prioritized autonomy support
by allowing patients to progress at their own pace, thereby
satisfying the theoretical need for autonomy. Additionally,
as patients received encouragement and praise from the
interactive games, autonomy-supportive extrinsic motivation
further enhanced their sense of autonomy, leading to a deeper
internalization of the rehabilitation process and making it
more meaningful and self-driven [55]. Finally, peer-assisted
interactions (eg, mutual encouragement) within the games
satisfied the need for relatedness, improving both intrinsic
and extrinsic motivation for long-term adherence to rehabil-
itation protocols [55]. The interactive nature of the games
allows patients to receive immediate feedback, which is
crucial for learning and retaining rehabilitation exercises.
This feedback loop reinforces correct techniques and provides
a sense of accomplishment, further motivating patients to
continue their rehabilitation efforts. By addressing these
psychological needs, interactive games make rehabilitation
more enjoyable and effective. This multifaceted approach
contrasts starkly with traditional health education, which
often falters due to its one-size-fits-all delivery. Postoperative
patients, already stressed by surgery, may resist static written
materials or passive video tutorials that offer no opportu-
nity for agency [45]. Moreover, traditional methods rely
heavily on nursing staff’s communication skills, introducing
variability in information retention [27]. The absence of
immediate feedback and adaptive pathways further limits
patients’ ability to build competence or sustain engagement.

Behavioral oversight plays a crucial role in health
management, is equally pivotal in elbow rehabilitation,
and is firmly grounded in social support theory [56].
This theory poses that social support involves exchanging
resources between individuals to improve the recipient’s
health, functioning, and well-being [57]. It can be divi-
ded into instrumental, emotional, informative, and other
forms of support. When individuals are supported by their
social environment, such as health care professionals, family
members, or even peers, their behavior can be strengthened
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[57]. In rehabilitation, behavioral oversight ensures that
patients follow treatment plans, provides encouragement, and
identifies challenges for timely adjustments. Such oversight
fosters a structured, supportive environment that enhances
adherence and recovery. Recently, WeChat has emerged as
a pivotal tool in health education and disease management,
garnering widespread acceptance [19-23,25-32]. Enhancing
health information dissemination and assimilation through
WeChat has become a focal point worthy of further research
[43,44]. This study highlights key aspects of behavioral
oversight via WeChat. At 6 and 12 weeks postopera-
tively, the WeChat group showed significantly better elbow
ROM, MEPS, and SF-36 scores, along with a lower com-
plication rate. This can be explained as follows: First,
WeChat creates a structured professional support system that
provides instrumental patient support [57]. It enables ongoing
communication between researchers and patients after
discharge, facilitating real-time monitoring and feedback,
thereby ensuring seamless educational support. Procedures
such as “daily check-in reminders prompt patients to
maintain their rehabilitation routines. By setting daily goals
and incorporating knowledge consolidation, patients are more
likely to adhere to their rehabilitation plans and achieve
better outcomes. The “Error Correction” and “Daily Q&A”
features serve as educational tools and behavioral assess-
ments. Researchers can use the results to identify areas
where patients may struggle and provide targeted support
and guidance. This closed loop of “monitoring-feedback-
intervention” aligns with the theory’s emphasis on organ-
ized support to enhance self-regulation, ensuring patients
receive continuous, tailored advice to maintain adherence
[57]. Second, WeChat’s social features foster peer emotional
support networks, a core component of emotional support
in the theory [57]. Patients who share rehabilitation videos
or group pain management experiences engage in reciprocal
emotional validation. For example, a patient’s demonstration
of achieving 100° elbow flexion at 8 weeks postoperation
often triggers observational learning and mimicry among
peers, enhancing collective self-efficacy through vicarious
experience and motivating sustained adherence to treatment
plans. Third, WeChat’s data-tracking capabilities enable
dynamic support strategies rooted in informational support
[57]. Using WeChat for behavioral oversight also provides
valuable data for researchers to analyze patient behavior
patterns and treatment outcomes, yielding insights that can
further refine rehabilitation strategies and improve patient
care.

Strengths and Limitations

This study has several strengths. First, it introduces a novel
and innovative health education approach to elbow reha-
bilitation by incorporating comics, integrative games, and
WeChat. The approach enhances patient engagement and
comprehension, ensuring better retention and understanding
of rehabilitation procedures. Second, the study emphasizes
the importance of behavioral oversight in health management,
which is often overlooked in traditional health care settings.
By leveraging the capabilities of the WeChat platform, it
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provides a feasible solution for continuous, personalized
monitoring of patient behavior postdischarge.

Importantly, this study has certain limitations. First, the
patient follow-up period was limited to 12 weeks, which
does not provide insight into long-term outcomes. Although
this relatively short time frame restricts our understanding of
sustained changes, the data collected during these 12 weeks
can offer valuable early indications. Several considerations
can help mitigate the potential impact of this limitation on
the interpretation of our results. First, although the short
follow-up restricts our understanding of long-term changes,
the data collected during these 12 weeks can provide valuable
early indications. These findings can inform future inves-
tigations with extended follow-up periods to validate and
extend upon our findings. Additionally, despite the absence of
long-term data, the observed short-term effects remain useful
for guiding clinical practice. Clinicians can use these early
outcomes to make informed decisions regarding patient care
while remaining attentive to potential differences in long-term
results. Second, the study was conducted at a single center,
which may limit the generalizability of the findings. The
unique characteristics of the patient population and the health
care system at this center could influence the results and
their applicability to other settings. Another limitation is the
potential for self-reporting bias in the behavioral monitoring
component. Patients may not always accurately report their
behavior, which could affect the reliability of the data.

Future Directions

For future research, it would be beneficial to extend the
follow-up period to assess the long-term efficacy of the
rehabilitation program. This would provide a more com-
prehensive understanding of the sustained impact of the
intervention on patient outcomes. Additionally, future studies
should replicate this study across multiple centers with
diverse patient demographics and health care systems. Such
efforts would help determine whether the observed benefits
are consistent across different environments and populations.
Also, this study’s approach could be applied to other types
of rehabilitation or different patient populations to assess
its generalizability. Furthermore, to minimize self-report-
ing bias, future studies could incorporate objective meas-
ures, such as wearable devices or other technologies, to
track patient activity levels and adherence to rehabilitation
protocols more accurately. Finally, investigating the cost-
effectiveness of using comics, integrated games, and WeChat
in health education would provide valuable insights for health
care providers considering the implementation of similar
programs.

Conclusion

This study demonstrates that WeChat-based plus scene-graph-
ical health education effectively communicates information to
patients who have undergone OEA. This approach has been
shown to enhance elbow ROM, functionality, and overall
quality of life. Furthermore, it offers a platform for patients to
address challenges and support one another.
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