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Purpose: This study aimed to develop a systematic, evidence-based rehabilitation intervention tailored for elderly patients undergoing
TKA, informed by stakeholders, and evaluate its impact on patient outcomes.

Patients and Methods: Guided by the Knowledge-to-Action (KTA) Framework, this study comprised two sequential phases. In the
knowledge creation phase, we systematically synthesized evidence through comprehensive retrieval, critical appraisal, and integration
of high-quality rehabilitation programs for elderly patients undergoing TKA from domestic and international literature. During the
action cycle phase, expert panel discussions and stakeholder interviews were conducted to identify barriers and facilitators of
implementation, culminating in the co-development of a finalized intervention program. A quasi-experimental study was subsequently
implemented to assess its preliminary efficacy in this target population.

Results: Fourteen high-quality sources were synthesized to form 17 evidence-based recommendations across six dimensions. Through
expert panels and stakeholder interviews, a structured rehabilitation program was developed, addressing key barriers and implementa-
tion strategies. In the subsequent quasi-experimental study (n = 60), patients in the intervention group showed significantly better
postoperative pain control, range of motion, and knee function compared to controls (all P < 0.05), with no baseline differences
between groups.

Conclusion: The evidence-based rehabilitation program significantly enhanced functional recovery parameters, and pain control
efficacy compared to standard care. Implementation of this structured intervention framework demonstrates clinically meaningful
improvements in early postoperative outcomes following TKA.

Keywords: clderly patients, total knee arthroplasty, functional exercise, rehabilitation, evidence-based practice, knowledge to action
process framework

Introduction
Knee Osteoarthritis (KOA) is a prevalent degenerative joint disease characterized by articular cartilage degradation and
periarticular fibrous tissue proliferation.' Primarily affecting individuals aged 60 years and older, particularly women, its
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incidence escalates with advancing age. Clinical manifestations include pain, swelling, and restricted range of motion,
with severe cases potentially progressing to joint dysfunction or disability.? According to epidemiological data, KOA
affects nearly 365 million people globally, with its prevalence reaching as high as 50% among those over 60, and an
estimated 8.1% prevalence for symptomatic KOA in China.® Chronic joint deterioration in KOA patients may lead to
severe functional impairment, with 23% of advanced cases developing disability, thereby imposing substantial economic
and psychological burdens on both patients and their families.*

Total Knee Arthroplasty (TKA), also termed total knee replacement, is widely recognized as the most effective
intervention for end-stage KOA. This procedure involves replacing damaged joint surfaces with prosthetic components to
restore normal joint function and enhance mobility.>® Although the success rate of TKA has been widely confirmed, its
ultimate outcomes depend not solely on the surgical procedure itself but critically on postoperative rehabilitation
exercises.” Timely and effective functional exercises following surgery are crucial for ensuring surgical efficacy and
reducing complication risks. The stress stimulation induced during rehabilitation plays a vital role in accelerating
postoperative callus formation, calcium salt deposition in cancellous bone, and facilitating joint reconstruction.
Furthermore, functional exercises positively influence the circulatory system by enhancing lymphatic drainage and
blood circulation, thereby reducing postoperative edema and hematoma, promoting wound healing, and preventing
deep vein thrombosis.® The flexion-extension movements during exercise improve postoperative range of motion
(ROM), increase lower limb muscle strength, and enhance joint stability.” Restoration of joint function after TKA
constitutes a prolonged and progressive process. To optimize muscle strength retention and maintain joint functionality,
patients require sustained rehabilitation training over an extended period. Consequently, consistent adherence to
scientifically-guided exercise regimens is paramount for achieving optimal postoperative recovery outcomes.

However, current studies indicate suboptimal rehabilitation exercise adherence among post-TKA elderly patients.
Research has revealed'®'" that a substantial proportion of patients report persistent pain, unsatisfactory functional
recovery, and dissatisfaction with surgical outcomes during extended postoperative periods. Patient-specific factors
including individual physical status, exercise-related knowledge deficits, self-efficacy limitations, and postoperative
pain management challenges'>'® have been identified as key determinants of rehabilitation efficacy. Under the
guidance of evidence-based principles, many existing programs are developed from the top down, mainly through
evidence synthesis and expert consultation, without systematically addressing the complex background barriers
existing at the care point. These barriers include organizational limitations such as heavy workloads for staff and
the unique social and cultural needs of patients. And there is a lack of active participation from all stakeholders
(including doctors, nurses and patients themselves) during the implementation process. Therefore, many well-designed
protocols have failed to achieve the expected results in actual clinical Settings, indicating that there is still a gap
between evidence and practice.

Evidence-based nursing practice revolutionizes conventional care models by integrating best available evidence,
clinical expertise, and patient values to drive informed clinical decision-making."* The complex process of evidence
translation necessitates structured theoretical frameworks, with the Knowledge-to-Action (KTA) Process Framework'”
developed by Canadian researchers providing a robust implementation roadmap. Domestic and foreign researchers have
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applied this framework to various studies such as enteral nutrition for critically ill patients
clinical nutrition evidence.'® The results show that through multidisciplinary cooperation and combined intervention
strategies of multiple approaches, patients can achieve relatively optimistic clinical outcomes.

Therefore, building upon the successful application of the KTA model in other fields, this study employs it to address
the evidence-to-practice gap in post-TKA rehabilitation. The novelty of our research, however, extends beyond simply
constructing a program. We aim to develop a contextually-tailored functional exercise plan through a rigorous, stake-
holder-driven process. Specifically, our study will: (1) integrate multiple evidence dimensions, combining clinical
evidence with qualitative data on local barriers, and (2) utilize a co-design approach with active stakeholder engagement
to ensure the program’s real-world feasibility. Ultimately, this research seeks to not only construct a comprehensive
functional exercise program for elderly patients after TKA but also to preliminarily validate a model for its sustainable

implementation in practice.
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Materials and Methods

Planned Process: Knowledge to Action Framework

Our study was guided by the Knowledge to Action (KTA) framework and conducted in two phases: knowledge creation
and the action cycle, as illustrated in Figure 1.'> During the knowledge creation phase, a systematic literature review,
quality appraisal, and evidence synthesis were performed to produce comprehensive, clear, and reader-friendly recom-
mendations. In this phase, the process involves synthesizing multiple types of evidence, including clinical decision
support systems, clinical guidelines, and expert consensus statements.'**° When necessary, we retrieve original research
studies to ultimately generate the best available evidence relevant to our research topic. The registration number of this
stage of research at the Evidence-Based Nursing Center of Fudan University is: ES20220732. In the action cycle phase,
the KTA model guided the entire process, encompassing the identification of problems, selection of appropriate knowl-
edge resources, adaptation of knowledge to specific contexts, evaluation of potential barriers, monitoring of implementa-
tion, assessment of outcomes, and maintenance of knowledge use. At this stage, the expert meeting was employed to
adapt the preliminary intervention program to the local context. Qualitative methods were used to identify barriers and
facilitators in implementing the evidence-based program. Finally, quantitative methods were applied for preliminary
implementation and monitoring of the rehabilitation exercise program’s effectiveness.

Knowledge Creation
(Evidence summary)
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Figure | Knowledge-to-Action Process.
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Phase I: Knowledge Creation

An interdisciplinary evidence-based practice team comprising eight members was established, including one chief
orthopedic surgeon, one chief nurse specializing in rehabilitation nursing research, one orthopedic surgeon, one exercise
rehabilitation expert, one specialty nurse with 20 years of clinical experience, and two postgraduate students.

Literature Search

The literature search was conducted following the “6S” evidence pyramid model, adhering to a top-down approach.
Databases searched included UpToDate, Guidelines International Network, National Institute for Health and Care
Excellence, Cochrane Library, Joanna Briggs Institute, Embase, Web of Science, Pubmed, China National Knowledge
Infrastructure. The search terms included “elderly”, “total knee replacement/total knee arthroplasty”, “exercise therapy/
motor activity/early rehabilitation/exercise training/physical activity”, etc. The detailed search strategy and the number of

articles retrieved from each database are provided in Supplementary file 1.

Inclusion and Exclusion Criteria for Literature
Inclusion Criteria: (1) The study population consisted of elderly patients undergoing total knee arthroplasty. (2) The study
must include postoperative functional exercise components. (3) The study type should be clinical decisions, guidelines,
consensus, evidence summaries, systematic reviews, meta-analyses, or randomized controlled trials (RCTs).

Exclusion Criteria: (1) Non-Chinese and non-English literature; (2) Full-text articles not available; (3) Documents
such as interpretations, plans, drafts, etc.

Literature Quality Assessment and Evidence Extraction

The critical appraisal for summaries of evidence, AGREE II,*' and the JBI Evidence-Based Healthcare Center’s quality
assessment tools were used to evaluate the literature.”> Additionally, two researchers, trained in evidence-based nursing
systems, independently extracted relevant evidence. The translation and integration of the evidence were collaboratively
discussed and finalized by the research team.

Phase 2: Knowledge Application

Integration of Evidence into Clinical Context

After discussion within the research group, the generated evidence was introduced into the clinical setting through expert
meetings to preliminarily formulate a draft of the functional exercise intervention program. Invited experts included
clinical specialists in orthopedics, clinical nurses, rehabilitation nurses, and nursing administrators.

Analysis of Barriers

A qualitative study was conducted to identify potential barriers and facilitators perceived by stakeholders (patients and
healthcare professionals) in implementing the evidence. Interviews were conducted until data saturation was reached.
The interview guide for healthcare professionals included the following questions: (1) How do you perceive the current
status of functional exercises for patients following TKA? (2) In your daily practice, how do you recommend functional
exercises to patients post-TKA? (3) Could you describe your understanding of evidence related to functional exercises
post-TKA? (4) What factors do you think hinder evidence-based practice of functional exercises for post-TKA elderly
patients? (5) What factors do you think facilitate the successful implementation of evidence-based practice for functional
exercises in elderly patients undergoing TKA?

The interview guide for patients included: (1) Do you think postoperative functional exercise is important/not
important to you? (2) Could you describe your feelings during functional exercises? (3) What factors do you think
affect your postoperative functional exercises? (4) How do you perceive the guidance provided by healthcare profes-
sionals for your postoperative functional exercises? (5) Do you communicate problems encountered during your
exercises with healthcare professionals? (6) Regarding your current functional exercise status, do you have any needs
or suggestions?

A semi-structured interview” with open-ended questions was deliberately employed to encourage participants to
provide rich, detailed narratives of their experiences and perceptions, rather than limiting their responses to preconceived
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categories. Follow-up probing questions were used to explore emergent themes in greater depth. Interview data were
transcribed within 24 hours after completion and analyzed using Colaizzi’s seven-step analytical approach:** (1)
Repeatedly reading the interview transcripts; (2) Extracting significant statements; (3) Coding key information; (4)
Aggregating coded information; (5) Describing detailed information; (6) Developing overarching themes; (7) Returning
to participants for verification of uncertain points.

Selection and Tailoring of Interventions

A temporary on-site meeting was held in the learning room of the department where the practice was carried out.
Through the form of brainstorming, the initially constructed plan and obstacle factors were discussed, and the interven-
tion plan was selected, tailored and improved. Finally, the final draft of the evidence-based practice plan for rehabilitation
exercise after TKA was formed.

Monitoring Knowledge Application and Outcomes

A quasi-experimental study design was adopted to monitor the application and effectiveness of the knowledge interven-
tion. This trial was conducted from August 31 to December 31, 2023, in the orthopedic wards of a tertiary general
hospital in China. Wards were divided into intervention and control groups based on their location relative to the nursing
stations to minimize interference between groups. Physicians and nurses involved in the wards were aware of an ongoing
intervention study but were blinded to the specifics of group assignments and intervention details. The study was
conducted in accordance with the Declaration of Helsinki and was approved by the Medical Ethics Committee of
Mindong Hospital in Ningde City and the audit of the Chinese Clinical Trial Registration Center (Registration number:
ChiCTR2500100693). Participants were fully informed about the study, provided informed consent, and participated
anonymously. The consent form explicitly stated that anonymized responses and direct quotes could be used in
publications.

Participants
Inclusion Criteria: (1) Patients meeting diagnostic criteria for knee osteoarthritis; (2) Age > 60 years; (3) First-time
unilateral total knee arthroplasty recipients; (4) Capable of unimpeded communication.

Exclusion Criteria: (1) Secondary KOA patients; (2) Concurrent hip/knee replacement recipients; (3) Comorbid
conditions affecting limb mobility; (4) Comorbid major organ dysfunction (cardiac, pulmonary, or cerebral) or malig-
nancy; (5) History of lower extremity venous thrombosis or primary thrombotic disorders.

Sample Size Calculation: Using the Hospital for Special Surgery Knee Score (HSS) as the primary outcome measure,
with a 1:1 allocation ratio between intervention and control groups, sample size was calculated via the formula:*> N/ =
N2 = (26°(Z_a+Z_f)°)/5°. In this example, bilateral test is adopted, and the test level is specified as a = 0.05, p = 0.10.
The test efficiency is /- = 0.90, so Za= 1.96 and ZB = 1.282 are obtained by looking up the table According to the
reference,26 the above formula was substituted to calculate that N1 = N2 =27, and considering the loss rate of 15%, there
were 32 cases in the experimental group and 32 cases in the control group.

Procedures

Control Group

The control group received standard orthopedic nursing care and functional exercise, which included the following
components: (1) Upon admission, patients were provided with orientation education to familiarize them with the hospital
environment and alleviate any anxiety; (2) Preoperatively, patients were guided on dietary preparation, personal item
management, skin hygiene, and functional exercise techniques; (3) After surgery, patients were instructed to elevate the
affected limb and apply ice for swelling control upon returning to the ward; (4) Postoperatively, verbal instructions were
given for bed exercises, including ankle pump exercises, quadriceps contractions, straight leg raises, and knee flexion
exercises; (5) Nurses demonstrated the proper use of assistive devices and provided guidance for out-of-bed activities; (6)
Discharge instructions were provided, which included information on functional exercises and the daily maintenance of
prosthetic devices, with a reminder for regular follow-up visits to the clinic.
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Intervention Group

On the basis of routine care, combine the evidence-based practice plan of rehabilitation exercise after TKA. Following
a comprehensive baseline assessment, a personalized in-hospital and post-discharge exercise regimen was formulated for
each patient. The exercise protocol specified the timing, frequency, intensity and type of activities, commencing post-
anesthesia with ankle pumps. The regimen progressed systematically: postoperative day one included isometric quad-
riceps/hamstring contractions, straight leg raises, and assisted gait training. Day two focused on achieving >90° knee
flexion, followed by resistance training with elastic bands on day three. Prescribed frequency was typically 3-5 times
daily for strengthening and 1-2 times daily for flexion, adjusted to patient tolerance. The plan included a comprehensive
discharge component, emphasizing at least eight weeks of continued exercise and providing resources like videos and
options for remote or supervised outpatient rehabilitation. The complete plan is detailed in Table 1.

Measurements

Demographic Data

The general demographic data of the two patient groups were collected, including gender, age, height, weight, body mass
index (BMI), educational level, employment status, marital status, type of medical insurance, monthly household income,
medical history, surgical site, and primary caregiver after discharge.

Observation Indicators

Knee Joint Function

The knee joint function was evaluated using the Hospital for Special Surgery Knee Score (HSS) of the United States.?’
The HSS scoring system mainly consists of pain degree, functional status, range of motion, muscle strength, flexion
deformity, stability and deduction items. Among them, the use of assistive walking tools, knee flexion contracture
deformity and valgus deformity are the items that can be deducted points. The total score is classified into four levels:
a score above 85 is considered excellent. 70 to 84 is considered good, and 60 to 69 is considered medium. Less than 60
points is the difference.

Range of Motion of the Knee Joint

Joint range of motion refers to the maximum range of motion that a joint can achieve, which reflects the flexibility and
range of motion of the joint. The ROM of the knee joint is determined by measuring the maximum Angle reached by the
knee during flexion (bending) and extension (straightening).

Pain

The degree of pain in patients with knee osteoarthritis was evaluated using the Visual Analogue Scale (VAS).”® The
method was to draw a 10-centimeter straight line on a piece of paper. The left end (0 points) indicated no pain, and the
right end (10 points) indicated extreme pain. Patients marked their pain levels on the scale based on their actual feelings:
0 points for no pain, 1 to 3 points for mild pain that is tolerable, 4 to 6 points for moderate but controllable pain, and 7 to
10 points for severe pain that is unbearable.

Evaluation Timing

The knee joint function was evaluated by this scale one day before the operation and one month after the operation. Pain
and knee joint range of motion were evaluated and recorded 1 day before the operation, 7 days after the operation, and 1
month after the operation.

Quality Control
(1) Before the official implementation, the intervention team was trained, and the tasks of the group members and their
respective divisions of labor were relatively clear.

(2) Supervision was conducted by the researcher himself/herself and the nursing leaders of the department during the
implementation period. The nursing leaders of the department asked questions to the nursing staff and conducted bedside
checks on the patients’ knowledge of functional exercise and the progress of exercise twice a day.
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Table | Evidence-Based Practice Plan for Functional Exercise in Elderly Patients After TKA

Preliminary
guarantee

Intervention team training

1. Train the members of the intervention team.

Significance of Functional
Rehabilitation

2. Through muscle strength training, enhance the strength of the flexor and extensor muscles around the knee joint and promote the recovery of the body.

3. Through walking or other coordination training, enhance the patient’s confidence in recovery and prevent deep vein thrombosis at the same time.

4. By performing active and passive knee joint movements, it is possible to effectively prevent postoperative joint adhesions, promote blood circulation in the limbs,
reduce the risk of postoperative complications, and help resume daily life and participate in some social activities.

Preoperative Functional
Exercise Education

5. During hospitalization, physical therapists or other team members will provide guidance to patients and their families on relevant content. The contents include:
expectations during hospitalization, factors influencing discharge plans, safe transfer techniques, the use of assistive devices and fall prevention. Learn pursed-lip
breathing, effective cough training, quadriceps muscle strength, joint range of motion, resistance training and ankle pump training.

Organizational
management

Multidisciplinary Collaborative
Support

6. Form a multidisciplinary team management team to provide full-process supervision and guidance for patients’ functional exercises. The team members include
specialist doctors, nurses, physical therapists and other relevant professionals.

Formulation of Personalized
Exercise Plan

7. The relevant conditions of the patients should be comprehensively evaluated before formulating the functional exercise plan.

8. The assessment content includes social background information such as factors related to the primary disease (including the course and course of the disease,
previous treatment methods and their effects, diagnosis, etc)., local knee joint condition, general condition and complications, mental, psychological and intellectual state,
age, gender, family member status, whether living with children, and living environment (rural or urban).

9. A multidisciplinary team will assist patients in formulating in-hospital and post-discharge rehabilitation plans and suggestions based on their conditions.

(Continued)
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Table | (Continued).

Exercise plan Principles for Individualized Plan
Formulation

10. The selection of exercises and their optimal parameters (frequency, intensity, and duration) are determined through a comprehensive assessment of multiple patient-
specific factors, including age, general health status, comorbidities, preoperative function, local knee condition, psychological status, and living environment. Exercise
progression and modification follow dynamic clinical principles: exercises are advanced when pain is controlled, vital signs are stable, and no local deterioration is
observed; maintained when tolerance fluctuates but no red flags appear; reduced when uncontrolled pain or local swelling occurs; and ceased immediately if red flag
symptoms emerge (eg, dizziness, chest tightness, neurological signs, or wound exudate).

Time and Type

I'1. After the patient’s postoperative anesthesia recovery and sensorimotor recovery, guide the patient to perform muscle strength exercises, such as ankle pump
exercises.

12. On the first day after the operation, the following exercises are initiated: (|) Isometric contraction exercises of the quadriceps femoris (to enhance the muscle
strength of the anterior thigh rectus femoris, medial femoris, lateral femoris and intermediate femoris muscle groups). (2) Isometric hamstring contractions (to enhance
the strength of the semitendinosus, semimembranes, biceps femoris and long head muscle groups at the back of the thigh). (3) Straight leg raising exercises.

13. On the first day after the operation, gait training is assisted by a walking aid. Three months later, it was gradually switched to walking training assisted by a walking
stick.

14. On the second day after the operation, active and passive exercises are carried out to achieve a knee flexion degree of or exceeding 90°.

15. Starting from the third day after the operation, it is recommended that patients who have undergone TKA can use elastic bands to assist in exercises, including two
stages: knee flexion and extension exercises and leg lifting exercises.

16. Throughout Hospitalization: Daily living activity training, such as transfer training (sitting up in bed, standing beside the bed) and climbing stairs, is incorporated.

17. CPM is not routinely used for patients receiving primary, uncomplicated TKA.

Frequency and Intensity

18. Muscle strength exercises are generally performed 3 to 5 times a day, and knee flexion and extension training | to 2 times a day.

19. Foundational Exercises: (1) Ankle pump exercises: 10 to |5 repetitions per set, 3 to 5 sets per day. (2) Isometric quadriceps femoris contractions: 5 to 10 times
per set, 3 to 5 sets per day. (3) Isometric hamstring contractions: performed | to 2 sets per time, 3 times a day (each set lasts about | to 2 minutes).

20. Advanced Functional Exercises: (1) Straight leg raising exercises: 45° to 50°%, keep suspended for 5 to 10 seconds, 5 to 10 times per set, 3 to 5 sets per day. (2) Elastic
band exercises: | to 2 times a day.
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Discharge follow-up

Healthcare Level

21. Remote rehabilitation can be used as an alternative way to receive rehabilitation after TKA for remote supervision and guidance of exercise.

22. Provide patients with relevant rehabilitation exercise videos and other auxiliary exercises.

23. Provide supervised group or individual outpatient rehabilitation for some special groups: patients who have difficulty managing daily living activities, those with
persistent functional impairments that lead to special rehabilitation needs, those who have not achieved rehabilitation goals through self-rehabilitation exercises, and
those with cognitive impairments.

Patient Level

24. Rehabilitation after TKA is a long-term process. Eight weeks or more of rehabilitation exercises are required after discharge to improve physical and joint functions,
which may vary depending on age and overall health status.

(For patients who have caregivers after returning home, caregivers should be encouraged to participate in supervising the patients to continue exercising at home.
@About three months later; after a re-examination of muscle strength recovery and stable activity, one can try walking without any assistive devices.

(®Be careful not to maintain the same position for a long time (30 minutes) to prevent thrombosis.

@After TKA, one needs to wait at least six weeks before driving again.

®Try to keep your legs elevated within one month after the operation to reduce swelling.

©Do not sit cross-legged for six weeks after discharge.

@Avoid twisting your knees for a long time (> 30 minutes). Try to bend down and stretch up as much as possible.

@®Avoid prolonged use of pillows under the knees during sleep. No specific sleeping posture is required postoperatively.

©®Do not do any household chores involving lifting or moving heavy objects for as long as possible after the operation.

@It is recommended to engage in low-impact activities of low to moderate intensity three months after the operation, such as walking, swimming, riding stationary
bicycles or cycling. Contact sports, most ball games and martial arts are not recommended.

Note: *Represents the angle of straight leg raise.
Abbreviations: TKA, Total Knee Arthroplasty; CPM, continuous passive motion; ROM, Range of Motion.
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(3) Intervention implementation process: Based on evidence-based clinical evidence, the FAME principle of evidence
evaluation was applied to formulate quality review indicators for feasibility (F), appropriateness (A), significance (M),
and effectiveness (E).” A total of 17 review indicators were formulated, and the review objects and methods were
determined for each one, as shown in Table 2.

Data Analysis

The baseline data and outcome indicator data of the research subjects were entered by two people and cross-checked for accuracy.
The statistical analysis of the data was conducted using SPSS 26.0 software. The measurement data conforming to the normal
distribution were expressed as mean + standard deviation (X £ s) and the comparison between the two groups was analyzed using
the two independent sample #-test; If the normal distribution is not satisfied, it is expressed as the median and interquartile range
[M (P25-P75)], and analyzed using the Mann—Whitney U-test. Counting data were expressed as frequency and composition ratio
[n (%)], and the y° test or Fisher’s exact test was used. The difference was statistically significant when P < 0.05. Repeated
measures analysis of variance was performed when the measurement data conformed to a normal distribution and had uniform
variances. If not, the generalized estimating equation was used.

Results

Phase I: Knowledge Creation
As shown in Table 2, through preliminary searches, 3550 articles were identified. After step-by-step screening, 14 articles
were eventually included, consisting of 1 clinical decision,*® 2 guidelines,31’32 3 evidence summaries,>>> 3 systematic

3949 and 3 expert consensuses.*'** Analysis, collation, and synthesis of the

reviews,”®>® 2 randomized controlled trials,
extracted evidence resulted in 17 recommendations categorized into six domains: organizational management, timing and

frequency of exercise, methods of exercise, locations for exercise, health education, and discharge follow-up.

Phase 2: Knowledge Application
Introducing Evidence into Clinical Context: Expert Meetings
A total of 16 experts were invited, comprising specialists in orthopedic surgery, clinical nursing, rehabilitation nursing,

and nursing management. Experts ranged in age from 30 to 50 years, with an average age of 39.1 years and an average
work experience of 15.5 years. The retrieved evidence was reviewed, modified, deleted, or supplemented through
discussion and brainstorming at the meeting, resulting in an initial draft program that covered four main areas:
preliminary assurance, organizational management, exercise program, and discharge follow-up.

Analysis of Barriers Qualitative Research

We interviewed 7 healthcare providers (5 females, 71.4%; 2 males, 28.6%) and 8 patients (5 females, 62.5%; 3 males,
37.5%). Thematic analysis of the interview data revealed three primary categories of barriers: (1) Systemic and
Evidence-Related Barriers, (2) Provider-Related Barriers, and (3) Patient-Related Barriers.

Systemic and Evidence-Related Barriers

Barriers at the systemic and evidence level were twofold. First, some evidence-based recommendations were impractical
for local clinical settings, particularly international guidelines misaligned with the Chinese context. Second, significant
resource constraints, including high workloads, staffing shortages, and a lack of dedicated space or equipment, severely
limited the providers’ capacity for patient education.

Knee recovery is a long process, and exercises after returning home are crucial, but supervising the outcomes is difficult.

Does ‘home rehabilitation” mean patients go home immediately after surgery.? Most patients here are elderly from rural areas.

Communication and supervision are challenging.
Sometimes we perform over ten surgeries daily. We have limited energy for repeatedly guiding patients on exercises.

We lack auxiliary exercise tools. For example, our department doesn’t have elastic bands for patient exercises.

2524 s Clinical Interventions in Aging 2025:20
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Table 2 Review Items and Methods of Functional Exercise for Elderly Patients After TKA

Organizational
management

I. It is suggested to form a multidisciplinary team, whose members include specialist doctors, nurses, physical therapists and other
relevant professionals, to provide full-process supervision and guidance for patients’ functional exercises.” 3!

Team leader

View the team formation file

2. Principles for formulating functional exercise plans: The optimal setting parameters should be determined by patient safety,
30,32

Medical staff and

Interviews and on-site observations

5. For patients undergoing TKA during hospitalization and rehabilitation, functional exercise once a day is sufficient to achieve
positive results. Therefore, it is recommended that the exercise frequency be twice a day.>*

Exercise mode

6. According to the patient’s recovery status, exercises are carried out to improve the function, strength and range of motion of the
knee joint: including knee joint range of motion training, ankle pump exercise, gait training, muscle strength training (mainly
isometric contractions of the quadriceps, hamstring and gastrocnemius muscles), balance training and training for daily living

activities. 303536

7. After the operation, resistance exercises and strength training should be gradually strengthened in a planned manner to improve
physical function, strength and knee joint range of motion.*®

8. It is recommended that patients after TKA can supplement with elastic band exercises, including two stages: knee flexion and
extension exercises and leg lifting exercises.”’

9. It is recommended that patients after TKA can supplement active heel sliding exercises.®®

10. It is not recommended to routinely use CPM for patients who have undergone primary and uncomplicated TKA303?

Exercise location

I'1. For TKA patients without complications and with good social support, family-based rehabilitation exercises are feasible and
have similar effects to inpatient rehabilitation in improving physical function, relieving pain and enhancing the quality of life.>®

activity, living environment and personal factors. patients

3. Help patients clearly understand the rehabilitation goals and the importance of standardized exercise to achieve these goals,29
Exercise timing and 4. Under the condition of evaluating the postoperative muscle strength of patients and ensuring safety, rehabilitation treatment was Doctor; On-site observation
frequency provided for patients undergoing primary selective TKA within 24 hours after the operation.?*'"3 Rehabilitation

therapist; Nurse

Health education

12. Introduce the surgical plan and postoperative rehabilitation plan to the patients, emphasizing the importance of active functional
exercise for accelerated recovery after TKA (eg, helping to enhance muscle strength and increase joint range of motion),?303335:36

13. The contents of health education mainly include expectations during hospitalization, factors affecting discharge plans, safe
transfer techniques, the use of assistive devices, fall prevention, effective cough training, quadriceps muscle strength, joint range of
motion, resistance training and ankle pump training.3°'33'36

Discharge follow-up

14. Remote rehabilitation can be used as an alternative way to receive rehabilitation after TKA for remote supervision and guidance
of exercise.*

15. Rehabilitation after TKA is a long-term process. Eight weeks of rehabilitation exercises are required after discharge to improve
physical function and joint function.?¢*!

16. It is recommended to engage in low-impact activities of low to moderate intensity, such as walking and swimming. Contact
sports, most ball games and martial arts are not recommended.>**?

17. Provide supervised group or individual outpatient rehabilitation for the following individuals: those who have difficulty managing
daily living activities; There are persistent functional impairments leading to special rehabilitation needs; Self-directed rehabilitation
has not achieved the rehabilitation goals. Patients with cognitive impairment.?’

Doctor; Nurse

Telephone follow-up records and review
of discharge guidance documents

Abbreviations: TKA, Total Knee Arthroplasty; CPM, continuous passive motion.
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Provider-Related Barriers
Interviews with healthcare providers, who are key to patient guidance, revealed specific professional barriers. Physicians
exhibited limited awareness of the evidence’s importance, while nurses expressed concerns about the increased workload

and the need for specialized knowledge regarding the exercise programs.

I think surgical technique is paramount; these exercises might only serve an auxiliary purpose.
New evidence seems to significantly increase our clinical workload. We are already short-staffed.

Many patients we see are elderly from rural areas. They might not understand or remember the exercises we recommend.

Patient-Related Barriers

Patient-level barriers were both physical and psychosocial. Physically, acute postoperative pain and swelling were
primary deterrents to exercise participation. Psychosocially, this was compounded by a lack of knowledge, low self-
efficacy, and a need for more professional guidance, which collectively fueled fears of harm and uncertainty about the

rehabilitation process.

The first two or three days after surgery, especially around the incision, were quite painful, making me reluctant to move much.
...after the pain pump was removed, moving became very painful, and my foot was very swollen.

Sometimes I don’t understand why holding a movement for a few seconds is necessary. Isn’t just moving around enough?

I might need more guidance for exercises at home. I’'m unsure.

Movement causes pain, and my knee won’t bend easily. I’'m worried bending it might damage the prosthetic.

Yesterday, I walked around, maybe too much. Today my leg hurts. Did the surgery fail? Should I have stayed in bed?

Based on the above interview results, the members of the research group, through discussion, analyzed the possible
obstacles to the application of evidence from the organizational level, the practitioner level, and the patient level, and
formulated change strategies (Table 3).

Select and Tailor Intervention Measures - On-Site Meeting
As shown in Table 1, through on-site discussion meetings held in the practical departments, the initially formed
intervention plan, the obstructive factors in the qualitative research, and the formulated action strategies were explored.

Table 3 Obstructive Factors and Reform Strategies of Functional Exercise for Elderly Patients After TKA

Organizational
management

Staffing shortages in clinical units; Limited dedicated space
for group rehabilitation instruction; Lack of auxiliary

exercise tools.

Organize training; Shoot exercise videos; Purchase auxiliary
exercise equipment.

Practitioner
level

High workload and increased burden; Limited familiarity
with evidence; Some nurses are not familiar enough with
the evidence.

Simplify the process and cultivate the team spirit; Integrate
evidence into daily work.

Patient level

Negative emotions due to discomfort symptoms; Need for
more support; Uncertainty about exercise effectiveness and

negative emotions.

Practitioners should attach great importance to the
experience of patients in rehabilitation treatment, fully
consider the actual needs of patients, strengthen
communication with patients, proactively understand the
problems existing in the rehabilitation treatment process of
patients, and offer help and encouragement.

https:
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The suitability and clinical feasibility of the plan were evaluated, and finally a clinical practice plan suitable for
functional exercise of elderly patients after TKA was constructed.

Monitor the Application and Effect of Knowledge Quasi-Experimental Study
Study Characteristics
This stage of the study was completed in the Department of Joint Surgery and Sports Medicine of a tertiary hospital from
September 2023 to December 2023. A total of 64 patients who underwent unilateral TKA were included, with 32 cases in
the experimental group and 32 cases in the control group. During the research process, one case in the control group was
excluded on the day of the operation when the family members temporarily decided to cancel the operation after multiple
considerations. In the experimental group, one patient had skin ulceration on the day of the operation and was eliminated
after the operation was cancelled. One patient was also eliminated after repeated discussions between the patient and the
family on the same day of the operation and it was decided to cancel the operation. One patient had part of the
uncooperative plan fall off. Therefore, a total of 60 patients were finally included in the study, with 29 in the
experimental group and 31 in the control group.

As shown in Table 4, there were no statistically significant differences between the two groups in key demographic
data (P > 0.05). As shown in Table 5, Furthermore, the baseline values of the primary outcome measures, including HSS,
VAS, and ROM scores, also showed no significant between-group differences at enrollment (P > 0.05). This indicates

Table 4 Baseline Characteristics by Study Group [(X*s)/n(%)]

Characteristic Experimental Control Test P value
Group (n=29) | Group (n=31) | Statistics Z/t/y2
Gender
Male 8 (27.6) 10 (32.3) 0.156* 0.693
Female 21 (72.4) 21 (67.7)
Age (years) 70.86+4.73 69.10£6.04 —1.255° 0.215
Height (cm) 157.48+7.74 156.52+8.31 —0.465° 0.643
Weight (kg) 61.74+8.64 61.71£12.66 -0.011° 0.991
BMI (kg/m?) 24.97+3.65 25.08+4.18 0.108° 0915
Educational attainment
llliteracy 12 (41.4) 13 (41.9) -0.328¢ 0.743
Primary school 11 (37.9) 14 (45.2)
Junior high school 4 (13.8) 2 (6.5)
High school (including secondary vocational school) I 3.4) 1 3.2)
College degree or above I 34) 1 (3.2)
Occupational status
Farmer 21 (72.4) 25 (80.6) 5.358° 0.084
Enterprises and public institutions I 3.4) 0 (0)
Individual business operator 0 (0) 309.7)
Retirement 7 (24.1) 3(9.7)
Marital status
Married 25 (86.2) 27 (87.1) 0.000* 1.000
Widowed 4 (13.8) 4 (12.9)
Type of medical expense payment
Medical insurance 8 (27.6) 4 (12.9)
New Rural Cooperative medical care 21 (72.4) 27 (87.1)
Monthly family income (“CNY)
<1000 10 (34.5) 10 (32.3) -0.137¢ 0.891
1000-3000 17 (58.6) 19 (61.3)
>3000 2 (6.9) 2 (6.5)
(Continued)
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Table 4 (Continued).

Characteristic Experimental Control Test P value
Group (n=29) | Group (n=31) | Statistics Z/t/y2
Surgical side
Left I (37.9) 15 (48.4) 0.667% 0414
Right 18 (62.1) 16 (51.6)
Past history
No Il (37.9) 14 (45.2) 5.636° 0.205
Hypertension 14 (48.3) 12 (38.7)
Diabetes 0 (0) 2 (6.5)
Hypertension, diabetes I 3.4) 309.7)
Others 3 (103) 0 (0)
Discharged caregiver
Spouse 9 (31.0) 14 (45.2) 2.381° 0.237
Children 20 (69.0) 16 (51.6)
Nanny or caregiver 0 (0) 1 (3.2)

Notes: *Chi-square test or Fisher’s exact test; "Two independent sample t-tests; “mann—Whitney U-test the Z value; “CNY=Chinese Yuan.

Table 5 Comparison of Outcome Indicators Between the Two Groups of Patients

Primary Outcomes

Experimental Group (n=29)
(xts)/ [M (P25-P75)]

Control Group (n=31)
(xts)/ [M (P25-P75)]

HSS
One day before surgery
One month after discharge
Secondary outcomes
ROM
One day before surgery
Seven days after surgery
One month after discharge
VAS
One day before surgery

Seven days after surgery

One month after discharge

51.88+5.87
62.61+4.16

72.86+16.63
63.63+10.47°
79.30 (70.85-83.80)°

8.00 (8.00-9.00)
5.00 (5.00-6.00)*
3.00 (3.00-3.00)*

54.74+8.49
55.83+5.38

80.10+21.86
53.38+15.21*
70.80 (59.70-78.10)

8.00 (7.00-9.00)
6.00 (5.00-6.00)
4.00 (4.00—4.00)*°

Notes: *Compared with that before the intervention in the same group P < 0.001; ®Compared with the interven-
tion of the same group for 7 days P < 0.001.
Abbreviations: HSS, Hospital for Special Surgery Knee Score; VAS, Visual Analogue Scale; ROM, Range of Motion.

that despite the quasi-experimental design, the two groups were largely comparable on both demographic and key clinical
variables at baseline.

Primary Outcomes

As shown in Table 5 and Figure 2, the comparison results of the knee joint function status of the two groups of patients
before and after the intervention showed that the score of the experimental group was higher than that of the control
group, and the difference was statistically significant (P<0.05).

Secondary Outcomes

Knee range of motion outcomes are presented in Table 5 and Figure 3. Generalized Estimating Equation analysis
revealed a significant Group-by-Time interaction (Waldy’ = 12.10, P = 0.002) and a main effect of Time (Waldy’ =
145.85, P < 0.001), but no main effect of Group (Waldy’ = 1.241, P = 0.265). This significant interaction indicates that

https:
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Figure 2 The scores of knee joint function before and after the intervention.
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Figure 3 Scores of knee joint range of motion before and after the intervention.

the trajectory of ROM change over the follow-up period differed between the two groups. To further explore this
interaction, pairwise comparisons were conducted at each time point. While no significant between-group difference was
observed at enrollment, the experimental group exhibited significantly higher ROM than the control group at both 7 days
and 1 month postoperatively (P < 0.05).
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Figure 4 Pain scores before and after the intervention.

As shown in Table 5 and Figure 4, VAS scores did not differ significantly between groups at enrollment. However, the
experimental group demonstrated significantly lower VAS scores than the control group at both 7 days and 1 month
postoperatively (P < 0.05). Generalized estimating equation analysis revealed a statistically significant effect of Group
(Waldy’ = 8.159, P = 0.004), indicating that pain scores differed based on the intervention received. A significant effect
of Time was also observed (Waldy’ = 1937.782, P < 0.001), signifying changes in pain scores over time within both
groups. Furthermore, the Group-by-Time interaction effect was significant (Waldy’ = 39.038, P < 0.001), indicating that
the pattern of change over time differed between the groups.

Discussion

In this study, we applied the KTA framework to guide the development and implementation of an evidence-based
postoperative functional exercise program for elderly patients undergoing TKA. Through interviews with patients and
healthcare professionals, we identified key challenges, including patient fear of pain, poor post-discharge adherence, and
staff constraints. Aligned with prior implementation studies, these findings highlight recurrent obstacles in evidence-
based rehabilitation.** ¢ Subsequently, we developed and implemented targeted strategies to address these specific
barriers: stakeholder co-design sessions were convened to tailor the intervention, focused training was delivered to staff,
and multidisciplinary follow-up was instituted to ensure continuity. The successful execution of this systematic, problem-
oriented implementation process was then evaluated. Our findings suggest that the resulting program was associated with
improved early recovery outcomes, including enhanced knee function, reduced pain intensity, and increased range of
motion.

A key strength of this implementation-focused approach is its adaptability to specific healthcare contexts, such as that
of China. While our program was developed by integrating international guidelines, the KTA framework guided its
tailoring to local realities. For instance, the emphasis on a multidisciplinary team (MDT) approach is a pragmatic solution
to the common constraint of limited, specialized rehabilitation staff in many Chinese hospitals; by integrating specialist
doctors, nurses, and available therapists into a coordinated workflow, our model optimizes existing human resources.
This MDT would then prescribe exercises in short, manageable sessions (3—5 times per day) rather than a single long
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session, a method better suited to the tolerance levels of elderly patients and easier to integrate into their daily routines.
Furthermore, the program’s strong focus on structured patient education and a detailed post-discharge plan is designed to
mitigate challenges such as high patient volume and the heavy reliance on family support for at-home recovery. For
example, patients and their caregivers were given access to a series of short instructional videos via WeChat, demon-
strating the correct form for each exercise. This approach empowers both patients and their families to manage
rehabilitation more independently. To ensure continuity and address issues promptly, a structured follow-up was
instituted, often involving a designated nurse conducting a weekly follow-up call or WeChat message exchange during
the first month post-discharge to monitor progress and answer questions. This is vital given the constraints on formal
outpatient follow-up services in many regions.

Clinically, our data reaffirm that targeted, early exercise initiation is a key component of successful TKA recovery.
The statistically significant group differences in HSS scores favor the experimental group, suggesting enhanced func-
tional recovery. These functional benefits likely signify improved joint stability and muscle strength.*’” This finding is
consistent with research reporting that intensive postoperative rehabilitation can enhance early performance and
mobility.*®

Consistent with previous research, our findings underscore the importance of early rehabilitation for optimizing knee
ROM, a key marker for long-term recovery.**>° A pivotal finding was the significant Group-by-Time interaction for
ROM, which, in the absence of a main group effect, suggests the intervention’s primary influence was on the trajectory of
early recovery. This was evidenced by superior outcomes at 7 days and 1 month. While the lack of a main effect may be
due to both groups approaching a similar functional plateau, these accelerated early gains may hold clinical promise for
facilitating earlier mobilization and mitigating complication risks. A systematic review and meta-analysis found that
patient education interventions, particularly those incorporating information technology devices, significantly enhance
postoperative ROM and pain management in TKA patients.”’ This convergence with technology-supported education
studies further validates combining structured exercises with patient-centered learning tools.

Beyond mobility, effective pain management is a cornerstone of early recovery, as uncontrolled postoperative pain is
a well-established barrier to mobilization and functional gains.”?> Our multimodal pain strategy—pharmacologic analge-
sia, structured education, and psychological support—yielded significantly lower VAS scores at days 7 and 30. This
agrees with Jin et al,>®> who found that combining pain relief with motivational techniques enhances recovery. Thus,
integrating pharmacologic and psychosocial interventions may help in overcoming pain-related barriers. By incorporating
psychological support, our program likely not only reduced pain perception but also eased anxiety, thereby enhancing
patient engagement. This underscores the value of a biopsychosocial approach, recognizing that emotional well-being is
intrinsically linked to functional recovery, particularly in the post-TKA population where psychological factors like
anxiety can hinder progress.”>>> Consequently, our study supports integrating pain management and engagement
strategies into rehab protocols to maximize outcomes.

Clinicians should prioritize early mobilization—initiating targeted exercises within days of surgery—alongside
comprehensive pain and psychosocial support to promote adherence and support early recovery. Emphasizing patient
education and scheduled follow-up visits helps maintain exercise compliance and address individual challenges. While
patient responses vary, the structured, patient-centered framework presented here offers a practical and scalable model for
routine TKA rehabilitation. Future work could leverage data-driven methods, such as machine learning, to prospectively
identify patients at high risk for poor recovery.’® Another promising direction involves integrating such predictive
modeling with molecular-level patient data®’ and complementary physiological interventions (eg, targeted nutritional
support)*® to develop highly precise, multimodal rehabilitation pathways.

Limitations

This single-center, quasi-experimental study used ward-based allocation, introducing potential selection bias and
a clustered data structure; although baseline characteristics were comparable, unmeasured confounding (eg, variation
in nursing care) cannot be excluded. The initial sample size did not account for intracluster correlation, likely inflating
power and limiting precision for smaller effects; findings should therefore be interpreted as associative and preliminary
rather than causal. Outcomes were restricted to early postoperative recovery, precluding conclusions about medium- or
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long-term trajectories, durability of benefit, or full functional reintegration. Qualitative insights were self-reported by
patients and staff and may be affected by recall and social desirability biases, potentially underdetecting latent
implementation barriers. Despite these limitations, the KTA-guided, evidence-based exercise programme showed feasi-
bility and clinically meaningful signals in pain control, range of motion, and function. Future multicentre, cluster-
randomised trials with ICC-adjusted sample sizes, extended follow-up and cost-effectiveness analyses—alongside tele-
rehabilitation and data-driven risk stratification—are needed to confirm effectiveness, generalisability, and sustainability.
Ultimately, systematic evidence translation strategies, such as those employed here, are vital to advancing the quality and
effectiveness of orthopedic rehabilitation practice.

Conclusions

This study systematically integrates the rehabilitation evidence after TKA in the past 10 years and constructs an
evidence-based practice program covering organizational management, resource coordination, personalized exercise,
health education and continuous care. The application of this structured program was associated with preliminary
improvements in patients’ knee joint function and range of motion, and suggested a reduction in postoperative pain. It
is important to note that these outcomes were measured only up to one month postoperatively, and therefore do not
capture potential medium- or long-term effects on recovery or quality of life. Consequently, while the program provides
a practical and operational framework for clinical transformation, the findings on its efficacy should be considered
exploratory. This work offers a promising basis for optimizing TKA rehabilitation, warranting further investigation
through larger, controlled trials with extended follow-up periods.
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