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Abstract.
BACKGROUND: The Stepped Care Model (SCM) is an evidence-based treatment approach that tailors treatment intensity
based on patients’ health status, aiming to achieve the most positive treatment outcomes with the least intensive and cost-effective
interventions. Currently, the effectiveness of the Stepped Care Model in postoperative rehabilitation for TKA (Total Knee
Arthroplasty) patients has not been reported.
OBJECTIVE: The present study aimed to investigate whether the stepped care model could improve early-stage self-report
quality of life and knee function after total knee arthroplasty via a prospective randomized controlled design.
METHODS: It was a mono-center, parallel-group, open-label, prospective randomized controlled study. Patients who aging
from 60–75 years old as well as underwent unilateral primary total knee arthroplasty due to end-stage knee osteoarthritis between
2020.06 to 2022.02 were enrolled. Participants were randomized and arranged into two groups in a 1:1 allocation. The control
group was given traditional rehabilitation guidance, while the stepped care model group was given continued stepped care.
Hospital for special surgery knee score, daily living ability (ADL), knee flexion range, and adverse events at 1, 3, and 6 months
after total knee arthroplasty were recorded.
RESULTS: 88 patients proceeded to the final analysis. There was no significant difference of age, gender, length of stay, BMI,
and educational level between the two groups at the baseline. After specific stepped care model interventions, patients showed
significant improvements in HHS in 1 month (85.00 (82.25, 86.00) vs. 80.00 (75.00, 83.00), p < 0.001), 3 months (88.00
(86.00, 92.00) vs. 83.00 (76.75, 85.00), p < 0.001), and 6 months (93.00 (90.25, 98.00) vs. 88.00 (84.25, 91.75), p < 0.001)
when compared with the control group. Similar results were also found in both daily living ability and knee flexion angle
measurements. No adverse event was observed during the follow-up.
CONCLUSION: The present study found that the stepped care model intervention significantly improved early-stage knee
function and self-reported life quality after total knee arthroplasty due to knee osteoarthritis. Female patients and those less than
70 years old benefit more from the stepped care model intervention after total knee arthroplasty.
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1. Introduction

Total knee arthroplasty (TKA) stands as the most efficacious remedy for end-stage knee osteoarthritis, a
condition witnessing a surge in incidence alongside the global aging demographic [1]. In the United States
alone, approximately 680,000 TKAs are performed annually, with projections estimating a rise to 3.48
million procedures by 2030 [2,3]. However, akin to the heterogeneous disease progression and long-term
prognosis of knee osteoarthritis, patient-specific factors closely influence the outcome of TKA [4,5,6].
Consequently, patient-reported satisfaction post-TKA lags behind other elective joint surgeries, such
as total hip arthroplasty. Even after ruling out peri-prosthetic infection and implant-related issues like
malalignment or oversizing, around 10% of patients endure persistent knee pain and restricted range of
motion due to unspecified causes [7,8]. It has been hypothesized that insufficient functional exercise,
weak muscle strength, cognitive impairment, or psychological disorders may underlie the dissatisfaction
experienced by these patients post-TKA [9]. Although a definitive standard therapy remains elusive,
studies suggest that preoperative and postoperative physical therapy education provided by dedicated
rehabilitation teams could mitigate the time taken to achieve functional milestones and reduce the risk of
unfavorable outcomes following TKA [10,11].

The stepped Care Model (SCM) is an evidence-based treatment model to take different intensities of
treatment in different stages according to the health status of patients in order to achieve the most positive
treatment effect by providing the lowest intensity, cost-effective intervention [12]. Briefly, SCM starts
with low-intensity treatment, and if patients do not achieve the desired treatment effect after each stage
of intervention, a higher level of intensity intervention would carry out. SCM is mostly used in foreign
primary care systems, focusing on behavioral health and psychological problems, such as depression,
anxiety disorders, eating disorders, drug abuse, musculoskeletal pain, and somatoform disorders [13,14,
15,16]. At present, the efficiency of SCM on postoperative rehabilitation in TKA patients has not yet been
reported. Consequently, the present study aimed to investigate whether SCM could improve early-stage
self-report quality of life and knee function after total knee arthroplasty via a prospective randomized
controlled design.

2. Materials and methods

2.1. Study design

This mono-center, parallel-group, open-label, prospective randomized controlled study was conducted
in the department of Orthopaedic, Guangdong Provincial Peoples’ Hospital, Southern Medical University.
Our research was carried out following the ethical guidelines outlined in the Declaration of Helsinki and
received approval from our hospital’s institutional review board (KY2020-643-01). Consent forms were
duly signed by all participants, and the study has been registered with the Chinese Clinical Trial Registry
Center.

2.2. Inclusion and exclusion criteria

Patients who aging from 60–75 years old as well as underwent unilateral primary total knee arthroplasty
due to end-stage knee osteoarthritis in our department between 2020.06 to 2022.02 were enrolled in
the present study. We excluded patients who: (1) with severe collateral ligament impairment or bone
defect which needed constrained implants, metal augments, or rods. (2) with a previous history of
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Fig. 1. 92 patients were randomly divided into two groups: control group (n = 46) and SCM group (n = 46). Four patients
exited during the study.

surgery, trauma, neuromuscular diseases, extra-articular deformity, or infection in the operated lower
limb. (3) with cognition impairment. (4) were pregnant or lactating. (5) were unwilling to participate.
During the follow-up, patients fulfilling the following criteria were also excluded: (1) diagnosed with the
postoperative periprosthetic joint infection, periprosthetic fracture, or venous thromboembolism. (2) lost
to follow-up. (3) demanded to withdraw from the study. (4) readmission for other diseases.

2.3. Randomization and SCM intervention

After giving consent, eligible participants were randomized and arranged into two groups in a 1:1
allocation. Trained outcome assessors and data collectors were blinded to group allocation throughout
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the study. The control group was given traditional rehabilitation guidance [17], while the SCM group
was given continued stepped care (Fig. 1). Details of our SCM rehabilitation protocol for patients who
underwent TKA were shown in Table 2. Firstly, rehabilitation protocols and stage goals regarding different
postoperative periods were set. Our trained staff contacted patients in the SCM group at each time point
of stage goal evaluation via telephone follow-up or on-site consultation. SCM interventions are needed if
patients were unable to fulfill any stage of rehabilitation goals.

2.4. Outcome measures

The primary outcome is the Hospital for Special Surgery Knee Score (HSS) at 30 days post-operation,
which was assessed by blinded assessors during a face-to-face assessment at the clinic visit. Secondary
outcomes include HSS at 3 and 6 months after TKA, daily living ability (ADL) and knee flexion range
at 1, 3, and 6 months after TKA, as well as adverse complications including periprosthetic fracture,
periprosthetic joint infection, and deep vein thrombosis, etc. Post hoc subgroup analysis was conducted
regarding patients’ age, gender, and education.

2.5. Sample size

An observational study conducted in China reported that the 6-month HSS score in the SCM group
and control group were 79.54 ± 4.27 and 85.21 ± 6.35, respectively [17]. Using G Power 3.1 software,
with the effect size setting as 1.047 (α = 0.01, 1 −β = 0.95), the estimated sample size was 70. The final
number of participants was set as 88 regarding the 20% drop-out rate.

2.6. Statistical analysis

Mean ± standard deviation or median with interquartile range were used to represent continuous
data. Percentages (count) were employed for presenting categorical data Demographic data and clinical
outcomes were summarized and compared using bivariate tests (student T test, Mann–Whitney U, χ2, or
Fisher’s exact tests). A p-value of< 0.05 was considered to be significant. SPSS 20.0 (SPSS Headquarters,
Chicago, IL, USA) and SAS 9.4 (SAS Institute Cary, NC, USA) were used to carry out the statistical
analysis.

3. Results

3.1. Demographic data

As depicted in Fig. 1, the present study included a total of 92 eligible patients, with an equal distribution
of 46 patients in each group At the end of the 6 months follow-up of the last participants, 4 patients were
exited, two were lost to follow-up, one for postoperative delirium and another one was due to wound
unhealing. 88 patients (10 males and 78 females) proceeded to the final analysis. There were no notable
distinctions observed in terms of age, gender, duration of stay, BMI, and educational attainment between
the two groups (Table 1). In the first week after TKA, baseline clinical outcomes including ADL, HHS,
and knee flexion angle were comparable between the control and SCM groups. In the SCM group, all the
patients fulfilled the stage goal 1 after the functional training. But 21 and 9 patients were unable to reach
the requirements of stage goals 2 and 3, respectively. Consequently, stage-specific SCM interventions
(Table 2) were initiated in those patients.
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Table 1
Demographic data and baseline clinical outcomes

Items SCM group (n = 44) Control ggroup (n = 44) P value
Age (years), mean (SD) 66.7 ± 6.1 68.1 ± 7.2 0.330
Gender (male), N (%) 4 (9.1%) 6 (13.6%) 0.739
Educational level, N (%) 0.590
Primary school 32 (72.7%) 27 (61.4%)
Junior high school 7 (15.9%) 8 (18.2%)
Senior high school 4 (9.1%) 6 (13.6%)
College 1 (2.3%) 3 (6.9%)
BMI (kg/m2), mean (SD) 26.04 ± 3.105 25.39 ± 3.068 0.320
Length of stay (days), mean (SD) 5.93 ± 2.731 5.50 ± 2.074 0.406
ADL, median (quartile) 65.00 (60.00, 73.75) 67.50 (61.25, 75.00) 0.644
HSS score, median (quartile) 67.00 (56.25, 68.00) 67.00 (60.00, 67.00) 0.689
Knee flexion (◦), median (quartile) 95.50 (87.50, 98.00) 95.00 (90.00, 97.88) 0.634

Table 2
Details of our stepped care model for patients underwent total knee arthroplasty

Stage I (1–2 weeks post-operation) Stage II (2–4 weeks
post-operation)

Stage III (4–8 weeks
post-operation)

Functional
training

a) Active knee flexion
b) Squats training
c) Bow stance training Note: 3 sets

of 20 repeats for each training

Stage I +
a) Level walking training

Stage II +
a) Stair climbing training

Rehabilitation
goals

a) Self-reported improvement of
pain and swelling

b) Movement from bed to chair
with aids

a) Walking without aids
b) Low intensity daily activities

a) Stair activity
b) One-leg standing

Interventions
(if needed)

a) Rehabilitation physicians-guided
functional training as well as
consultations via virtual meeting

b) Encouragement of family mem-
bers’ participants

a) Encouragement of outpatient
visit to the orthopedic surgeon
for further examination

b) Rehabilitation physicians-
guided functional training in
the clinic

a) Rehabilitation physicians-
guided functional training
in the clinic

b) Transfer to the psycholog-
ical clinic if needed

3.2. Clinical outcomes

After specific SCM interventions, patients showed significant improvements in HHS in 1 month (85.00
(82.25, 86.00) vs. 80.00 (75.00, 83.00), p < 0.001), 3 months (88.00 (86.00, 92.00) vs. 83.00 (76.75,
85.00), p < 0.001), and 6 months (93.00 (90.25, 98.00) vs. 88.00 (84.25, 91.75), p < 0.001) when
compared with the control group. As shown in Fig. 2, similar results were also found in both ADL and
knee flexion angle measurements. No adverse event was observed during the follow-up.

As for post Hoc analysis, female and younger patients trended to be benefited more from the SCM
interventions. Illustrated by Fig. 3, there were significantly higher one-month HHS score in the female
patients (p < 0.05) and higher three-month HHS score in patients < 70 years old (p < 0.05).

4. Discussion

In the present study, we found that the SCM intervention significantly improved the early-stage knee
function and self-reported life quality after TKA due to knee osteoarthritis, when compared with the
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Fig. 2. ADL, HSS and knee flexion in patients between SCM group and Control group. Segments with significant statistical
differences (*: P < 0.05) between the groups were marked with asterisks.

Fig. 3. Post Hoc analysis in patients after SCM. Error bars denote the standard deviation of each group. Segments with significant
statistical differences (*: P < 0.05) between the groups were marked with asterisks.

traditional rehabilitation guidance group. In the meanwhile, no adverse event was observed during the
follow-up. Besides, our study also suggested that the SCM intervention is more effective in female patients
and those less than 70 years old. Although the application of SCM in postoperative TKA rehabilitation has
not yet been reported previously, our results were consistent with another study that focus on postoperative
recovery in gynecological patients [18].

Although early postoperative rehabilitation exercise for TKA patients has been widely accepted, the
optimal postoperative rehabilitation protocol doesn’t reach a consensus [19]. Under the background
of fast-track surgery, the length of hospital stay for TKA patients has been decreased to 5.5 days in
Australia and 6.6 days in the UK, which however led to insufficient in-hospital rehabilitation and patient
education [20]. Patients encounter many problems during postoperative functional exercises, such as
exercise-induced pain and fatigue, lack of understanding of exercise intensity, fear of exercise-related
injury, and depression due to delayed function recovery [21]. There are also certain risks due to excessive
exercise, such as wound dehiscence and falls, which indicates the requirement of professional guidance
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and assistance from healthcare providers after discharge.
Throughout the SCM, it is important to inform patients and service providers of the steps and progress

and ensure that patients are actively involved in care and treatment options and decisions [22]. Conse-
quently, SCM provides patients with a more comfortable care experience, and appropriate functional
recovery expectation also gives patients confidence during the rehabilitation [23]. As the prognosis of
TKA is closely related to patients’ psychological factors (such as trait anxiety) and functional exer-
cises [24], we suggested that the timely and effective communication between the patients and our SCM
team is one of the reasons for better recovery than the control group.

SCM provides interventions ranging from low intensity to high intensity for different stages of different
patients [25]. These interventions combine individual, social, and structural psychological health factors,
which can provide appropriate and accurate services according to individual needs change over time [26].
In our study, SCM provided specific rehabilitation advice according to patients’ feedback at each visit,
and the detailed instruments in our study were partially referred to the Enhanced Recovery After Surgery
Society recommendations for total joint replacement [27]. Compared to the control group, humanistic
care is emphasized in addition to functional rehabilitation in the SCM group, which allows patients to
recover both physically and mentally.

We acknowledge the limitations of our study, including the restricted sample size. Therefore, it is
imperative to conduct a more extensive, multi-center, and long-term investigation in order to reinforce the
validity of our findings. Besides, the bias of self-reported knee function and life quality is inevitable due
to the varied pain thresholds and different educational levels of the participants. Lastly, image data such
as CT/MRI were not evaluated in the present study.

5. Conclusion

The present study found that the SCM intervention significantly improved the early-stage knee function
and self-reported life quality after TKA due to knee osteoarthritis when compared with the traditional
rehabilitation guidance group. Female patients and those less than 70 years old benefit more from the
SCM intervention after TKA.
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