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Interaction between functional 
capability and sleep quality 
at midterm after total knee 
arthroplasty: a Japanese 
retrospective cohort study
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No report has clarified the frequency and interacting factors affecting sleep disturbance among Asian 
patients at midterm after total knee arthroplasty (TKA). This study aimed to evaluate the frequency 
of sleep disturbance at midterm after TKA in a Japanese cohort and to identify intervening factors for 
sleep. We hypothesized that residual knee pain and decreased functional capability negatively interact 
with sleep quality after TKA. A total of 209 Japanese participants (average age: 77.1 ± 8.3 years; 
postoperative follow-up period: 4.5 ± 1.9 years) who underwent primary TKA for knee osteoarthritis 
were included in this study. Sleep quality, satisfaction, pain, functional capability, joint awareness, 
and mental condition were evaluated using the Pittsburgh Sleep Quality Index (PSQI), Knee Society 
Score (KSS) 2011, Forgotten Joint Score (FJS)-12, and 12-Item Short-Form Health Survey (SF-
12) Mental Component Summary (MCS). Multivariable analysis was performed to determine the 
influencing factors on PSQI. The scores for the PSQI, satisfaction with pain level while lying in bed, 
pain during level walking, functional activity category in the KSS 2011, awareness of the artificial 
joint in bed at night in the FJS-12, and SF-12 MCS were 6.7 ± 3.0, 5.8 ± 1.8, 1.6 ± 2.3, 62 ± 22, 1.5 ± 1.4, 
and 56 ± 9.3 on average, respectively. Sleep disturbance (PSQI ≥ 5.5) occurred in 54% of the Japanese 
participants. Multivariable analysis revealed that high functional capability was a significant factor 
associated with sleep quality improvement (p < 0.05). Decreased functional capability, not residual 
knee pain, negatively interacted with sleep quality. The sleep disturbance rate was high during the 
middle postoperative period after TKA in the Japanese cohort.

Osteoarthritis (OA) is a common chronic condition that presents with pain and dysfunction1. Symptomatic 
knee OA occurs in 10% and 13% of men and women aged ≥ 60 years, respectively2, and these rates are likely to 
increase as a result of the obesity epidemic and population aging worldwide. In Japan, more than ten million 
people have been estimated to suffer from knee OA3.

Sleep disturbance is common among adults, particularly in the Japanese cohort4, and seriously affects the 
quality of life (QOL), which is worsened by OA5. Sleep disturbances in Japan can be attributed to a combination of 
cultural, societal, and lifestyle factors (e.g., long working hours, noise and light pollution in urban areas, chronic 
stress due to competitive education system and job market, and lifestyle habits from a young age)6,7. In 2019, the 
Organization for Economic Co-operation and Development reported that, among 33 countries, Japan had the 
shortest sleep duration (7 h, 22 min), which was 1 h shorter than the average time. Furthermore, approximately 
30–80% of patients with knee OA have been reported to suffer from insomnia8. Knee OA-related insomnia could 
be linked to both greater pain and decreased physical function. Central pain modulatory processes are increas-
ingly recognized as a possible underlying mechanism linking disturbed sleep and pain9.
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Total knee arthroplasty (TKA) is considered an effective treatment for patients with knee OA, providing pain 
relief, improving the gait, and restoring the activities of daily living10–14. Several previous prospective studies 
from Western countries have investigated sleep disturbance before and after TKA15–23. In particular, one previous 
study revealed that insomnia occurred in approximately 50% of patients in the short term after TKA and was 
associated with knee pain19. Nonetheless, only few studies have examined the frequency of sleep disturbance in 
Asian cohorts after TKA or investigated the intervening factors during the middle postoperative period.

Therefore, the present study primarily aimed to evaluate the frequency of sleep disturbance at midterm after 
TKA in a Japanese cohort and to identify intervening factors for sleep, including knee pain and functional capa-
bility. We hypothesized that elevated sleep quality can be expected following a reduction in knee pain at midterm 
after TKA and that both knee pain and functional capability affect sleep quality even after TKA.

Materials and methods
Patients
This retrospective cohort study was conducted in accordance with the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) statement24 and was approved by institutional review board (IRB) 
of Kyushu University (approval no.: 2020-425). Written informed consent was obtained from the patients for 
their participation in this IRB-approved study. The data were handled while adhering to the ethical standards 
laid down in the Declaration of Helsinki.

A total of 500 patients who underwent primary TKA for knee OA at a single university hospital between 
April 2013 and August 2019 were recruited for this study. The inclusion criteria was as follows: (1) primary TKA 
performed with a parapatellar approach, (2) more than 18 months follow-up before the study. The sex ratio of the 
500 patients recruited for this study was 15% and 85% for male and female, respectively. Out of these patients, 
228 who underwent 281 TKAs responded to self-administered questionnaires. Worse Knee Society Score (KSS) 
2011 was selected in patients who underwent bilateral TKA. Finally, 209 Japanese participants (35 males (17%), 
168 females (80%), and 6 anonymous patients; mean age at the time of follow-up: 77.1 ± 8.3 years; mean body 
mass index [BMI]: 26 ± 4.2 kg/cm2) who provided with sufficient responses were included in this study. The mean 
follow-up period was 4.5 ± 1.9 years. Out of these 209 patients, 69 (33%) regularly took sleeping pills prescribed 
for sleep disturbance by a family doctor after the TKA.

Surgical techniques
All TKAs were performed using the parapatellar approach, with a uniform protocol for postoperative 
rehabilitation25–27. The distal femoral cutting block was aligned using an intramedullary guide, whereas the 
proximal tibial cutting block was aligned using an extramedullary guide. The tibial resection surface was perpen-
dicular to the predicted postoperative tibial mechanical axis, which was a line drawn from the center of the talar 
dome to the center of the resection surface. The rotational alignment was adjusted to the surgical epicondylar 
axis for the femoral component and to the medial third of the tibial tuberosity at the level of the patellar tendon 
attachment for the tibial component.

Questionnaires
The Pittsburgh Sleep Quality Index (PSQI) is a multidisciplinary and internationally used 7-item questionnaire 
for the evaluation of sleep quality and disturbance28,29. Each item is scored on a scale from 0–3 summed up, and 
the maximum possible PSQI score is 21 points, with higher scores indicating worse outcomes and with sleep 
disturbance being defined using a cut-off value of > 5.5 points. High reproducibility and validity have been 
reported for the Japanese version of the PSQI (PSQI-J)30. A cut-off value of 5.5 points for sleep disturbance in 
the PSQI-J was used based on a previous validation study30.

Disease-specific patient-reported outcomes after TKA were assessed using the KSS 201131–33. The subjective 
component of the KSS 2011 evaluates the patients’ symptoms, satisfaction, expectations, and functional activities, 
with a maximum possible score of 25 for “symptoms” (including 10 for pain during level walking), 40 for “patient 
satisfaction” (including 8 for pain level while lying in bed), 15 for “patient expectations”, 100 for “functional 
activities”, and 30 for “walking and standing”.

The Forgotten Joint Score (FJS)-12 is a 12-item questionnaire for the assessment of joint awareness in daily 
life34–36. The answers to 12 items concerning the frequency of joint awareness (never, 0 point; almost never, 1 
point; seldom, 2 points; sometimes, 3 points; mostly, 4 points) are summed and converted into a 100-point 
scale, with higher scores indicating better outcomes. Question #1 pertains to awareness of the artificial joint in 
bed at night.

The 12-Item Short-Form Health Survey (SF-12) is a generic and well-established health-related QOL measure 
and consists of a subset of 12 items from the SF-36 scale37,38. Information from all 12 items is used to construct 
the Physical Component Summary, Mental Component Summary (MCS), and Role/Social Component Summary 
measures. In this study, mental QOL was evaluated using the SF-12 MCS.

Statistical analyses
Continuous data are expressed as means ± standard deviations. Statistical analyses were performed using R soft-
ware (The R Foundation for Statistical Computing, Vienna, Austria) and JMP Pro 15.1.0 (SAS Institute, Cary, 
North Carolina), with statistical significance set at a p-value of < 0.05. As the data were not missing completely 
at random, multiple imputation on the mice 3.13.0 package was applied with predictive mean matching35,39. A 
total of 100 imputed datasets were generated, and all missing values of other variables were imputed.

Welch’s t-test and the chi-squared test were used to compare patients with sleep disturbance (PSQI ≥ 5.5) and 
those without sleep disturbance (PSQI < 5.5)30. Power analyses indicated that, assuming a p-value of < 0.05 and a 
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standard deviation of 23, a sample size of 169 knees would provide a statistical power of 80% for the detection of 
10 points of functional activity category in the KSS 2011 among patients with and without sleep disturbance32. 
Spearman’s correlation was applied to examine the relationship between sleep quality (PSQI) and patient-reported 
outcomes (gait pain and functional activity category in the KSS 2011 as well as joint awareness in bed at night 
in the FJS-12). In order to determine the factors associated with the PSQI, multiple regression analyses with the 
stepwise variable entry method (adjusted R squared: 0.39) were performed using the following factors: patients’ 
demographics (age, sex, BMI, diagnosis, follow-up period, presence or absence of sleeping pill intake), satisfac-
tion with pain level while lying in bed, pain during level walking, and functional activity category in the KSS 
2011, awareness of the artificial joint in bed at night in the FJS-12, and SF-12 MCS.

Ethical committee approval
Each author certifies that their institution approved the human protocol for this investigation and that the 
investigation was conducted in accordance with ethical principles in research.

Results
The scores for the PSQI, pain during level walking, satisfaction with pain level while lying in bed, physical activ-
ity category in the KSS 2011, awareness of the artificial joint in bed at night in the FJS-12, and SF-12 MCS were 
6.7 ± 3.0, 1.6 ± 2.3, 5.8 ± 1.8, 62 ± 22, 1.5 ± 1.4, and 56 ± 9.3 on average, respectively (see Appendix Supplementary 
data S1). Sleep disturbance (PSQI ≥ 5.5) occurred in 54% (113/209) of the participants.

Scores for pain during level walking, functional activities and joint awareness in bed at night were significantly 
higher in participants reporting good sleep quality (Table 1). Patient groups with and without sleep disturbance 
showed no significant differences with respect to age, BMI, follow-up duration, satisfaction with pain level while 
lying in bed, and SF-12 MCS (p > 0.05). Joint awareness during sleep (p < 0.01, ρ = − 0.28) and functional capabil-
ity (p < 0.01, ρ = − 0.40) were significantly associated with better PSQI scores (Fig. 1). Pain when walking in the 
KSS 2011 showed no significant relationship with the PSQI (p > 0.05, ρ = 0.28). Multivariable analysis revealed 
that no sleeping pill intake, high functional capability, better mental QOL, and older age had a significant effect 
on sleep quality improvement (p < 0.05, Table 2). The normality of the residuals of the multiple regression model 
was confirmed (see Appendix Supplementary data S2).

Table 1.   Comparison of patient demographics and patient-reported outcomes between groups with and 
without sleep disturbance. Continuous data are expressed as mean ± standard deviation. Age, body mass index, 
follow-up duration, sleep satisfaction in the KSS 2011, and SF-12 MCS showed no significant differences. PSQI 
Pittsburgh sleep quality index, KSS 2011 knee society score 2011, FJS-12 forgotten joint score-12, SF-12 MCS 
12-item short-form health survey mental component summary.

PSQI ≥ 5.5 (N = 113) PSQI < 5.5 (N = 96) p-value

Male/female, N (%) 14 (12%)/99 (88%) 21 (22%)/75 (78%) 0.02

Sleeping pill intake, N (%) 58 (51%) 10 (10%)  < 0.01

Pain during level walking in the KSS 2011 (0–10) 2.1 ± 1.0 0.9 ± 1.7  < 0.01

Functional activity category in the KSS 2011 (0–100) 56 ± 22 69 ± 19  < 0.01

Joint awareness during sleep in the FJS-12 (0–5) 1.9 ± 1.4 1.1 ± 1.2  < 0.01

Figure 1.   Significant correlation between the PSQI and functional activities in the KSS 2011 (p < 0.05). PSQI 
Pittsburgh sleep quality index, KSS knee society score.
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Discussion
The present study yielded the following most important findings: (1) the incidence of sleep disturbance was 
54% at midterm after TKA in the Japanese cohort; (2) functional capability was a significant intervening factor 
associated with sleep quality; and (3) pain during level walking and joint awareness in bed at night were not 
identified as the reasons for sleep disturbance. These results suggest that functional capability bears an important 
relationship with sleep disturbance at midterm after TKA.

A Japanese epidemiological study conducted by Kim et al. reported an incidence of 30% for sleep disturbance4, 
and a meta-analysis showed an incidence of 17% for insomnia in Western patients who underwent total joint 
replacement18,20. After TKA, the incidence of insomnia was 1.8 times higher in Japanese patients even at midterm, 
as compared with that in the Japanese population-based cohort4. Furthermore, our study results indicated that 
sleep disturbance occurred in 54% of Japanese patients after TKA, which is a higher rate than those reported by 
previous studies in Western patients16–20,23. This is the first study to evaluate the frequency of sleep disturbance in 
Asian cohorts after TKA. The sleep quality was lower (6.7 vs. 2.123), the incidence of sleep disturbance was higher 
(54% vs. 14%23), and the rate of sleeping pill intake was higher (33% vs. 18%19) in this study than in previous 
reports19,23. The reason for these differences in this and previous studies could be not residual pain after TKA, 
but both reduced functional capability and physical activities.

In the present study, we particularly focused on intervening factors, especially residual knee pain and reduced 
functional capability after TKA. Then, functional capability was positively correlated with better sleep quality and 
was identified as one of the positive factors for sleep quality improvement. It is well recognized that physical activ-
ity results in better sleep quality, and a quick and efficient replenishment for the body request40,41. In Japan, 40% of 
elderly continue to perform physical activities for 30 min more than twice a week, which is not enough and action 
assignment [42,44]. Compared to healthy elderly patients, patients with OA exhibit decreased physical activity 
levels43. As reported by a previous study, 62% of patients with lower-extremity OA do not achieve the recom-
mended physical activity levels44. Even in patients with OA, moderate-intensity physical activity corresponding 
to 3–5.9 metabolic equivalents (METs) contributes to the extension of healthy life expectancy45. Previous studies 
reported that the objective activity level did not improve much after surgery in TKA patients and that physical 
activity decreased with age46. In this study, patients who reported functional capability after TKA showed lower 
scores than healthy Asian cohorts in their 80 s (62 vs. 74)47. Considering the harmful effects of sleep disorder 
in the elderly, a non-drug approach (e.g., proactive intervention) is required to increase their habitual physical 
activity levels and is a priority for elderly patients with insomnia. In this study, one third of patients regularly 
took sleeping pills even after TKA. Recently, digital patient engagement has been suggested as a strategy for 
increasing the physical activity levels among patients48. Bäcker et al. described that an app-based knee trainer 
was a promising tool for improving the functional outcomes after TKA, including the KSS function score49.

There are conflicting reports on the relationship between sleep quality and pain scores in arthroplasty 
patients15,16. Previous reports suggested that pain was the main cause of sleep disturbance50 and that poor sleep 
quality was reciprocally associated with increased pain perception51 and insufficient exercise4. This study showed 
that knee pain was restored at midterm after TKA; however, their activities of daily living and sleep quality were 
impaired.

In this study, better mental QOL and older age were associated factors for better sleep quality. A previous study 
reported that anxious, depressed, or pain-catastrophizing patients who underwent TKA had inferior preopera-
tive and postoperative pain and function52. Long et al. also reported that mental elements were factors affecting 
sleep quality19. Yoshiuchi et al. suggested 4000–5000 steps/day and/or 5–7.5 min/day for impaired mental and 
psychosocial health, including a depressed mood state53. Canfield et al. provided evidence that nonpharmacologic 
interventions, such as self-guided meditation, might aid in improving the sleep quality during the perioperative 
period22. Objectively measured age-related changes in sleep in a Japanese cohort indicated a longer sleep duration 
and equivalent sleep efficacy in those aged > 60 years54, which is consistent with our findings.

This study has some limitations. First, this study was a retrospective analysis, making it susceptible to potential 
bias. Second, unreturned questionnaire data of 54% of the Japanese participants impacted the sample size of 
this study. The low response rate and sex imbalance in the sample population would bias the results. Although 
this low rate was similar to that of previous studies32,35, a higher response rate with longer follow-up is needed. 
The study was limited by the small number of male subjects as the male-to female ratio was approximately 1:6. 
However, the Japanese Orthopaedic Association National Registry (JOANR) reported that 18% and 82% of 
males and females, respectively, undertook TKA in 202155, which is consistent with this study. Third, the physical 

Table 2.   Analysis of factors influencing the PSQI. PSQI Pittsburgh sleep quality index, KSS 2011 knee society 
score 2011, SF-12 MCS 12-item short-form health survey mental component summary, FJS-12 forgotten joint 
score-12, BMI body mass index. *Statistically significant (p < 0.05).

Factor p-value F-value Positive effect

Sleeping pills  < 0.0001* 12.5 No intake

Functional activity category in the KSS 2011  < 0.0001* 5.5 High score

SF-12 MCS 0.01* 1.9 High score

Age 0.02* 1.7 Older age

Joint awareness during sleep in the FJS-12 0.07 1.2

BMI 0.08 1.1
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activity or activity level were not objectively measured in this study. Although the measurement tools used in 
this study: patients-reported outcome measures (PROMs) cannot provide physical activity during daily living, 
higher functional capacity may56 or may not be57 related to increased engagement in physical activity. Further 
studies evaluating the effect of interventions are necessary to encourage daytime exercises. Finally, the minimum 
clinically important difference for each outcome (SF-12, Join awareness during sleep, physical activity) was not a 
priori stablished and interpreted for between groups comparisons (with vs without sleep disturbance). However, 
the results of multiple regression analyses are central to the conclusion of the present study.

Conclusions
This study investigated the sleep quality, incidence of sleep disturbance, and influencing factors at midterm after 
TKA in Japanese patients. In this study, the incidence of sleep disturbance was 54%, and functional capability 
was a significant positive factor interacting with sleep quality. Knee pain did not affect the sleep quality at mid-
term after TKA; in contrast, no sleeping pill intake, better mental QOL, and older age were positive factors for 
achieving improved sleep quality.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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