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Abstract

Background: Rehabilitation is an effective procedure for promoting functional recovery after simultaneous bilateral
total knee arthroplasty (TKA); however, it has been cited as a significant economic burden of medical care. We
hypothesized that preoperative factors, including age, sex, body mass index, living alone, the knee society function
score (KSS), the American society of anesthesiologists (ASA) class, hemoglobin (Hb), albumin level, mean range of
motion, and the Kellgren–Lawrence grade, would predict prolonged rehabilitation utilization.

Methods: In total, 191 patients undergoing simultaneous bilateral TKA in a single hospital were enrolled. The
successful compliance group included patients who completed their rehabilitation program and could return to
their residence within 3 weeks after surgery (n = 132), whereas the delayed group included the remaining patients
(n = 59). Logistic regression analysis was performed using preoperative factors. A prediction scoring system was
created using the regression coefficients from the logistic regression model.

Results: Logistic regression analysis revealed that age (β = − 0.0870; P < 0.01) and Hb (β = 0.34; P < 0.05) were
significantly associated with prolonged rehabilitation programs, whereas body mass index, living alone, KSS score,
and ASA class were not significantly associated with successful completion of rehabilitation programs; however,
these factors contributed to the prediction scoring formula, which was defined as follows:

Score ¼ 10 - 0:09� ageð Þ - 0:09� body mass indexð Þ - ð0:56� living alone ½alone : 1;
others : 0�Þ þ 0:03� KSS stairsð Þ þ 0:34� Hbð Þ - 1:1� ASA classð Þ:

The C-statistic for the scoring system was 0.748 (95% confidence interval, 0.672–0.824). The positive and negative
likelihood ratios were 2.228 (95% CI, 1.256–3.950) and 0.386 (95% CI, 0.263–0.566), respectively. These results showed
an increase of 15–20% and a decrease of 20–25% in the risk of prolonged rehabilitation. The optimal cutoff point
for balancing sensitivity and specificity was 3.5, with 66.6% sensitivity and 78.0% specificity.
(Continued on next page)
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Conclusions: Older age and lower preoperative Hb were significantly associated with prolonged rehabilitation
programs. We defined a new scoring formula using preoperative patient factors to predict prolonged rehabilitation
utilization in patients undergoing simultaneous bilateral TKA.

Keywords: Total knee arthroplasty, Rehabilitation, Length of hospital stay, Hemoglobin, Delayed discharge

Background
Total knee arthroplasty (TKA) is a reliable treatment for
damaged knee joints and provides excellent long-term
results regarding pain relief and functional restoration in
patients with osteoarthritis [1]. As knee osteoarthritis
has historically been considered an asymmetric disease
[2], contralateral knee osteoarthritis is common in pa-
tients with end-stage unilateral osteoarthritis who
undergo TKA [3]; therefore, simultaneous bilateral TKA
has been commonly performed [4]. Rehabilitation is an
effective procedure for promoting functional recovery;
however, the average annual rehabilitation cost per pa-
tient has increased recently [5].
A previous systematic review has reported on the risk factors

for prolonged hospital stay [6], and a few studies have reported
on the risk factors for increased duration of rehabilitation
utilization [5, 7]. Therefore, predicting the duration of rehabilita-
tion utilization among simultaneous bilateral TKA cases using a
preoperative scoring system will be beneficial.
This study aimed to determine the risk factors predict-

ing prolonged rehabilitation utilization after simultan-
eous bilateral TKA. In addition, we created a new
scoring system to predict the necessary duration of
physiotherapy after simultaneous bilateral TKA and eval-
uated the predictive ability of the model.

Methods
Description of population
This retrospective observational study was approved by
the Institutional Review Board of Yokohama City Univer-
sity (B190700017), and informed consent was obtained
from all patients. Inclusion criteria for the current study
included patients whose knees were treated with consecu-
tive, simultaneous bilateral TKA between January 2014
and December 2018 in a single hospital. In total, 212 pa-
tients met the inclusion criteria. We excluded 18 patients
with rheumatoid arthritis, seven patients who could not
participate in the rehabilitation program for reasons, such
as postoperative thrombus embolism, and three patients
with missing preoperative physical data. Finally, a total of
191 patients were enrolled in the study (Fig. 1). All pa-
tients were diagnosed with osteoarthritis.

Surgical interventions and postoperative treatments
Bilateral TKAs were performed sequentially by one team
comprising five experienced orthopedic surgeons.

General anesthesia with peripheral nerve block was used
for all patients, except for those who did not agree with
or could not undergo peripheral nerve block due to
complications. A lateral curved longitudinal skin incision
and midvastus approach was employed. Intra- and extra-
medullary techniques were used for placement of fem-
oral and tibial cutting guides, respectively. A modified
gap-balancing technique was employed. A tourniquet
was inflated before incision and deflated after cement
hardening. The Scorpio NRG® posterior-stabilized pros-
theses (Stryker Orthopedics, Mahwah, NJ, USA) were
used in all cases.
All patients, except those with anemia (hemoglobin

[Hb] < 11.0 g/dL), underwent two 400 mL autologous
blood collections prior to surgery. Postoperative autolo-
gous blood transfusion of 800 mL was performed within
3 days after surgery, independent of Hb levels. In pa-
tients with Hb level < 11 g/dL, we could not collect au-
tologous blood samples due to our hospital’s autologous
blood guidelines, and allogenic blood transfusion was
performed in patients with Hb level < 7.5 g/dL or those
who were expected to progress to anemia because of
postoperative bleeding.
Postoperative pain management comprised non-

steroidal anti-inflammatory drugs for internal use with
an additional acetaminophen infusion when required.
Rehabilitation was started on the day after surgery and
continued until discharge. Full weight-bearing was
allowed from the day after the surgery. Patients under-
went a stepwise program to achieve the ability to use a
wheelchair, followed by walking using a walker and T-
cane, depending on compliance. In our facility, the re-
habilitation goal was set within 3 weeks post-surgery fol-
lowing the clinical pathway. Generally, patients could
not be discharged on time if stable independent walking
with a T-cane and stepping up and down the stairs were
not achieved within 3 weeks postoperatively. Patients
were informed that a hospital transfer would be required
if rehabilitation programs needed more than 3 weeks.
Patients were discharged to their homes when they were
able to walk using a T-cane and step up and down the
stairs independently.

Data collection
Patient data, including age, sex, body mass index (BMI),
living alone, Knee Society function score (KSS) [8],
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American Society of Anesthesiologists (ASA) class, pre-
operative Hb levels (g/dL), serum albumin (Alb) level (g/
dL, measured 8 weeks prior to surgery before autologous
blood collection), mean range of motion (average of the
two sides), and mean Kellgren–Lawrence classification
(K–L grade, average of the two sides), were collected
from the hospital’s computer databases [9]. All parame-
ters were obtained from the medical records at the time
of preoperative outpatient examination and through pa-
tient interviews. The rehabilitation program utilization
was calculated as the duration from the date of oper-
ation to the date of discharge from the hospital to the
patient’s home. Patients who were transferred to other
hospitals due to delayed rehabilitation were analyzed
separately as transferred cases. Patients who could re-
turn to their residence within 3 weeks after surgery were
assigned to the compliance group (n = 132), whereas
those who could not and transferred patients were
assigned to the delayed group (n = 59).

Statistical analysis
Values are expressed as mean ± standard deviation (SD).
Compliance and delayed groups were defined as
dependent variables. Age, sex, BMI, living alone, KSS,
the ASA class, Hb levels, Alb levels, mean range of mo-
tion, and the K–L grade were defined as predictor vari-
ables. Normally distributed data were analyzed using a
non-paired t-test, whereas non-normally distributed data
were analyzed using the Mann–Whitney U test; the chi-
square test was used for between-group comparisons of
the preoperative parameters. Multivariate logistic regres-
sion analysis using a forward-backward stepwise selec-
tion method was performed to determine factors
influencing successful compliance or prolonged rehabili-
tation programs. Standardized regression coefficients (β)
and associated P-values were determined to assess statis-
tical significance. P-value < 0.05 was considered statisti-
cally significant. According to the methods of Sullivan
et al. [10] and Oba et al. [11], a prediction scoring

Fig. 1 Inclusion and exclusion criteria for the study participants
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formula was created using the multivariate logistic re-
gression model results. Steyerberg et al. reported that
stepwise selection with low alpha (P < 0.05) leads to a
relatively poor model performance in cases with small
samples [12]. Therefore, we created a prediction formula
using factors resulting from the regression analysis
(P < 0.20). Similarly, Zemek et al. selected variables
using factors with P < 0.20, which was considered to
have some correlation with the results [13].
Scores were calculated by adding the results of multi-

plications between each independent factor and its coef-
ficient β. To simplify the formula, up to three significant
digits of the coefficient β were used. Ten points were
added to the formula to make the score positive. C-
statistics and likelihood ratio were used to assess the
predictive ability of the model. Patients were stratified
according to their score, and the observed probability of
being in the compliance or delayed group was assessed.
All statistical analyses were performed using the JMP
12.2 software (SAS Institute Inc., Cary, NC, USA).

Results
The distribution of the required rehabilitation duration
is shown in Fig. 2. The range of duration of the compli-
ance and delayed groups was 12–21 and 22–29 days, re-
spectively (mean 18.5 and 23.6 days, respectively). The

mean duration of the delayed group excluded values
from 13 transferred cases.
Patients in the delayed group were significantly older,

used more walking aids, and had a higher ASA class as
well as lower Hb and Alb levels than those in the com-
pliance group. No significant differences between the
groups were observed in sex ratio, BMI, the incidence of
living alone, walking ability, stair-climbing ability, mean
range of motion, and mean K–L grade. The delayed
group included 13 transferred cases. Patients’ data are
summarized in Table 1. Table 2 shows the results of the
logistic regression analysis, which indicated that age (β =
− 0.0870; P = 0.0059) and Hb (β = 0.340; P = 0.0370) were
significantly associated with rehabilitation duration.
The prediction scoring formula was created as follows:

score = 10 – (0.09 × age) – (0.09 × BMI) – (0.56 × living
alone [alone: 1, others; 0]) + (0.03 × KSS stairs) + (0.34 ×
Hb) – (1.1 × ASA class). Table 3 shows the formula and
the observed probability of being in the compliance
group for scores of 0–7 points.
Figure 3 shows the receiver operating characteristic

curve of the scoring system. The area under the curve
(AUC) was 0.748 (95% confidence interval [CI], 0.672–
0.824). The optimal cutoff point for balancing sensitivity
and specificity was 3.5, with 66.6% sensitivity and 78.0%
specificity. Positive likelihood ratio was 2.228 (95% CI,

Fig. 2 Distribution of the required rehabilitation durations. Patients who required a rehabilitation duration of less than 21 days after surgery were
assigned to the compliance group. Patients with a required rehabilitation duration of over 21 days and transferred cases were assigned to the
delayed group
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1.256–3.950), and negative likelihood ratio was 0.386
(95% CI, 0.263–0.566).

Discussion
The main point of clinical relevance in this study is the
ability of preoperative factors to predict the likelihood of
prolonged rehabilitation after simultaneous bilateral
TKA. Based on our scoring formula, we predicted that
less than half of the patients with a preoperative score of

< 3 points would not complete the rehabilitation pro-
grams and would not be able to return to their
residence.
The role of rehabilitation programs is considered es-

sential as patients rapidly recover independent move-
ment and transfer capacities during this period; thus,
contributing to an early home discharge [7]. The mean
length of stay (LOS) after TKA procedures has gradually
decreased from 15 days to 5 days over the last few

Table 1 Summary of patient data

All patients (n = 191) Compliance group (n = 132) Delayed group (n = 59) P-value

Age, years

< 60 4 1

60–70 26 6

70–80 76 25

80–90 26 27

Average 74.2 77.9 < 0.001a

Female, % 83.3% 88.1% 0.393b

Body mass index, kg/m2

< 20 3 0

20–25 38 20

25–30 66 22

30–35 22 13

> 35 3 4

Average 27.1 27.7 0.706 c

Living alone, % 15.9% 27.1% 0.077b

Knee Society score

Walking 24.5 22.7 0.138 c

Stairs 27.1 23.2 0.061 c

Walking aids used 3.5 5.0 0.043 c

Total 48.1 41.6 0.057 c

ASA class

I 11 2

II 119 51

III 2 6

Average 1.93 2.07 0.009 c

Hemoglobin, g/dL 13.1 12.6 0.014a

Albumin, g/dL 4.4 4.3 0.018a

Mean range of motion

Extension 12.7 12.3 0.704 c

Flexion 113.4 114.5 0.964 c

Mean K–L grade 3.86 3.89 0.753 c

Length of stay (days, excluding transferred cases) 18.5 23.6 < 0.001 c

Transferred cases, number 0 13

Values are presented as mean. P-values were obtained using the Mann–Whitney U test or chi-square test
n number, ASA American society of anesthesiologists, K–L grade Kellgren–Lawrence classification
aNon-paired t-test
bchi-square test
cMann–Whitney U test
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decades in Europe and the United States [6]; however,
long-term hospitalization remains the norm in Japan
[14]. In Japan, LOS after TKA included rehabilitation
programs. The cutoff value was defined as 3 weeks in
this study. The first reason for this is that the Japanese
insurance system (diagnosis procedure combination
[DPC]) defined 22 days post-hospital admission as the
target to proceed with TKA. Thus, the Japanese insur-
ance system enforces the LOS goal within 3 weeks post-
TKA as the acceptable clinical pathway. Second, in the
early postoperative phase, the quadriceps strength is sig-
nificantly lower than the preoperative levels [15], and it
takes approximately 3 weeks to restore lower extremity
function to pre-surgery levels [16].
Older age was associated with decreased complication

functional scores (as represented by the KSS score) and
increased postoperative complication rates [17]. Blood
management has the most significant impact on LOS
after TKA, and correction of preoperative anemia with
iron and/or erythropoiesis-stimulating agents helps in
decreasing transfusion risk [18]. Hb level is a factor that
can be improved preoperatively. Therefore, it is import-
ant to inform the medical team that preoperative care of
anemia using drugs and/or daily life guidance might

reduce the required duration of rehabilitation postopera-
tively. In accordance with past findings, our study identi-
fied older age and low preoperative Hb levels as factors
with the strongest association with delayed achievement
of rehabilitation programs after simultaneous bilateral
TKA. In contrast, BMI, living alone, KSS score, and ASA
class were not significantly associated with the achieve-
ment of rehabilitation programs but contributed to the
prediction scoring formula.
There are no obvious clinical indicators of the dur-

ation of rehabilitation required for functional recovery
after simultaneous bilateral TKA. LOS following TKA
decreases yearly [6], and it varied among patients who
did not need a rehabilitation program after discharge.
Physiotherapy exercises following TKA have both short-
and long-term benefits for patients [19]. Because of lim-
ited medical resources, preoperative assessment of each
patient is required to estimate the rehabilitation period
needed for them to become independent and capable of
activities of daily living (ADL); such assessment may im-
prove the efficiency of rehabilitation programs. There-
fore, the identification of individual predictive factors
will benefit clinical decision-making. Quadriceps muscle
strength is an important determinant of physical

Table 2 Results of regression analysis

Variable Β P-
value

Odds
ratio

CI (95%)

Lower Upper

Age −0.0870 0.00590 1.09 1.03 1.16

BMI −0.0892 0.0565 1.09 0.998 1.20

Living alone −0.563 0.165 0.579 0.257 1.27

Knee Society score: stairs 0.0267 0.140 0.978 0.948231 1.01

Hemoglobin, g/dL 0.340 0.037 0.712 0.511493 0.971

ASA class −1.13 0.0724 3.09 0.964960 12.0

CI confidence interval, BMI body mass index, ASA American society of anesthesiologists

Table 3 Scoring formula and the observed probability of required rehabilitation duration

Scoring formula Outcomes

Factors Points Total
score

n Compliance
group

Delayed
group

Observed probability of required rehabilitation duration
conformance, %

+ 10 0–1 1 0 1 0.0%

Age, (years) ×
−0.09

1–2 9 2 7 22.2%

BMI ×
−0.09

2–3 40 20 20 50.0%

Living alone ×
−0.56

3–4 74 52 22 70.3%

KSS: stairs × 0.03 4–5 47 41 6 87.2%

Hemoglobin, g/
dL

× 0.34 5–6 13 11 2 84.6%

ASA class × −1.1 6–7 7 6 1 85.7%

n number, KSS knee society score, BMI body mass index

Takagawa et al. BMC Musculoskeletal Disorders          (2021) 22:368 Page 6 of 9



function after TKA [6]. Therefore, lower limb strength-
ening may be effective in achieving independence to
complete ADL earlier. Recently, Ueyama et al. [20] re-
ported that nutritional supplements rich in essential
amino acids prevent femoris muscle atrophy and postop-
eratively accelerate the time taken to recover ADL to
that of baseline level. If the preoperative prediction sys-
tem can identify patients with delayed recovery of ADL,
it may be possible to selectively and efficiently perform
interventions, such as nutritional supplementation.
Return to residence after surgery is associated with

multiple factors, including the patient’s social back-
ground, which may influence the achievement of re-
habilitation programs. Our study demonstrated a simple
method to calculate scores at the time of scheduling out-
patients for surgery. The prediction scoring system may
facilitate social services when early discharge is likely,
and adjustment when transfer to a rehabilitation hospital
is likely. For cases with lower scores under the 3.5-point
cutoff value, it is especially important to treat anemia
and inform patients and their families that it might take
longer to perform ADL independently.
The purpose of this investigation was to derive a pre-

diction model to identify patients at risk for prolonged
rehabilitation following simultaneous bilateral TKA. Fur-
ther investigation is required to validate the model and

more data must be added to refine the model. We re-
stricted this investigation to patients undergoing bilateral
TKA within the Japanese healthcare system. While post-
operative care varies among countries and regions, our
main findings in which age and low Hb predict longer
recovery are likely generalizable beyond these restric-
tions. We chose to construct the prediction formula
using factors with P < 0.20. In cases wherein only age
and Hb values were used (P < 0.05), the AUC was 0.697
(95% CI, 0.603–0.786). Hence, we included factors with
P < 0.20 for the construction of the prediction formula
to avoid a relatively poor model performance, which
may result from using only factors with P < 0.05. In
addition, we recognize that there may be other factors
that contribute to the prediction of postoperative out-
comes. Preoperative pain assessment was not included
in this study. Preoperative central sensitization was re-
cently identified as a significant risk factor for postopera-
tive persistent pain and dysfunction [21], leading to
prolonged duration of rehabilitation. Thus, preoperative
central sensitization might be a significant factor influ-
encing the scoring formula and is suggested for inclu-
sion in future investigations.
Several limitations of our study should be addressed.

First, the sample size in this study was relatively small.
Therefore, further studies with a larger sample size are

Fig. 3 Prediction of compliance with the target. The figure depicts the prediction of compliance with a target of less than 3 weeks duration of
required rehabilitation
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required to validate the reliability of our scoring system.
Second, we excluded patients with rheumatoid arthritis
and postoperative complications. Patients with rheuma-
toid arthritis tend to have a longer duration of
hospitalization and discharge to rehabilitation facilities
than patients with osteoarthritis, independent of adverse
events [22]. Third, the study population predominantly
comprised Japanese, and the results may not be
generalizable to other demographic groups. In other
countries, LOS following TKA is much shorter than that
in Japan. Furthermore, LOS was strongly influenced by
the patient’s expectation of when they could be dis-
charged home based on preoperative education pro-
grams [23]. Hence, additional investigations are needed
to validate the scoring system in other countries and dif-
ferent situations. Fourth, the a positive likelihood ratio
between 2 and 3 indicated an increase in probability by
15–20%, and a negative likelihood ratio between 0.3 and
0.4 indicated a decrease in probability by 20–25% [24].
These results did not show a significant increase and/or
decrease in the likelihood of predicting increased re-
habilitation duration. Fifth, age was the most influential
factor in this study; therefore, other risk factors might
not be fully identified. To create a more clinically useful
predictive formula, it might be useful to perform analysis
in a certain range of older age group. Therefore, to con-
struct a more accurate prediction formula, it is necessary
to collect and examine a larger number of cases and
additional information before applying these predictors
in actual clinical practice.

Conclusion
Older age and lower preoperative Hb were significantly
associated with prolonged rehabilitation programs. We
defined a new scoring formula using preoperative patient
factors to predict prolonged rehabilitation utilization in
patients undergoing simultaneous bilateral TKA. Further
studies are warranted to confirm the value of this scor-
ing system and improve its accuracy.
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