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Abstract
Introduction  The safety and benefits of single stage bilateral total knee arthroplasty (SSBTKA) among older patients as 
compared to unilateral TKA remains controversial. This study aimed to evaluate the influence of age and comorbidities on 
complications and early outcomes for unilateral and BTKA in patients over and under 70 years of age.
Materials and methods  This prospective study compared postoperative complications and early patient-reported outcomes 
at 6 weeks of 142 unilateral TKA patients (N = 75, ≤ 70; N = 67, > 70) and 89 SSBTKA patients (N = 48, ≤ 70; N = 41, > 70). 
Patients completed the KOOS JR and PROMIS Global Mental (GMH) and Global Physical Health (GPH) surveys. Knee 
Society Scores for Knee (KSS-K) and Function (KSS-F) were completed in the clinic. Parametric tests were performed for 
comparisons of unilateral and BTKA outcomes and complications for patients over and under 70.
Results  While patient demographics were similar, patients > 70 had more comorbidities than patients ≤ 70 (p < 0.004). There 
were no significant differences in postoperative complications or readmissions between age groups or procedures. Unilat-
eral TKA patients > 70 had significantly lower pre- (p < 0.001) and post-operative (p = 0.011) KSS-F scores compared to 
those ≤ 70. SSBTKA patients > 70 had significantly higher preoperative GMH (p = 0.029), postoperative KSS-K (p = 0.027), 
KOOS JR scores (p = 0.039) and satisfaction (p = 0.048) compared to those ≤ 70.
Conclusion  Age did not influence the risk of early postoperative complications. Additionally, the greater improvements in 
KOOS JR and higher patient satisfaction for SSBTKA patients > 70 suggests that SSBTKA may meet elderly patient expec-
tations and should not necessarily be discouraged due to safety concerns.
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Introduction

As the population ages, the need for total knee arthroplasty 
(TKA) will continue to increase [1]. Fortunately, TKA is a 
safe and effective procedure for decreasing symptoms asso-
ciated with osteoarthritis and improving quality of life [2–4]. 
For patients presenting with bilateral symptoms, however, 
the best treatment option remains unclear. Performing a 
SSBTKA can reduce overall hospital stay, reduce overall 

cost and involves only one anesthetic event compared to 
staged bilateral TKA [5–8]. Despite these advantages, many 
surgeons discourage patients from undergoing SSBTKA as 
previous research has reported higher complication rates 
compared to both unilateral and staged bilateral procedures 
[7, 9–15]. When offered, SSBTKA is often limited to a 
highly selective patient cohort [16].

Surgeons performing SSBTKA commonly select younger 
patients with few comorbidities. Careful selection of patients 
appropriate for SSBTKA is well supported as age and the 
number of comorbidities have been shown to be most pre-
dictive of major complications and mortality [16–18]. The 
influence of age and comorbidities has been reported to be 
more pronounced in patients suffering from bilateral osteo-
arthritis, as the functional deficits faced by these patients 
tend to increase the risk of specific comorbidities, such as 
cardiovascular and pulmonary conditions [16, 17]. These 
risk factors have further justified the exclusion of elderly 
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patients from undergoing SSBTKA, even when significant 
bilateral symptoms are present. Unfortunately, previous 
literature has included heterogeneous surgical approaches 
and patient management strategies [9, 19, 20], and many 
are unable to isolate the influence of age and comorbidities 
on postoperative complications. Understanding the influ-
ence of age and comorbidities on complications associated 
with SSBTKA will allow surgeons to choose the most safe 
and efficient treatment for patients with bilateral symptoms. 
Therefore, the primary objective of this study was to com-
pare the incidence of early complications following unilat-
eral and SSBTKA performed in patients younger and older 
than 70. Secondarily, this study (1) compared comorbidities 
of each group and the influence on complications and (2) 
evaluated early functional outcomes and patient satisfac-
tion between patients ≤ 70 and > 70 for both unilateral and 
SSBTKA.

Materials and methods

These data were prospectively collected as part of an ongo-
ing, institutional review board approved joint registry at the 
current study site between April 2019 and January 2021. 
Patients meeting the clinical and radiographic criteria for 
end-stage knee osteoarthritis and scheduled for surgery were 
consented to be a part of the registry. Patients having symp-
tomatic bilateral osteoarthritis were offered SSBTKA. The 
current study site does not exclude patients from considera-
tion of either unilateral TKA or SSBTKA based on demo-
graphic or comorbidity status. Patients were only excluded 
from any surgical consideration if they had an open or poorly 
healing wound, active osteomyelitis, systemic infection, bac-
teremia or sepsis currently under treatment. Patients with a 
history of osteomyelitis were required to be asymptomatic 
following cessation of antibiotic treatment for one year 
prior to surgery. Patients were excluded if they suffered a 
myocardial infarction, cerebrovascular accident or required 
any cardiovascular surgical procedure within three months 
prior to surgery. Patients were also excluded if they had any 
unstable cardiovascular or cardiopulmonary condition or had 
any active or uncontrolled chronic gastrointestinal bleed-
ing. Patients who required revascularization procedures of 
the lower extremities within three months of intended joint 
replacement were also excluded. The patient’s primary care 
physician performed standard preoperative medical clear-
ance for surgery, with specific medical concerns evaluated 
by medical specialists when required. All patients were 
screened by a core group of experienced anesthesiologists as 
part of the Perioperative Surgical Home initiative put forth 
by the American Society of Anesthesiologists (ASA) [21].

A single, fellowship-trained arthroplasty surgeon at a 
community hospital performed all clinical evaluations and 

surgeries. All TKAs were performed via medial parapa-
tellar approach under general anesthesia with an adductor 
canal regional nerve block. Blood management strategies 
included the use of a tourniquet and intravenous tranexamic 
acid prior to incision and before closure of the arthrotomy. 
Upon wound closure, each patient was given dexametha-
sone (4 mg) intravenously to control postoperative nausea. 
All SSBTKAs were performed by the same surgeon under a 
single anesthetic event. By established protocol, the left knee 
was performed first. Following wound closure and dressing 
application of the left knee, the right knee was prepared and 
performed using a separate sterile instrument set. The time 
required for preparation of the right knee and initial incision 
was approximately 30 min following dressing application 
of the left knee. Postoperative pain management included 
primarily acetaminophen with oral narcotics provided only 
upon patient request for breakthrough pain. Postoperative 
nausea was symptomatically treated with anti-emetics.

As part of the standard of care, all patients completed 
the knee disability and osteoarthritis outcome joint replace-
ment survey (KOOS JR) and the patient-reported outcomes 
measurement information system (PROMIS) Global Mental 
(GMH) and Global Physical health (GPH) which were col-
lected preoperatively and six weeks following surgery. The 
change in patient-reported outcome measures were calcu-
lated as the preoperative score subtracted from the postop-
erative score, with a positive number indicating an increase 
in health. If the patient was unwilling or unable to attend 
an in-person office visit due to the COVID-19 pandemic, 
a telehealth option was offered, and surveys were collected 
via phone.

In addition to patient-reported outcomes, collected data 
included a comprehensive list of comorbidities based on the 
Charlson Comorbidity Index (CCI). Comorbidities were 
collected by ICD-10 codes as well as manual chart review. 
These data were reported as the composite CCI score and 
the unweighted, total number of comorbidities for each age 
group and procedure. The assigned ASA was also collected 
and grouped by ≤ 2 and ≥ 3. Preoperative hemoglobin was 
used to classify anemia status based on the World Health 
Organization criteria, including less than 12 g/dL for females 
and 13 g/dL for males [22]. Pre- and post-operative clinical 
data were also collected, including the Knee Society Knee 
Score (KSS-K) and Function Score (KSS-F). Postoperative 
complications included any superficial or periprosthetic 
infection, systemic complications (deep vein thrombosis or 
pulmonary embolism; DVT or PE, respectively), emergency 
room visits and hospital readmissions within 90 days from 
surgery.

For data analysis, the average age of the patient cohort 
was approximately 70 years old, therefore, age was grouped 
by ≤ 70 and > 70. Descriptive statistics, including mean, 
standard deviation and frequency, were created for patient 
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demographics for each age group and procedure. Independ-
ent t-tests and Chi-square tests were performed to determine 
differences in patient specific variables between (1) age 
groups for unilateral and SSBTKA and (2) unilateral and 
SSBTKA by age group.

Results

Patient demographics

Overall, 231 patients were included in data analysis, with 
142 unilateral TKAs (N = 75, ≤ 70; N = 67, > 70) and 89 
SSBTKAs (N = 48, ≤ 70; N = 41, > 70). In the unilateral 
TKA group, patients > 70 had significantly lower body 
mass index (BMI) (p = 0.013), higher CCI (p = 0.003) and 

greater total number of comorbidities (p = 0.004) compared 
to patients ≤ 70 (Table 1). A significantly greater percent-
age of patients > 70 had undiagnosed preoperative anemia 
(p = 0.026) compared to patients ≤ 70, however, there was no 
difference in postoperative complications (Table 2). In the 
bilateral group, patients > 70 had a higher CCI (p < 0.001), 
greater total number of comorbidities (p < 0.001) and a 
greater percentage of patients with undiagnosed preoperative 
anemia (p = 0.049) compared to patients ≤ 70, however, there 
was no difference in postoperative complications. When 
comparing each procedure between age groups, there were 
no significant differences in patient demographics between 
unilateral and SSBTKA patients ≤ 70, however, amongst 
patients > 70, SSBTKA patients trended toward a slightly 
higher rate of readmissions (p = 0.068) and transfusions 
(p = 0.068) compared to unilateral TKA patients. Specific 

Table 1   Comparison of patient demographics for unilateral and single-staged bilateral patients between age groups—mean (SD)/freq (%)

Significant p values are shown in bold for easier identification
N number of patients, SD standard deviation, Freq frequency, CCI Charlson Comorbidity Index, ASA American Society of Anesthesiology
Pre-WHO anemia = Pre-operative hemoglobin; used to classify anemia status based on the World Health Organization criteria of < 12 g/dL for 
females and 13 g/dL for males

Unilateral Bilateral Uni vs Bilateral

 ≤ 70  > 70  ≤ 70  > 70  ≤ 70  > 70

N 75 67 p value 48 41 p value p value p value

Age 61.8 (7.5) 75.8 (4.1)  < 0.001 63.9 (5.5) 75.8 (4.3)  < 0.001 0.104 0.944
Body Mass Index 30.6 (5.3) 28.6 (5.1) 0.013 30.8 (5.7) 29.1 (4.2) 0.132 0.861 0.432
Gender (male) 34 (45.3%) 40 (59.7%) 0.061 16 (33.3%) 18 (43.9%) 0.211 0.128 0.081
CCI 1.64 (1.8) 2.67 (2.2) 0.003 1.35 (0.9) 2.83 (1.7)  < 0.001 0.308 0.697
No. of comorbidities 1.4 (1.4) 2.1 (1.5) 0.004 1.3 (0.8) 2.1 (1.0)  < 0.001 0.511 0.892
ASA > 2 35 (53.8%) 45 (68.2%) 0.120 28 (58.3%) 29 (70.7%) 0.160 0.518 0.478
Ethnicity 0.194 0.200 0.038 0.743
Asian 29 (38.7%) 38 (56.7%) 29 (60.4%) 25 (61.0%)
White 30 (40.0%) 19 (28.4%) 8 (16.7%) 12 (29.3%)
NH/PI 9 (12.0%) 5 (7.5%) 5 (10.4%) 3 (7.3%)
Other 7 (9.3%) 5 (7.5%) 6 (12.5%) 1 (2.4%)
Diabetes 30 (40.0%) 29 (43.3%) 0.411 21 (43.8%) 13 (31.7%) 0.172 0.411 0.16
Pre-WHO anemia 4 (6.0%) 12 (18.5%) 0.026 6 (12.8%) 12 (29.3%) 0.049 0.177 0.146

Table 2   Comparison of 
complications for unilateral and 
single-staged bilateral patients 
between age groups—freq (%)

Freq frequency

Unilateral Bilateral Uni vs Bilat-
eral

 ≤ 70  > 70 p value  ≤ 70  > 70 p value  ≤ 70  > 70

Transfusions 1 (1.3%) 1 (1.5%) 0.723 1 (2.1%) 4 (9.8%) 0.135 0.63 0.068
Emergency Room Visits 4 (5.3%) 3 (4.5%) 0.563 0 (0.0%) 2 (4.9%) 0.290 0.134 0.631
Readmission 3 (4.0%) 1 (1.5%) 0.354 3 (6.3%) 4 (9.8%) 0.411 0.435 0.068
Pulmonary Embolism 0 (0.0%) 0 (0.0%) – 2 (4.2%) 0 (0.0%) 0.288 0.150 –
Deep Vein Thrombosis 1 (1.3%) 0 (0.0%) 0.528 1 (2.1%) 1 (2.4%) 0.712 0.630 0.380
Wound Infection 0 (0.0%) 0 (0.0%) – 0 (0.0%) 0 (0.0%) – – –
Periprosthetic Infections 0 (0.0%) 0 (0.0%) – 0 (0.0%) 0 (0.0%) – – –
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reasons for readmission and emergency department visits 
are presented in Table 3.  

Individual comorbidities

The frequency for each component of the CCI is pre-
sented in Table 4. In the unilateral group, only hyperten-
sion occurred at a higher percentage in patients > 70 com-
pared to patients ≤ 70 (p = 0.012). In the SSBTKA group, 
patients > 70 had a higher percentage of cerebrovascular 
accidents or transient ischemic disease (p = 0.008), renal 
disease (p < 0.001) and all types of cancer (p = 0.025). When 
comparing each procedure between age groups, there was 
no significant difference in comorbidities between unilat-
eral and SSBTKA patients ≤ 70. Amongst patients > 70, only 
renal disease occurred more frequently in SSBTKA patients 
compared to unilateral TKA patients (p = 0.011).

Clinic and patient‑reported outcomes

Clinical and patient-reported outcomes are presented in 
Table 5. In the unilateral comparison, patients > 70 had 
significantly lower KSS-F both pre- (p < 0.001) and post-
operatively (p = 0.011) compared to patients ≤ 70. Patient-
reported outcomes (GPH and GMH) and the change in all 
measurements were not significantly different. In the bilat-
eral group, patients > 70 had significantly higher preop-
erative GMH (p = 0.029) and higher postoperative KSS-K 

(p = 0.027) and KOOS JR (p = 0.039) scores compared to 
patients ≤ 70. Although there was lower improvement in 
KSS-F (p = 0.004), patients > 70 had greater improvement in 
KOOS JR scores (p = 0.023) and greater patient satisfaction 
(p = 0.048) compared to patients ≤ 70. When comparing each 
procedure between age groups, patients ≤ 70 undergoing 
BTKA had lower preoperative KSS-F (p = 0.002) but greater 
improvement in KSS-F (p < 0.001) and GPH (p = 0.020) 
compared to unilateral TKA patients. Patients > 70 under-
going SSBTKA had higher postoperative KSS-K (p = 0.003) 
and greater patient satisfaction (p = 0.018) compared to uni-
lateral TKA patients.

Discussion

Single stage BTKA has been shown to be a safe and effective 
procedure; however, due to the perceived increased risk of 
postoperative complications [23–25], elderly patients may 
be discouraged from undergoing SSBTKA. Therefore, this 
study compared the incidence of early postoperative com-
plications for patients > 70 and ≤ 70, undergoing either 
unilateral or SSBTKA, to better understand the risk asso-
ciated with SSBTKA brought about by increased age and 
associated comorbidities. Based on the results of the current 
study, no significant difference was found in postoperative 
complications between age groups or procedure. However, 
in line with previous literature [7, 9–14], there potentially 

Table 3   Reasons for 
postoperative emergency room 
visits and readmissions within 
90-days

Procedure Age Primary reason

Emergency Room Visits
Unilateral 54 Headaches
Unilateral 61 Pain—Negative for Deep Vein Thrombosis
Unilateral 66 Transient Global Amnesia
Unilateral 68 Constipation
Unilateral 79 Knee Contusion from Fall
Unilateral 84 Bilateral Foot Pain
Unilateral 87 Shortness of Breath and Chest Pain
Bilateral 74 Acute Back Pain & Shoulder Impingement
Bilateral 74 Chronic Congestive Heart Failure

Readmissions
Unilateral 62 Cardiomyopathy, with Deep Vein Thrombosis
Unilateral 68 Pancreatic Cancer
Unilateral 70 Acute Cholecystitis with Septic Shock
Unilateral 84 Shortness of Breath; COVID Positive
Bilateral 50 Weakness and Fever—Gout Related
Bilateral 59 Anemia
Bilateral 59 Bilateral Pulmonary Emoblism
Bilateral 74 Upper Extremity Pain—Gout Related
Bilateral 77 Persistent Hypotension and Low Oxygen Saturation
Bilateral 80 Anemia and Mild Hypoxia
Bilateral 85 Traumatic Wound Dehiscence—No Infection
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was a slight increased rate of transfusions (p = 0.068) and 
readmissions (p = 0.068) for patients > 70 undergoing BTKA 
compared to unilateral TKA. Reasons for readmissions were 
implied to be unrelated to the arthroplasty per emergency 
physician and admitting hospitalist reports and indicated 
that these were more likely related to pre-existing condi-
tions. However, except for the single patient readmitted for 
upper extremity pain, all other causes for readmission may 
be related to the index BTKA. The failure to demonstrate 
statistical significance may reflect small group sizes and sur-
geons should still be wary of the trend toward significance 
demonstrated. As expected, CCI and the total number of 
comorbidities were significantly greater for patients > 70, 
with SSBTKA patients having a higher rate of renal and 
transient ischemic heart disease. Interestingly, these condi-
tions did not influence readmission rates, with only three 
patients with renal disease (one ≤ 70 and two > 70) and one 
patient with transient ischemic heart disease (≤ 70) being 
readmitted within 90 days post-arthroplasty.

Previous research has identified DVT and superficial 
infection as the most common postoperative complications 
occurring in elderly patients [26], with the incidence of DVT 
and PE increasing up to 80% following SSBTKA compared 

to unilateral TKA (UTKA) [9, 11–14]. While no wound 
infections were reported in the current study, one DVT was 
reported in a unilateral patient ≤ 70. This low incidence was 
also present for SSBTKA, with one DVT occurring in each 
age group and two PEs occurring in bilateral patients ≤ 70. 
The low incidence of systemic complications and the rela-
tively small number of patients in each subgroup limited 
the ability to find statistical significance. Despite the small 
numbers, this study demonstrated that SSBTKA in elderly 
patients can result in low overall complications. While the 
risk of systemic and wound complications is likely multi-
factorial, the low incidence of complications could be influ-
enced by surgical experience, efficiency and overall mul-
tidisciplinary coordination of perioperative care combined 
with rapid therapy protocols which encourage ambulation 
on the day of surgery and twice daily during hospitalization. 
Greater experience and efficiency, as measured by shorter 
tourniquet and surgical times, have previously been postu-
lated to decrease the risk of these complications [27–29]. 
Tourniquet times previously reported at the current study 
site are low, averaging 37 min per knee and SSBTKA total 
surgical time, to include transition time between knees, aver-
aging about 155 minutes [30, 31].

Table 4   Charlson comorbidities by age groups and procedure—frequency (%)

Significant p values are shown in bold for easier identification.
CVA cerebrovascular accident, Dx diagnosis, DM End-organ diabetes mellitus with end-organ damage, HIV human immunodeficiency virus, 
AIDS acquired immunodeficiency syndrome

Unilateral Bilateral Uni vs Bilateral

 ≤ 70  > 70 p value  ≤ 70  > 70 p value  ≤ 70  > 70

Myocardial infarction 3 (4.0%) 8 (11.9%) 0.073 3 (6.3%) 2 (4.9%) 0.575 0.435 0.190
Congestive heart failure 3 (40.0%) 2 (3.0%) 0.553 0 (0.0%) 1 (2.4%) 0.461 0.223 0.679
Peripheral vascular disease 1 (1.3%) 1 (1.5%) 0.723 0 (0.0%) 1 (2.4%) 0.461 0.610 0.617
CVA or transient ischemic disease 5 (6.7%) 5 (7.5%) 0.554 0 (0.0%) 6 (14.6%) 0.008 0.080 0.192
Hemiplegia – – – – – – – –
Pulmonary Dx 4 (5.3%) 5 (7.5%) 0.429 0 (0.0%) 2 (4.9%) 0.209 0.134 0.462
Diabetes 8 (10.7%) 14 (20.9%) 0.074 11 (22.9) 4 (9.8%) 0.084 0.059 0.105
DM end-organ 1 (1.3%) 1 (1.5%) 0.723 0 (0.0%) 2 (4.9%) 0.209 0.610 0.321
Renal disease 5 (6.7%) 9 (13.4%) 0.143 1 (2.1%) 14 (34.1%)  < 0.001 0.242 0.011
Mild chronic liver disease 2 (2.7%) 3 (4.5%) 0.447 – – – 0.370 0.235
Severe liver disease 0 (0.0%) 1 (1.5%) 0.472 – – – – 0.620
Ulcers 5 (6.7%) 6 (9.0%) 0.421 4 (8.3%) 6 (14.6%) 0.273 0.494 0.272
Cancer 9 (12.0%) 15 (22.4%) 0.077 2 (4.2%) 8 (19.5%) 0.025 0.121 0.460
Metastatic solid tumor – – – 0 (0.0%) 1 (1.1%) 0.461 – 0.380
Dementia 1 (1.3%) 1 (1.5%) 0.723 – – – 0.610 0.620
Rheumatic Dx 5 (6.7%) 10 (14.9%) 0.092 2 (4.2%) 1 (2.4%) 0.560 0.438 0.033
HIV or AIDS 0 (0.0%) 1 (1.5%) 0.472 – – – – 0.620
Hypertension 44 (58.7%) 52 (77.6%) 0.012 35 (72.9%) 33 (80.0%) 0.279 0.078 0.460
Skin Ulcer 1 (1.3%) 1 (1.5%) 0.723 1 (2.1%) 2 (4.9%) 0.440 0.630 0.321
Depression 9 (12.0%) 7 (10.4%) 0.491 2 (4.2%) 2 (4.9%) 0.630 0.121 0.262
Anticoagulants 0 (0.0%) 1 (1.5%) 0.472 0 (0.0%) 1 (2.4%) 0.461 – 0.617
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The transfusion rate experienced by this cohort was also 
relatively low. Previous research has reported approximately 
20% of patients undergoing SSBTKA with use of intrave-
nous tranexamic acid require postoperative transfusion [32, 
33], which is significantly greater than the 5.6% (5/89) of 
SSBTKA patients in the current study requiring transfusion, 
regardless of age. Of the five patients requiring a transfusion, 
four of those patients were > 70 years old. It is well estab-
lished that the prevalence of anemia increases with age [34], 
which is supported in the current study as a significantly 
greater percentage of patients > 70 qualified as anemic com-
pared to patients ≤ 70 prior to surgery. Based on this finding, 
preoperative anemia screening may be helpful, especially in 
older patients, to identify patients at risk for postoperative 
transfusion.

Previous research has found that patients with knee 
osteoarthritis may present with greater comorbidities due 

to low functional capacity brought about by knee pain and 
dysfunction [35, 36]. As expected, the average preopera-
tive KSS-F score was significantly lower for patients ≤ 70 
requiring SSBTKA than for patients with unilateral disease, 
however, this was not significant for patients > 70. This sug-
gests that patients with symptomatic bilateral knee arthritis 
have greater functional loss at younger ages and as patients 
age, unilateral knee pain has greater functional impact. Inter-
estingly, SSBTKA patients ≤ 70 had a significantly greater 
improvement in KSS-F scores at six weeks than all three 
other groups and was the only group to demonstrate func-
tional improvement compared to preoperative scores. This 
suggests that surgical intervention may be more beneficial 
when performed earlier, particularly for those with bilateral 
disease. Previous studies generally report lower ages for 
SSBTKA patients compared to unilateral patients, with the 
average age of SSBTKA patients ranging between 62 and 

Table 5   Clinical and patient reported outcomes for unilateral and bilateral patients between age groups—mean (SD)/freq (%)

Significant p values are shown in bold for easier identification
SD standard deviation, Freq frequency, KSS knee society score, ° = degree, KOOS JR knee injury and osteoarthritis outcome score, joint replace-
ment, G global
* = determined for each knee, doubled sample size

Unilateral Bilateral Uni vs Bilateral

 ≤ 70  > 70 p value  ≤ 70  > 70 p value  ≤ 70  > 70

Number of patients 75 67 48 41
Pre-operative
 KSS knee* 44.5 (16.7) 42.1 (17.8) 0.448 40.3 (13.3) 40.5 (13.1) 0.941 0.181 0.626
 KSS function 61.9 (19.1) 48.5 (20.3)  < 0.001 50.0 (17.5) 53.7 (17.6) 0.349 0.002 0.187
 KOOS Jr* 45.2 (13.9) 46.5 (14.5) 0.588 46.7 (15.3) 44.9 (12.8) 0.556 0.585 0.559
 G. Physical Health 40.3 (7.1) 40.4 (6.8) 0.907 38.6 (6.2) 39.8 (4.8) 0.344 0.189 0.588
 G. Mental Health 48.7 (9.1) 48.8 (7.9) 0.920 46.0 (7.8) 49.9 (8.3) 0.029 0.098 0.522

Post-operative
 KSS Knee* 81.3 (12.5) 78.4 (13.2) 0.193 79.4 (15.7) 85.7 (9.7) 0.027 0.450 0.003
 KSS function 52.4 (19.2) 43.8 (20.2) 0.011 55.4 (19.5) 49.8 (20.5) 0.185 0.401 0.143
 KOOS Jr* 59.1 (9.7) 59.1 (11.7) 0.986 58.2 (11.1) 63.5 (12.7) 0.039 0.646 0.067
 G. Physical Health 42.8 (6.1) 43.5 (5.8) 0.528 44.2 (6.2) 44.9 (6.9) 0.582 0.248 0.243
 G. Mental Health 49.4 (8.9) 49.4 (8.7) 0.986 49.2 (8.5) 51.2 (7.8) 0.257 0.904 0.288

Pre-to-post change
 KSS Knee* 37.6 (16.7) 36.9 (24.7) 0.853 38.8 (22.7) 45.0 (16.9) 0.175 0.764 0.078
 KSS function -8.8 (23.9) -4.4 (26.1) 0.325 9.1 (22.1) -4.5 (18.3) 0.004  < 0.001 0.978
 KOOS Jr* 14.0 (15.4) 12.9 (14.9) 0.682 10.7 (16.4) 19.1 (16.9) 0.023 0.272 0.056
 G. Physical Health 2.5 (6.8) 3.0 (5.6) 0.696 5.5 (6.7) 5.2 (6.8) 0.793 0.020 0.072
 G. Mental Health 0.7 (8.1) 0.7 (7.4) 0.996 3.4 (7.2) 1.6 (6.3) 0.218 0.064 0.524

Satisfaction 0.317 0.048 0.923 0.018
 Not answered 5 4 3 1
  5 39 (55.7%) 41 (65.1%) 27 (60.0%) 30 (75.0%)
  4 18 (25.7%) 9 (14.3%) 10 (22.2%) 10 (25.0%)
  3 7 (10.0%) 10 (15.9%) 5 (11.1%) 0 (0.0%)
  2 5 (7.1%) 3 (4.8%) 3 (6.7%) 0 (0.0%)
  1 1 (1.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
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66 years old [16, 37]. The increased functional impact of 
bilateral knee pain may account for patients seeking earlier 
treatment, as well as surgeon selection bias towards reserv-
ing SSBTKA for younger patients. By evaluating SSBTKA 
in two specific age groups (average 63.9 and 75.8), the cur-
rent study attempted to identify a difference in the distri-
bution of comorbidities as it relates to age. In this cohort, 
only cerebrovascular accident, renal disease and cancer were 
found to be significantly more common in the older age 
group. A potential confounding variable, however, could be 
the distribution of race between the current study and previ-
ous research. Most studies regarding SSBTKA have involved 
predominantly Caucasian patients (range 61–82%) [16, 37]. 
In the current study, 38.7–61.0% of patients in each group 
self-identified as Asian. While it is unclear how this may 
influence the results, the demographic differences between 
this study cohort and large national studies are substantial 
and worthy of discussion.

In a recently published review of the National Surgical 
Quality Improvement Program (NSQIP) data base, BTKA 
was found to have increased risk for all complications and 
major complications when compared to UTKA regardless 
of health status [37]. While it is extremely difficult to com-
pare such large database driven research with much smaller 
single center cohort evaluations, the conflicting findings in 
the current study require scrutiny and discussion of possible 
causes for these differences. One potential explanation is 
the notable differences between the current study’s patient 
cohort and what appears to represent more national demo-
graphics of the US. Asian patients represented a substantial 
proportion of patients in the current cohort (38.7–61.0%) 
compared to 1.0–3.7% represented in the NSQIP data. 
Furthermore, there was a far greater proportion of Native 
Hawaiian or Pacific Islanders (NHPI) included (7.3–12.0%) 
compared to NSQIP statistics (0.2–0.7%). Half to 71% of 
patients in the current study had an ASA > 2 compared to 
nearly 82% of BTKA patients in the highest morbidity quar-
tile of the NSQIP patient cohort. The average BMI of the 
current study group (28.6–30.8) was notably lower than the 
average BMI of all patients (31.3–37.4) except in the lowest 
NSQIP morbidity quartile. The proportion of BTKA patients 
in the current study (31.7–43.3%) being treated for diabe-
tes appeared to be greater than the proportion of diabetic 
BTKA patients in the worse morbidity quartile of Warren 
et al.’s study (29.8%) and far greater than all other quartiles 
reviewed (4.1–16.6%) [37]. The multiple demographic dif-
ferences between cohorts make direct comparisons difficult. 
It is possible that despite having more diabetic patients in 
the current study, overall, the BTKA patients in the current 
study represent a healthier group compared to the continen-
tal US and highlights the possibility that diabetes may not 
have the same health implications for Asian and NHPI. Fur-
thermore, there is likely wide variability across the surgical 

protocols used to perform BTKA and institutional experi-
ence and efficiency of hospitals contributing data to NSQIP. 
For all these reasons, direct comparisons to other studies are 
difficult to perform and highlights the importance of contin-
uing site-specific evaluations to potentially identify local or 
demographic specific factors conducive to failure or success. 
The current study site is arguably the most geographically 
isolated, high-density population in the US which facilitates 
the study of geographically specific population demograph-
ics. Research is ongoing at the current study site to examine 
the impact of racial differences in outcomes following TKA 
particularly for Asian and NHPI patients.

In addition to low complication rates, the average, 
6-weeks postoperative KOOS JR scores increased beyond 
the minimum clinically important difference values in 
all groups [38]. This improvement was greatest in bilat-
eral patients > 70, which indicates that older patients may 
have different expectations following surgery, with a pri-
mary desire for the removal of pain as opposed to greater 
functional improvements. While improvement in SSBTKA 
patients > 70 was significantly greater than in patients ≤ 70, 
the difference in improvement for SSBTKA patients > 70 
was not significantly different when compared to unilat-
eral TKA patients > 70. This aligns with similar studies of 
elderly TKA patients which report no significant differences 
in postoperative function between unilateral and bilateral 
TKA [9, 39–41]. Clinical improvement in the current study 
for SSBTKA patients > 70 is further supported by the high 
level of patient satisfaction at six weeks following surgery; 
satisfaction scores were significantly greater than those of 
bilateral patients ≤ 70 and unilateral patients > 70. Coupled 
with the low complication rate, the high satisfaction fol-
lowing SSBTKA appears to support this surgical option for 
patients > 70.

The current study has several limitations. First, as previ-
ously mentioned, this was a single center and single surgeon 
cohort and may lack generalizability. However, the current 
study’s design potentially decreases confounding variables 
compared to studies that use multiple surgeons and/or cent-
ers. Second, the unique patient demographic evaluated in the 
current study (38.7–61.0% Asian) may have contributed to 
differences between the current study and previous research. 
Further evaluation of comorbidity distribution as it relates to 
ethnicity is ongoing at the current study site. Third, the short 
follow-up time limits the ability to draw long-term conclu-
sions about functional recovery and mortality. However, the 
90-days complication reporting time is commonly used in 
research to evaluate wound and systemic complications. The 
short functional recovery evaluation was used as a second-
ary outcome to provide a broader scope of patient recovery, 
however, the short follow-up unlikely provides useful long-
term insight. Fourth, it is highly possible that a selection 
bias occurs naturally in patient self-selection of SSBTKA. 
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Patients > 70 undergoing SSBTKA had significantly higher 
preoperative mental health self-assessment scores. There 
is a high possibility that patients who are more confident 
and have a healthier outlook of themselves have fewer con-
cerns undergoing SSBTKA and can cope with postoperative 
stressors in a healthier manner. Postoperatively this group 
reported higher KSS-K and KOOS Jr. scores and 100% 
reported being satisfied or very satisfied following surgery 
compared to the younger SSBTKA group or both unilateral 
TKA groups. This may reflect the underlying characteris-
tics of older patients choosing SSBTKA rather than surgery 
having improved outcomes in this age group. Finally, the 
small sample size and low occurrence of complications and 
readmissions limited the ability to find statistical differences. 
Larger randomized controlled trials of single center cohorts 
evaluating the safety of SSBTKA should be performed in 
the future to gain higher levels of evidence. However, sin-
gle center cohorts of SSBTKA are commonly small and the 
authors hope these results add to the growing breadth of 
research on the topic.

Conclusion

The current study suggests there are no significant dif-
ferences in early postoperative complications between 
patients younger and older than 70, or between unilat-
eral and SSBTKA. However, a higher readmission rate 
trended toward significance in this relatively small cohort 
of SSBTKA patients > 70, and surgeons should continue to 
be cautious until greater evidence confirming safety can be 
demonstrated. The current study, however, resulted in low 
overall complication rates following SSBTKA in elderly 
patients with significant improvements in KOOS JR scores 
and high levels of patient satisfaction. These findings sug-
gest SSBTKA should remain a reasonable option for patients 
older than 70.

Author contributions  Conceptualization: CKN, SA; Methodology: 
CKN, SA; Formal analysis and investigation: CKN, SA; Data collec-
tion and preparation: KW and BS; Statistical analysis: SA; Writing—
original draft preparation: MI; Writing—review and editing: CKN, 
SA, DLA; Funding acquisition: N/A; Supervision: CKN, SA, DLA.

Funding  This research received no specific grant from any funding 
agency in the public, commercial or non-for-profit sectors.

Data availability  All data relevant to this study is secured in a data 
repository and can be accessed through the study institution for scien-
tifically reasonable inquiries.

Declarations 

Conflict of interest  All authors certify that they have no affiliations 
with or involvement in any organization or entity with any financial 

interest or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Ethical approval  This retrospective chart review study involving human 
participants was in accordance with the ethical standards of the insti-
tutional and national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards. 
The Hawai‘i Pacific Health Research Institute (local Western Institu-
tional Review Board) approved this study.

Informed consent  This was a retrospective chart review and data col-
lected were de-identified and presented as large scale, aggregate data. 
Therefore, no informed consent was obtained or required by the IRB.

References

	 1.	 Kurtz S, Ong K, Lau E, Mowat F, Halpern M (2007) Projections 
of primary and revision hip and knee arthroplasty in the United 
States from 2005 to 2030. J Bone Joint Surg Am 89(4):780–785. 
https://​doi.​org/​10.​2106/​JBJS.F.​00222

	 2.	 Shah AK, Celestin J, Parks ML, Levy RN (2004) Long-term 
results of total joint arthroplasty in elderly patients who are frail. 
Clin Orthop Relat Res 425:106–109. https://​doi.​org/​10.​1097/​
00003​086-​20040​8000-​00015

	 3.	 Kirwan JR, Currey HL, Freeman MA, Snow S, Young PJ (1994) 
Overall long-term impact of total hip and knee joint replacement 
surgery on patients with osteoarthritis and rheumatoid arthritis. Br 
J Rheumatol 33(4):357–360. https://​doi.​org/​10.​1093/​rheum​atolo​
gy/​33.4.​357

	 4.	 Baker PN, Rushton S, Jameson SS, Reed M, Gregg P, Deehan DJ 
(2013) Patient satisfaction with total knee replacement cannot be 
predicted from pre-operative variables alone: a cohort study from 
the National Joint Registry for England and Wales. Bone Joint J 
95-B(10):1359–1365. https://​doi.​org/​10.​1302/​0301-​620X.​95B10.​
32281

	 5.	 Patil N, Wakankar H (2008) Morbidity and mortality of simultane-
ous bilateral total knee arthroplasty. Orthopedics 31(8):780–789. 
https://​doi.​org/​10.​3928/​01477​447-​20080​801-​23. (quiz 790-1)

	 6.	 Stubbs G, Pryke SE, Tewari S et al (2005) Safety and cost benefits 
of bilateral total knee replacement in an acute hospital. ANZ J 
Surg 75(9):739–746. https://​doi.​org/​10.​1111/j.​1445-​2197.​2005.​
03516.x

	 7.	 Odum SM, Springer BD (2014) In-hospital complication rates and 
associated factors after simultaneous bilateral versus unilateral 
total knee arthroplasty. J Bone Joint Surg Am 96(13):1058–1065. 
https://​doi.​org/​10.​2106/​JBJS.M.​00065

	 8.	 Restrepo C, Parvizi J, Dietrich T, Einhorn TA (2007) Safety of 
simultaneous bilateral total knee arthroplasty. A meta-analysis. J 
Bone Joint Surg Am 89(6):1220–1226. https://​doi.​org/​10.​2106/​
JBJS.F.​01353

	 9.	 Klasan A, Putnis SE, Yeo WW et al (2020) Should sequential 
bilateral total knee arthroplasty be limited to patients younger than 
80? A two-arm propensity matched study. J Knee Surg. https://​doi.​
org/​10.​1055/s-​0040-​17121​00

	10.	 Higuera CA, Elsharkawy K, Klika AK, Brocone M, Barsoum WK 
(2011) 2010 Mid-America Orthopaedic Association Physician in 
Training Award: predictors of early adverse outcomes after knee 
and hip arthroplasty in geriatric patients. Clin Orthop Relat Res 
469(5):1391–1400. https://​doi.​org/​10.​1007/​s11999-​011-​1804-3

	11.	 Barrett J, Baron JA, Losina E, Wright J, Mahomed NN, Katz JN 
(2006) Bilateral total knee replacement: staging and pulmonary 
embolism. J Bone Joint Surg Am 88(10):2146–2151. https://​doi.​
org/​10.​2106/​JBJS.E.​01323

https://doi.org/10.2106/JBJS.F.00222
https://doi.org/10.1097/00003086-200408000-00015
https://doi.org/10.1097/00003086-200408000-00015
https://doi.org/10.1093/rheumatology/33.4.357
https://doi.org/10.1093/rheumatology/33.4.357
https://doi.org/10.1302/0301-620X.95B10.32281
https://doi.org/10.1302/0301-620X.95B10.32281
https://doi.org/10.3928/01477447-20080801-23
https://doi.org/10.1111/j.1445-2197.2005.03516.x
https://doi.org/10.1111/j.1445-2197.2005.03516.x
https://doi.org/10.2106/JBJS.M.00065
https://doi.org/10.2106/JBJS.F.01353
https://doi.org/10.2106/JBJS.F.01353
https://doi.org/10.1055/s-0040-1712100
https://doi.org/10.1055/s-0040-1712100
https://doi.org/10.1007/s11999-011-1804-3
https://doi.org/10.2106/JBJS.E.01323
https://doi.org/10.2106/JBJS.E.01323


5291Archives of Orthopaedic and Trauma Surgery (2023) 143:5283–5292	

1 3

	12.	 Seo JG, Kim SM, Shin JM, Kim Y, Lee BH (2016) Safety of 
simultaneous bilateral total knee arthroplasty using an extramed-
ullary referencing system: results from 2098 consecutive patients. 
Arch Orthop Trauma Surg 136(11):1615–1621. https://​doi.​org/​10.​
1007/​s00402-​016-​2573-y

	13.	 Cote MP, Chen A, Jiang Y, Cheng V, Lieberman JR (2017) Per-
sistent pulmonary embolism rates following total knee arthro-
plasty even with prophylactic anticoagulants. J Arthroplasty 
32(12):3833–3839. https://​doi.​org/​10.​1016/j.​arth.​2017.​06.​041

	14.	 Putnis SE, Klasan A, Redgment JD, Daniel MS, Parker DA, 
Coolican MRJ (2020) One-stage sequential bilateral total knee 
arthroplasty: an effective treatment for advanced bilateral knee 
osteoarthritis providing high patient satisfaction. J Arthroplasty 
35(2):401–406. https://​doi.​org/​10.​1016/j.​arth.​2019.​09.​032

	15.	 Fu D, Li G, Chen K, Zeng H, Zhang X, Cai Z (2013) Com-
parison of clinical outcome between simultaneous-bilateral and 
staged-bilateral total knee arthroplasty: a systematic review of 
retrospective studies. J Arthroplasty 28(7):1141–1147. https://​
doi.​org/​10.​1016/j.​arth.​2012.​09.​023

	16.	 Memtsoudis SG, Gonzalez Della Valle A, Besculides MC, Gaber 
L, Sculco TP (2008) In-hospital complications and mortality of 
unilateral, bilateral, and revision TKA: based on an estimate of 
4,159,661 discharges. Clin Orthop Relat Res 466(11):2617–
2627. https://​doi.​org/​10.​1007/​s11999-​008-​0402-5

	17.	 Memtsoudis SG, Ma Y, Chiu YL, Poultsides L, Gonzalez Della 
Valle A, Mazumdar M (2011) Bilateral total knee arthroplasty: 
risk factors for major morbidity and mortality. Anesth Analg 
113(4):784–790. https://​doi.​org/​10.​1213/​ANE.​0b013​e3182​
282953

	18.	 Pugely AJ, Martin CT, Gao Y, Belatti DA, Callaghan JJ (2014) 
Comorbidities in patients undergoing total knee arthroplasty: 
do they influence hospital costs and length of stay? Clin 
Orthop Relat Res 472(12):3943–3950. https://​doi.​org/​10.​1007/​
s11999-​014-​3918-x

	19.	 Klasan A, Putnis SE, Yeo WW, Fritsch BA, Coolican MR, 
Parker DA (2019) Advanced age is not a barrier to total knee 
arthroplasty: a detailed analysis of outcomes and complica-
tions in an elderly cohort compared with average age total knee 
arthroplasty patients. J Arthroplasty 34(9):1938–1945. https://​
doi.​org/​10.​1016/j.​arth.​2019.​05.​007

	20.	 Parsley BS, Bertolusso R, Harrington M, Brekke A, Noble PC 
(2010) Influence of gender on age of treatment with TKA and 
functional outcome. Clin Orthop Relat Res 468(7):1759–1764. 
https://​doi.​org/​10.​1007/​s11999-​010-​1348-y

	21.	 Kain ZN, Vakharia S, Garson L et al (2014) The perioperative 
surgical home as a future perioperative practice model. Anesth 
Analg 118(5):1126–1130. https://​doi.​org/​10.​1213/​ANE.​00000​
00000​000190

	22.	 Blanc B, Finch C, Hallberg L, Herbert V, Lawkowicz W, Lay-
risse M. Nutritional anaemias. Report of a WHO Scientific 
Group. WHO Tech Rep Serv. 1968:1–40.

	23.	 Passias PG, Bono OJ, Bono JV (2020) Total knee arthroplasty in 
patients of advanced age: a look at outcomes and complications. 
J Knee Surg 33(1):1–7. https://​doi.​org/​10.​1055/s-​0038-​16760​67

	24.	 Higashi H, Barendregt JJ (2011) Cost-effectiveness of total 
hip and knee replacements for the Australian population with 
osteoarthritis: discrete-event simulation model. PLoS ONE 
6(9):e25403. https://​doi.​org/​10.​1371/​journ​al.​pone.​00254​03

	25.	 Edwards HB, Smith M, Herrett E, MacGregor A, Blom A, 
Ben-Shlomo Y (2018) The effect of age, sex, area deprivation, 
and living arrangements on total knee replacement outcomes: 
a study involving the united kingdom national joint registry 
dataset. JB JS Open Access 3(2):e0042. https://​doi.​org/​10.​2106/​
JBJS.​OA.​17.​00042

	26.	 Kennedy JW, Johnston L, Cochrane L, Boscainos PJ (2013) 
Total knee arthroplasty in the elderly: does age affect pain, 

function or complications? Clin Orthop Relat Res 471(6):1964–
1969. https://​doi.​org/​10.​1007/​s11999-​013-​2803-3

	27.	 Tai TW, Lin CJ, Jou IM, Chang CW, Lai KA, Yang CY (2011) 
Tourniquet use in total knee arthroplasty: a meta-analysis. Knee 
Surg Sports Traumatol Arthrosc 19(7):1121–1130. https://​doi.​
org/​10.​1007/​s00167-​010-​1342-7

	28.	 Hernandez A, Almeida A, Favaro E, Sguizzato G (2012) The 
influence of tourniquet use and operative time on the incidence 
of deep vein thrombosis in total knee arthroplasty. Clinics 
67(9):1053–1057. https://​doi.​org/​10.​6061/​clini​cs/​2012(09)​12

	29.	 Laucis NC, Chowdhury M, Dasgupta A, Bhattacharyya T (2016) 
Trend toward high-volume hospitals and the influence on com-
plications in knee and hip arthroplasty. J Bone Joint Surg Am 
98(9):707–712. https://​doi.​org/​10.​2106/​JBJS.​15.​00399

	30.	 Radzak KN, Wages JJ, Hall KE, Nakasone CK (2016) Rate of 
transfusions after total knee arthroplasty in patients receiving 
Lovenox or high-dose aspirin. J Arthroplasty 31(11):2447–
2451. https://​doi.​org/​10.​1016/j.​arth.​2015.​10.​023

	31.	 Sakka BI, Shiinoki A, Morikawa L, Mathews K, Andrews S, 
Nakasone C (2020) Comparison of early post-operative com-
plications following unilateral or single-stage bilateral unicom-
partmental knee arthroplasty. Knee 27(5):1406–1410. https://​
doi.​org/​10.​1016/j.​knee.​2020.​07.​096

	32.	 Kim TK, Chang CB, Kang YG et al (2014) Clinical value of 
tranexamic acid in unilateral and simultaneous bilateral TKAs 
under a contemporary blood-saving protocol: a randomized con-
trolled trial. Knee Surg Sports Traumatol Arthrosc 22(8):1870–
1878. https://​doi.​org/​10.​1007/​s00167-​013-​2492-1

	33.	 Karaaslan F, Karaoglu S, Mermerkaya MU, Baktir A (2015) 
Reducing blood loss in simultaneous bilateral total knee arthro-
plasty: combined intravenous-intra-articular tranexamic acid 
administration. A prospective randomized controlled trial Knee 
22(2):131–135. https://​doi.​org/​10.​1016/j.​knee.​2014.​12.​002

	34.	 Gaskell H, Derry S, Andrew Moore R, McQuay HJ (2008) Prev-
alence of anaemia in older persons: systematic review. BMC 
Geriatr 8:1. https://​doi.​org/​10.​1186/​1471-​2318-8-1

	35.	 van Dijk GM, Veenhof C, Schellevis F et al (2008) Comorbidity, 
limitations in activities and pain in patients with osteoarthritis 
of the hip or knee. BMC Musculoskelet Disord 9:95. https://​doi.​
org/​10.​1186/​1471-​2474-9-​95

	36.	 Cleveland RJ, Alvarez C, Schwartz TA et al (2019) The impact 
of painful knee osteoarthritis on mortality: a community-based 
cohort study with over 24 years of follow-up. Osteoarthritis 
Cartilage 27(4):593–602. https://​doi.​org/​10.​1016/j.​joca.​2018.​
12.​008

	37.	 Warren JA, Siddiqi A, Krebs VE, Molloy R, Higuera CA, Piuzzi 
NS (2021) Bilateral simultaneous total knee arthroplasty may 
not be safe even in the healthiest patients. J Bone Joint Surg Am 
103(4):303–311. https://​doi.​org/​10.​2106/​JBJS.​20.​01046

	38.	 Hung M, Bounsanga J, Voss MW, Saltzman CL (2018) Estab-
lishing minimum clinically important difference values for the 
Patient-Reported Outcomes Measurement Information System 
Physical Function, hip disability and osteoarthritis outcome 
score for joint reconstruction, and knee injury and osteoarthritis 
outcome score for joint reconstruction in orthopaedics. World J 
Orthop 9(3):41–49. https://​doi.​org/​10.​5312/​wjo.​v9.​i3.​41

	39.	 Elmallah RD, Jauregui JJ, Cherian JJ, Pierce TP, Harwin SF, 
Mont MA (2016) Effect of age on postoperative outcomes fol-
lowing total knee arthroplasty. J Knee Surg 29(8):673–678. 
https://​doi.​org/​10.​1055/s-​0036-​15714​28

	40.	 Adili A, Bhandari M, Petruccelli D, De Beer J (2001) Sequential 
bilateral total knee arthroplasty under 1 anesthetic in patients 
> or = 75 years old: complications and functional outcomes. J 
Arthroplasty 16(3):271–278. https://​doi.​org/​10.​1054/​arth.​2001.​
21495

https://doi.org/10.1007/s00402-016-2573-y
https://doi.org/10.1007/s00402-016-2573-y
https://doi.org/10.1016/j.arth.2017.06.041
https://doi.org/10.1016/j.arth.2019.09.032
https://doi.org/10.1016/j.arth.2012.09.023
https://doi.org/10.1016/j.arth.2012.09.023
https://doi.org/10.1007/s11999-008-0402-5
https://doi.org/10.1213/ANE.0b013e3182282953
https://doi.org/10.1213/ANE.0b013e3182282953
https://doi.org/10.1007/s11999-014-3918-x
https://doi.org/10.1007/s11999-014-3918-x
https://doi.org/10.1016/j.arth.2019.05.007
https://doi.org/10.1016/j.arth.2019.05.007
https://doi.org/10.1007/s11999-010-1348-y
https://doi.org/10.1213/ANE.0000000000000190
https://doi.org/10.1213/ANE.0000000000000190
https://doi.org/10.1055/s-0038-1676067
https://doi.org/10.1371/journal.pone.0025403
https://doi.org/10.2106/JBJS.OA.17.00042
https://doi.org/10.2106/JBJS.OA.17.00042
https://doi.org/10.1007/s11999-013-2803-3
https://doi.org/10.1007/s00167-010-1342-7
https://doi.org/10.1007/s00167-010-1342-7
https://doi.org/10.6061/clinics/2012(09)12
https://doi.org/10.2106/JBJS.15.00399
https://doi.org/10.1016/j.arth.2015.10.023
https://doi.org/10.1016/j.knee.2020.07.096
https://doi.org/10.1016/j.knee.2020.07.096
https://doi.org/10.1007/s00167-013-2492-1
https://doi.org/10.1016/j.knee.2014.12.002
https://doi.org/10.1186/1471-2318-8-1
https://doi.org/10.1186/1471-2474-9-95
https://doi.org/10.1186/1471-2474-9-95
https://doi.org/10.1016/j.joca.2018.12.008
https://doi.org/10.1016/j.joca.2018.12.008
https://doi.org/10.2106/JBJS.20.01046
https://doi.org/10.5312/wjo.v9.i3.41
https://doi.org/10.1055/s-0036-1571428
https://doi.org/10.1054/arth.2001.21495
https://doi.org/10.1054/arth.2001.21495


5292	 Archives of Orthopaedic and Trauma Surgery (2023) 143:5283–5292

1 3

	41.	 Agarwala S, Menon A (2020) Safety and efficacy of sequential 
simultaneous bilateral total knee arthroplasty: a single centre 
retrospective cohort study. J Clin Orthop Trauma 11(Suppl 
4):S636–S644. https://​doi.​org/​10.​1016/j.​jcot.​2020.​05.​015

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.jcot.2020.05.015

	Do older patients fare worse following unilateral or single stage bilateral total knee arthroplasty?
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Patient demographics
	Individual comorbidities
	Clinic and patient-reported outcomes

	Discussion
	Conclusion
	References




