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Poor outcomes of revision total knee 
arthroplasty in patients with septic loosening 
compared to patients with aseptic loosening
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Abstract 

Background:  The purpose of this study was to compare the functional outcomes, activity levels, mortalities, implant 
survival rates, and complications in revision total knee arthroplasty (TKA) of patients with septic loosening with those 
in patients with aseptic loosening over a minimum 10-year follow-up period.

Methods:  A cohort of 78 patients (36 septic loosening and 42 aseptic loosening) was selected between January 
2008 and December 2009. The functional outcomes, activity levels, mortalities, implant survival rates, and complica‑
tions of revision TKA in patients with septic and aseptic loosening were compared.

Results:  The mean Knee Society knee scores in the septic and aseptic groups improved from 36.7 and 37.4 preop‑
eratively to 65.3 and 76.8 points at the final follow-up, respectively (p < 0.05). Outdoor ambulatory patients at the 
final follow-up included 20 of 29 (69.0%) patients in the septic group and 35 of 39 (89.7%) patients in the aseptic 
group (p < 0.05). The cumulative mortality rates in the septic and aseptic groups were 19.4% (7/36) and 7.1% (3/42) 
(p = 0.102) at final follow-up, respectively. Kaplan–Meier survivorship analysis with re-revision of either component as 
an endpoint in the septic and aseptic groups estimated 86.5% and 95.5% chance of survival for 10 years, respectively.

Conclusions:  Revision TKA in patients with septic loosening had worse functional outcomes and higher mortality 
over a minimum 10-year follow-up period compared with that in patients with aseptic loosening.

Level of evidence:  IV.
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Introduction
Total knee arthroplasty (TKA) is an effective surgical 
intervention for treatment of late-stage osteoarthritis 
of the knee by reducing pain and improving function. 
With increased demand for primary TKA in the elderly 
population, there is a concomitant expected increase in 
revision TKA [1, 2]. The main causes of failure follow-
ing TKA are aseptic loosening, infection, component 

malposition, instability, and stiffness [1, 3–5]. The need 
for revision TKAs showed a rapid 267% increase between 
2001 and 2010 in Korea [6]. The increase in revision TKA 
use can be explained by the increasing aging population 
and improved accessibility to the healthcare system [7].

The burden of revision TKA is substantially greater 
and requires additional hospitalization relative to that of 
primary surgery. Results following revision TKA are less 
predictable than after the primary procedure [8], and it is 
reasonable to expect that outcomes such as survival and 
complication rate following revision TKA will be infe-
rior to those following the primary surgery [9]. With an 
increase in number of revision TKA surgeries, greater 
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understanding of long-term results is required. Although 
several studies have reported on revision TKA, limited 
data are available on the long-term follow-up outcomes 
of revision TKA in patients required due to either septic 
or aseptic loosening.

Here, we designed a retrospective observational study 
to compare the functional outcomes, activity levels, mor-
talities, implant survival rates, and complications of revi-
sion TKA in patients with septic or aseptic loosening 
over a minimum 10-year follow-up period.

Materials and methods
The design and protocol of this retrospective study were 
approved by the Institutional Review Board of our hospi-
tal. The requirement of informed consent was waived due 
to the retrospective nature of the study. Between January 
2008 and December 2009, a consecutive series of 96 revi-
sion TKAs was performed in 91 patients using a single 
implant system at our hospital. Patients receiving a par-
tial revision, a hinged arthroplasty, revision of unicondy-
lar arthroplasty, isolated polyethylene exchange, and/or 
patellar resurfacing were not included. Patients were allo-
cated to 1 of 4 categories: aseptic loosening (49 knees/47 
patients), septic loosening (40 knees/39 patients), insta-
bility (6 knees/4 patients), and severe stiffness (1 knee/1 
patient). In our cohort, aseptic loosening was the most 
common cause of failure, followed by infection, insta-
bility, and then stiffness. Of these 91 patients, eight (8 

knees) were excluded from the study due to follow-up 
loss, and five (7 knees) with instability and severe stiff-
ness were excluded due to low number. The final aseptic 
cohort consisted of 37 females (39 knees) and five males 
(5 knees), with an average age at surgery of 67.2  years 
(range 43 to 80  years). The septic group included 30 
females (31 knees) and six males (6 knees) with an aver-
age age at surgery of 67.5  years (range 37 to 78  years) 
(Fig.  1). Diagnosis of infection for the septic group was 
confirmed through aspirated joint fluid analysis, which 
is performed via microbiological culture, demonstration 
of acute inflammation by periprosthetic tissue, a WBC 
count of > 2000/μL, or a granulocytes percentage of > 70% 
in the joint fluid [10]. Joint fluid was obtained preop-
eratively and intraoperatively to confirm the presence 
of causative organisms. Demographic data of sex, age, 
initial diagnosis, body mass index, pre-operative Koval 
category [11], and pre-operative Knee Society Score [12] 
were obtained by reviewing medical records (Table  1). 
The mean follow-up period was 11.8 years (range 10.2–
14.0  years) in the aseptic group and 11.8  years (range 
10.5–14.0 years) in the septic group.

All surgical procedures were performed by three sen-
ior surgeons using standardized instrumentation and 
uniform surgical technique. Two-stage reimplantation 
was performed in all septic group patients. The first stage 
involved removal of the component and cement spacer 
implantation. The second stage involved implantation of 

Fig. 1  A schematic showing selection of subjects for this study
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the new components in accordance with adequate infec-
tion control. All patients were treated using the Scorpio 
Total Stabilizer Revision Knee System (Stryker Ortho-
paedics, Mahwah, NJ, USA). All implants were inserted 
with the Simplex P bone cement (Stryker Orthopaedics, 
Mahwah, NJ, USA). Patients were mobilized with imme-
diate weight-bearing as tolerated, and active exercise 
was initiated under supervision of a physiotherapist. 
Patients underwent clinical and radiographic follow-up 
at post-operation two and six weeks; three, six, nine, and 
12  months; and annually thereafter. During follow-up 
evaluations, patients who did not return for scheduled 
visits were contacted by telephone. Two nurses and one 
private doctor found and visited non-responders. Clinical 
evaluations were performed using the Knee Society rat-
ing system [12]. Results were classified as excellent (80–
100), good (70–79), fair (60–69), or poor (< 60). Change 
of patient activity and mortality were compared within a 
minimum of 10  years between the two groups. Activity 
level was defined as follows: I, independent community 
ambulatory; II, community ambulatory with cane; III, 
community ambulatory with walker/crutches; IV, inde-
pendent household ambulator; V, household ambula-
tory with cane; VI, household ambulatory with walker/
crutches, and VII, nonfunctional ambulatory [11]. In the 
analysis, Koval grades I, II, and III cases were classified 
as outdoor ambulatory patients who can walk outside, 
whereas Koval grades IV, V, VI, and VII cases were clas-
sified as shut-in patients who walk only at home. Radio-
graphic analysis included long-leg standing radiography 
from the pelvis to the ankle joint for evaluating the axis, 

weight-bearing anteroposterior view, non-weight bear-
ing anteroposterior view, lateral view at 30° flexion, and 
skyline view of the patella. Each radiograph was assessed 
using the Knee Society evaluation system [13]. Mortality 
status and implant survival analysis were identified using 
hospital records and/or by interviews with family mem-
bers. Patients unable to attend follow-up evaluations 
were interviewed by telephone. During the follow-up 
evaluations, the same caregiver previously interviewed 
during the patient’s hospitalization was questioned.

Cumulative crude mortality rate was calculated at 
three, six, and 10  years and compared between the two 
groups. Kaplan–Meier survival analysis was performed 
for both groups for a minimum 10-year follow-up period, 
using mortality as a primary end point. Additionally, 
Kaplan–Meier survival analysis was performed for all 
knees for a minimum 10-year follow-up period with re-
revision of either component as an endpoint. The cor-
relation of survival rates in the groups was tested using 
the log-rank test. Student’s t-test was used to analyze age 
and body mass index, and Mann–Whitney test was used 
to analyze Koval grade. The chi square test was used to 
analyze sex, Knee Society knee and function scores, and 
cumulative mortality. The analyses were carried out using 
IBM SPSS Statistics software version 18.0 (IBM, Armonk, 
NY, USA). All reported p-values were two-sided, and 
p < 0.05 was considered statistically significant.

Results
The mean Knee Society knee scores in the septic and 
aseptic groups improved from 36.7 and 37.4 points pre-
operatively to 65.3 and 76.8 points at the final follow-up, 
respectively (p < 0.05). Clinical outcomes were classified 
as excellent or good for 17 patients (17/29, 58.6%), fair for 
two, and poor for 10 in the septic group and excellent or 
good for 30 patients (30/39, 76.9%), fair for five, and poor 
for four in the aseptic group. Mean preoperative func-
tion scores in the septic and aseptic groups improved 
from 35.5 and 36.7 points to 62.5 and 73.1 points at the 
final follow-up, respectively (p < 0.05). Functional out-
comes were classified as excellent or good for 17 patients 
(17/29, 58.6%), fair for three, and poor for nine in the 
septic group and excellent or good for 30 patients (30/39, 
76.9%), fair for five, and poor for four in the aseptic 
group.

Among 29 surviving patients in the septic group at a 
minimum follow-up period of 10 years, 20 were outdoor 
ambulatory, and nine were shut-in patients (Table  2). 
However, among 39 surviving patients in the aseptic 
group, 35 were outdoor ambulatory, and four were shut-
in patients (Table  3). The cumulative mortality rates in 
septic and aseptic groups were 19.4% (7/36) and 7.1% 

Table 1  Demographics of patients

TKA, total knee arthroplasty; SD, standard deviation

Septic group Aseptic group p-value

Number of patients 36 42

Number of TKA 37 44

Male: female 6: 30 5: 37 0.531

Age (years) (mean ± SD) 67.5 ± 8.1 67.2 ± 7.5 0.862

Body mass index 25.2 ± 2.8 27.4 ± 3.7 0.003

Diagnosis

 Aseptic loosening 42

 Septic loosening 36

Koval grade by pre-operative 
status

0.971

 I 30 35

 II 6 7

 III–VI 0 0

Pre-operative

 Knee Society knee score 36.7 ± 5.3 37.4 ± 5.2

 Function score 35.5 ± 6.2 36.7 ± 6.4
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(3/42) at the final follow-up, respectively (p = 0.102) 
(Fig. 2 and Table 2).

A non-progressive radiolucent line (radiographic 
demarcation ≥ 2 mm) was observed in two femoral com-
ponents and three tibial components in the septic group 
and two femoral and four tibial components in the asep-
tic group during serial follow-up. All femoral and tibial 
components in both groups were well fixed without loos-
ening, and no obvious tibial insert polyethylene wear was 
observed at the final follow-up.

Regarding postoperative complications, periprosthetic 
joint infections were observed in five and two patients in 
the septic and aseptic groups, respectively. All patients 
were treated with a two-stage revision procedure. No 
revision surgery was needed for any other reason such 
as aseptic loosening, component malalignment, liner 
wear, instability, or stiffness. Periprosthetic fracture of 

the femoral shaft was observed in one and two patients in 
septic and aseptic groups, respectively. All patients were 
treated with plate and screw fixations. Kaplan–Meier 
survivorship analysis with re-revision of either com-
ponent as an endpoint in the septic and aseptic groups 
was estimated at 86.5% (95% confidence interval 83.3% 
to 89.7%) and 95.5% (95% confidence interval 92.3% to 
98.7%) chances of 10-year survival, respectively (Fig. 3).

Discussion
This study aimed to compare the functional outcomes, 
activity levels, mortalities, implant survival rates, and 
complications of revision TKA in a contemporary cohort 
of patients with septic loosening compared to aseptic 
loosening at a minimum of 10  years of follow-up. The 
most important finding of the present study was that 
revision TKA in patients with septic loosening showed 
worse functional outcomes and higher rates of mortality 
and revision at a minimum of 10 years follow-up.

Prediction of functional outcome after revision TKA 
might provide insights to better manage patient expecta-
tions. Meek et al. [14] reported that revision surgery for 
infection was associated with reasonable function and 
satisfaction scores at a mean follow-up of 3.4 years. Patil 
et al. [15] reported that patients undergoing revision for 
an infected TKA had better functional outcomes at a 
mean follow-up of 3.3 years compared to those with revi-
sion for aseptic reasons. However, it is difficult to evalu-
ate the long-term outcomes from these studies because of 
the short-term follow-up periods. Other studies reported 
that the results of revision TKA after infection were less 
favorable than those of revision TKA after aseptic rea-
sons [5, 16, 17]. In this study, at a minimum of 10 years 
follow-up, revision TKA in patients with septic loosening 
remained associated with worse functional outcomes. It 
is reasonable to conclude that patients with infected TKA 
might have a limited range of motion and experience 

Table 2  Comparison of mortality, Koval grade, and Knee Society 
Score between septic and aseptic groups

f/u: follow up

Septic group Aseptic group p-value

3 years 0/36 (0%) 0/42 (0%)

6 years 3/36 (8.3%) 1/42 (2.4%)

10 years 7/36 (19.4%) 3/42 (7.1%)

Mortality at final f/u 7/36 (19.4%) 3/42 (7.1%) 0.102

Koval grade at final f/u < 0.05

 I 13 26

 II 4 4

 III 3 5

 IV 6 3

 V 2 0

 VI 1 0

 VII 0 1

Post-operative

 Knee Society knee score 65.3 ± 21.1 76.8 ± 15.6 < 0.05

 Function score 62.5 ± 20.2 73.1 ± 17.2 < 0.05

Table 3  Comparison of mortality between studies

References Number of patients Mean follow-up (year) Mortality Other

Choi and Bedair [18] 88 (septic)
88 (aseptic)

4 18% (septic)
3% (aseptic)

Yao et al. [22] 1370 (septic)
1740 (aseptic)

10 47% (septic)
34% (aseptic)

15 years:
73% (septic)
60% (aseptic)

Matar et al. [23] 309 (septic)
945 (aseptic)

10 31.3% (septic)
19.8% (aseptic)

17 years:
33.9% (septic)
25.0% (aseptic)

Present study 36 (septic)
42 (aseptic)

11.8 19.4% (septic)
7.1% (aseptic)
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more pain after two-stage reimplantation procedures 
which may affect knee function.

In this study, the 19.4% mortality rate after TKA in 
patients with septic loosening was higher than the 7.1% 
of patients with aseptic loosening at a minimum follow-
up period of 10 years. The higher mortality rate observed 
in the septic group is consistent with the study reported 
by Choi and Bedair [18], who reported that mortal-
ity after septic revision was six-fold higher than that of 
aseptic revision (18% vs. 3%) at a mean follow-up of four 
years. Although direct comparison of mortality between 
studies is difficult because of differences in demographic 
data such as age, sex, medical comorbidity, and ethnic 
difference, mortality after revision TKA in patients with 
septic loosening is higher than that of patients with asep-
tic loosening (Table 3).

The present study showed that the re-revision rate 
due to recurrence of infection was higher in septic 
than in aseptic patients. The incidence of infection fol-
lowing primary TKA has a reported range of 1% to 2% 
[19]; however, reinfection rates after two-stage revision 
procedures occurred in up to 19% of surgeries [20, 21]. 

These findings correspond with outcomes of this study 
for long-term follow-up. The rates of re-revision in our 
study were 13.5% in septic patients and 4.5% in aseptic 
patients over 10 years.

This study has several limitations. First, our study was 
retrospective and performed in a cohort of prospec-
tively followed patients. Second, because few patients 
underwent revision TKA at a single center, the results 
might not be generalizable. Third, in the mortality rate 
analysis, consideration for other medical comorbidi-
ties was scarce, which can substantially impact mortal-
ity in elderly populations. Therefore, we were not sure 
whether infection itself contributed to mortality rates 
or whether medical comorbidities were related to mor-
tality rates. Fourth, we did not include patients with re-
surgery due to instability and stiffness in the analysis 
considering that low numbers would limit the accuracy 
of comparison. Lastly, this study was not a single-sur-
geon series; however, all surgeons were high-volume 
knee surgeons and used the same surgical technique 
and consistent perioperative protocols. The strength 
of this study is in the long-term clinical outcomes after 

Fig. 2  Kaplan–Meier survival analysis of mortality comparing the septic group (black) and aseptic group (blue)
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revision TKA in patients with septic loosening com-
pared with aseptic loosening.

In conclusion, revision TKA in patients with septic 
loosening showed worse functional outcomes and higher 
mortality at a minimum follow-up period of 10  years 
compared to that in patients with aseptic loosening. 
Therefore, patients with septic loosening should be 
counseled appropriately before revision surgery so that 
they have reasonable expectations about post-surgery 
outcomes.

Abbreviations
TKA: Total knee arthroplasty; SD: Standard deviation; f/u: Follow up.

Acknowledgements
Not applicable.

Authors’ contributions
CHN, J-HB: writing and revision of article. SCL, HJ, HSA: data collection. J-W: 
statistical analysis. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of Himchan 
hospital. All patients provided written informed consent to use their medical 
records in advance.

Consent for publication
Authors agree to publication. This manuscript has not been published in any 
journal.

Competing interests
Each author certifies that he or she has no commercial association (e.g. con‑
sultancies, stock ownership, equity interest, patent, licensing arrangements, 
etc.) that might pose a conflict of interest in connection with the submitted 
article.

Author details
1 Joint & Arthritis Research, Department of Orthopaedic Surgery, Himchan 
Hospital, 120, Sinmok‑ro, Yangcheon‑gu, Seoul, Republic of Korea. 2 Depart‑
ment of Orthopaedic Surgery, Nowon Eulji Medical Center, Eulji University, 
Seoul, Republic of Korea. 

Fig. 3  Kaplan–Meier survival analysis of implant comparing the septic group (black) and aseptic group (blue)



Page 7 of 7Baek et al. J Orthop Surg Res          (2021) 16:624 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Received: 15 June 2021   Accepted: 30 September 2021

References
	1.	 Delanois RE, Mistry JB, Gwam CU, Mohamed NS, Choksi US, Mont MA. 

Current epidemiology of revision total knee arthroplasty in the United 
States. J Arthroplasty. 2017;32(9):2663–8.

	2.	 Hamilton DF, Howie CR, Burnett R, Simpson AHRW, Patton JT. Deal‑
ing with the predicted increase in demand for revision total knee 
arthroplasty: challenges, risks and opportunities. Bone Joint J. 
2015;97-B(6):723–8.

	3.	 Bozic KJ, Kurtz SM, Lau E, Ong K, Chiu V, Vail TP, et al. The epidemiology 
of revision total knee arthroplasty in the United States. Clin Orthop Relat 
Res. 2010;468(1):45–51.

	4.	 Khan M, Osman K, Green G, Haddad FS. The epidemiology of failure 
in total knee arthroplasty: avoiding your next revision. Bone Joint J. 
2016;98-B:105–12.

	5.	 Van Kempen RWTM, Schimmel JJP, Van Hellemondt GG, Vandenneucker 
H, Wymenga AB. Reason for revision TKA predicts clinical outcome: 
prospective evaluation of 150 consecutive patients with 2-years followup. 
Multicenter Study Clin Orthop Relat Res. 2013;471(7):2296–302.

	6.	 Koh IJ, Kim TK, Chang CB, Cho HJ, In Y. Trends in use of total knee 
arthroplasty in Korea from 2001 to 2010. Clin Orthop Relat Res. 
2013;471(5):1441–50.

	7.	 Losina E, Thornhill TS, Rome BN, Wright J, Katz JN. The dramatic increase 
in total knee replacement utilization rates in the United States cannot be 
fully explained by growth in population size and the obesity epidemic. J 
Bone Joint Surg Am. 2012;94(3):201–7.

	8.	 Hardeman F, Londers J, Favril A, Witvrouw E, Bellemans J, Victor J. 
Predisposing factors which are relevant for the clinical outcome after 
revision total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc. 
2012;20(6):1049–56.

	9.	 Baker P, Cowling P, Kurtz S, Jameson S, Gregg P, Deehan D. Reason for revi‑
sion influences early patient outcomes after aseptic knee revision. Clin 
Orthop Relat Res. 2012;470(8):2244–52.

	10.	 Renz N, Yermak K, Perka C, Trampuz A. Alpha defensin lateral flow test 
for diagnosis of periprosthetic joint infection: not a screening but a 
confirmatory test. J Bone Joint Surg Am. 2018;100(9):742–50.

	11.	 Koval KJ, Aharonoff GB, Rosenberg AD, Bernstein RL, Zuckerman JD. 
Functional outcome after hip fracture. Effect of general versus regional 
anesthesia. Clin Orthop Relat Res. 1998;348:37–41.

	12.	 Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clini‑
cal rating system. Clin Orthop Relat Res. 1989;248:13–4.

	13.	 Insall JN, Hood RW, Flawn LB, Sullivan DJ. The total condylar knee pros‑
thesis in gonarthrosis. A five to nine-year follow-up of the first one hun‑
dred consecutive replacements. J Bone Joint Surg Am. 1983;65(5):619–28.

	14.	 Meek RMD, Masri BA, Dunlop D, Garbuz DS, Greidanus NV, McGraw R, 
et al. Patient satisfaction and functional status after treatment of infection 
at the site of a total knee arthroplasty with use of the PROSTALAC articu‑
lating spacer. J Bone Joint Surg Am. 2003;85(10):1888–92.

	15.	 Patil N, Lee K, Huddleston JI, Harris AHS, Goodman SB. Aseptic versus 
septic revision total knee arthroplasty: patient satisfaction, outcome and 
quality of life improvement. Knee. 2010;17(3):200–3.

	16.	 Barrack RL, Engh G, Rorabeck C, Sawhney J, Woolfrey M. Patient satisfac‑
tion and outcome after septic versus aseptic revision total knee arthro‑
plasty. J Arthroplasty. 2000;15(8):990–3.

	17.	 Bose WJ, Gearen PF, Randall JC, Petty W. Long-term outcome of 42 knees 
with chronic infection after total knee arthroplasty. Clin Orthop Relat Res. 
1995;319:285–96.

	18.	 Choi HR, Bedair H. Mortality following revision total knee arthroplasty: a 
matched cohort study of septic versus aseptic revisions. J Arthroplasty. 
2014;29(6):1216–8.

	19.	 Kurtz SM, Ong KL, Lau E, Bozic KJ, Berry D, Parvizi J. Prosthetic joint infec‑
tion risk after TKA in the Medicare population. Clin Orthop Relat Res. 
2010;468(1):52–6.

	20.	 Cochran AR, Ong KL, Lau E, Mont MA, Malkani AL. Risk of reinfection 
after treatment of infected total knee arthroplasty. J Arthroplasty. 
2016;31:156–61.

	21.	 Yu Q, Luo M, Wu S, Lai A, Sun Y, Hu Q, et al. Comparison of infection 
eradication rate of using articulating spacers containing bio-inert 
materials versus all-cement articulating spacers in revision of infected 
TKA: a systematic review and meta-analysis. Arch Orthop Trauma Surg. 
2019;139(5):695–707.

	22.	 Yao JJ, Hevesi M, O’Byrne MM, Berry DJ, Lewallen DG, Kremers HM. Long-
term mortality trends after revision total knee arthroplasty. J Arthroplasty. 
2019;34(3):542–8.

	23.	 Matar HE, Bloch BV, Snape SE, James PJ. Septic revision total knee 
arthroplasty is associated with significantly higher mortality than aseptic 
revisions: long-term single-center study (1254 patients). J Arthroplasty. 
2021;36:2131–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Poor outcomes of revision total knee arthroplasty in patients with septic loosening compared to patients with aseptic loosening
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Level of evidence: 

	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


