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Background and purpose — Patients having a knee
arthroplasty revision for the indication “pain without loosening” may have a higher risk of re-revisions than patients
revised for other indications. The primary aim of this study
was to compare the survival of knee arthroplasties revised
for “pain without loosening” compared with “aseptic loosening.” The second was to investigate the prosthesis survival rates in 3 surgical subgroups (total knee arthroplasty
(TKA)–TKA; partial revision (revision of tibial or femoral
component); unicompartmental knee arthroplasty–TKA)
and to compare the prosthesis survival rates for 1997–2009
and 2010–2018.
Patients and methods — 4,299 revisions were identified in the period 1997–2018 from the Danish Knee Arthroplasty Register. Of these, 1,111 (26%) were performed due
to “pain without loosening” without any other indications,
674 (16%) due to “pain without loosening” combined with
other indications, and 2,514 (59%) due to “aseptic loosening”. Survival analysis was performed by a Cox multivariate
analysis and Kaplan–Meier curves were presented.
Results — The cumulated proportions of re-revision
after 2, 5, and 20 years were 12% (95% CI 10–14), 18%
(CI 16–20), and 23% (CI 20–25) for “pain without loosening” versus 11% (CI 9.3–12), 16% (CI 14–17), and 19% (CI
18–21) for “aseptic loosening.” There were no statistically
significant differences between the 2 indications in repeated
analyses for each of the surgical subgroups. The hazard ratio
for re-revision comparing “pain without loosening” with
“aseptic loosening” was 1.03 (CI 0.87–1.2). The 8-year risk
of re-revision for “pain without loosening” was 22% (CI
19–26) versus 22% (CI 20–25) for “aseptic loosening” in the
period from 1997–2009, and 18% (CI 15–22) versus 14%
(CI 13–16) in the period from 2010–2018.

Interpretation — The risk of re-revision was similar for
patients having a knee arthroplasty revision for the indication “pain without loosening” compared with “aseptic loosening.” However, we observed a slight improvement of
prosthesis survival rates after revisions for both indications
from 1997–2009 to 2010–2018. We cannot recommend for
or against revision in cases with “pain without loosening”
based on these data alone.

The number of primary knee arthroplasties—and the number of
revisions—is expected to increase over the next decades (1). Up
to 20% of patients experience some degree of knee pain after
a primary total knee arthroplasty (TKA) and an even higher
proportion after revision knee arthroplasty (2–6). Petersen et al.
reported persistent pain in 47% of patients after a revision TKA
for any indication compared with 19% after a primary TKA (6).
Revision TKA on the grounds of unexplained pain is generally not recommended (3,6,7). Revision TKA in the absence of
knee pathology may not relieve pain, and it may result in worse
outcome and higher rates of re-revision than for TKA revision
for more established indications such as “aseptic loosening.”
Re-revision TKA rates of 12–27% have been reported (8–11),
but survival rates after revision TKA for various indications
are unknown. Pain is available as an indication for TKA revision in most national orthopedic registries.
Although the number of TKA revisions is expected to increase,
better outcomes are also expected due to improvements in revision surgery because of organizational changes in the healthcare
system, including enhanced recovery programs, greater surgical
experience with revision surgery, and technical developments
such as improved bone substitution and fixation (12).

© 2021 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing
third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes,
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The primary aim of this study
was to compare the prosthesis
survival rates after TKA revision
for the indication “pain without
loosening” versus the indication
“aseptic loosening.” Secondary
aims were to investigate the prosthesis survival rates in four surgical subgroups (TKA–TKA, partial
revision, unicompartmental knee
arthroplasty (UKA)–TKA, secondary patellar button) and to compare
the prosthesis survival rates for
1997–2009 and 2010–2018.

Patients and methods
This study is a nationwide retrospective cohort study of prospectively collected data from the
Danish Knee Arthroplasty Register
(DKR) and the Danish National
Patient Register (DNPR). The
RECORD guidelines for reporting
of routinely collected, observational data were followed.

Table 1. Characteristics of TKA revisions for 2 selected indications between 1997 and 2018.
Values are count (%) unless otherwise specified
Pain without loosening
without other
with other
indications
indications
TKA revisions
1,111 (26)
Female sex
709 (64)
Mean age at 1st revision (range)
63 (29–92)
Age groups
≥ 80 years
60 (5)
70–79 years
275 (25)
60–69 years
362 (33)
50–59 years
277 (25)
< 50 years
137 (12)
Mean age at primary knee
arthroplasty (CI)
60 (60–61)
Charlson Comorbidity Index
0 (low risk)
839 (76)
1–2 (medium risk)
239 (21)
≥ 3 (high risk)
33 (3)
Surgical subgroups
1. Total revision TKA–TKA
365 (33)
2. Partial revision
127 (11)
4. UKA–TKA
477 (43)
5. Secondary patellar button
142 (13)
Total number of re-revisions
252 (23)
Years from 1st to 2nd revision (CI)
3.4 (2.9–3.8)

Aseptic
loosening

Total

674 (16)
2,514 (58)
428 (63)
1,533 (61)
65 (32–88)
66 (22–96)

4,299 (100)
2,670 (62)
65 (22–96)

62 (9)
200 (30)
217 (32)
137 (20)
58 (9)

381 (9)
1,211 (28)
1,461 (34)
900 (21)
346 (8)

62 (61–63)
508 (76)
137 (20)
29 (4)

259 (11)
736 (29)
882 (35)
486 (19)
151 (6)
62 (61–62)
1,513 (60)
812 (32)
189 (8)

61 (61–62)
2,860 (66)
1,188 (28)
251 (6)

283 (42)
1,649 (66)
2,297 (53)
67 (10)
480 (19)
674 (16)
140 (21)
385 (5)
1,002 (23)
184 (27)
–
326 (8)
128 (19)
476 (19)
856 (20)
4.5 (3.8–5.3) 2.9 (2.6–3.2)
3.3 (3.1–3.6)

TKA = total knee arthroplasty; UKA = unicompartmental knee arthroplasty.

Data sources
Data on all knee arthroplasty revisions registered for the indications “pain without loosening” or “aseptic loosening” in the
period January 1, 1997 to December 31, 2018 was collected
from the Danish Knee Arthroplasty Register (DKR). DKR is
a nationwide clinical database that has collected data on primary and revision knee arthroplasties in Denmark since 1997
(13). All hospital orthopedic departments (including private
hospitals) report pre- and intraoperative data to the database.
In 2018, the completeness of the register was 98% for primary
arthroplasties and 95% for revision arthroplasties (14).
We obtained information on diagnosis and procedure codes
from the Danish National Patient Registry (DNPR) for 1987
to 2018. The DNPR is an administrative registry established
in 1977 that holds information on all hospital contacts in Denmark (15,16). Patients can be identified by their social security
number—a personal unique 10-digit code that also enables
linkage between registries. Information on patient characteristics including age, sex, and Charlson comorbidity index
(CCI) were obtained from the DNPR (Table 1). The burden
of comorbidities for each patient was estimated by the CCI,
using the DNPR ICD-8 and ICD-10 diagnostic codes for the
10-year period up to the date of the first revision (Table 2,
see Supplementary data). We classified patients into 3 groups
according to their burden of comorbidities: CCI of 0 (low),
CCI 1–2 (medium), or CCI ≥ 3 (high).

Participants
The study cohort comprised patients undergoing first-time
TKA revision for the indications “pain without loosening” or
“aseptic loosening” (control group). Patients who underwent
bilateral revision were included in the study.
We defined surgical subgroups according to the type of
prosthesis removed and the type of prosthesis inserted at the
first revision. We included subgroup 1 (TKA–TKA), subgroup 2 (partial revision), subgroup 4 (unicompartmental
knee arthroplasty (UKA)–TKA), and subgroup 5 (secondary
patellar button). The included subgroups comprised numbers
of revisions appropriate for further analysis and the types of
revisions all included change of components, which is considered relevant for this study. We excluded subgroup 3 (liner
exchange), subgroup 6 (UKA–UKA), subgroup 7 (hemicap),
subgroup 8 (exchange of patellar button), subgroup 9 (all
components removed), and subgroup 10 (spacer–TKA). The
excluded subgroups comprised small numbers of revisions or
did not include change of components, and were therefore not
considered relevant to compare with the other subgroups. Furthermore, we excluded subgroup 5 (secondary patellar button)
in combination with the indication “aseptic loosening” as
these cases were considered to be misclassified in the register.
After exclusion of surgical subgroups and removal of duplicate records, 4,299 revisions were included in the study. Of
these 1,111 (26%) were included on the indication “pain without loosening” without any other indications, 674 (16%) on
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Number of revisions

Revision knee arthroplasties registered in DKR for
“pain without loosening” and “aseptic loosening”
1997–2018
n = 6,667

300

250

Excluded
Not first-time revisions
n = 991

Aseptic loosening
Pain without other indications
Pain with other indications

200

150

First-time revisions
n = 5,676

100

Excluded (n = 981):
– revisions for both indications, 64
– revisions with no patient-ID, 14
– revisions on indication “aseptic loosening”
with other indications, 903
First-time revisions for the indication
“pain without loosening” and “aseptic loosening”
n = 4,695
Excluded (n = 396):
– subgroup 3 (liner exchange), 233
– subgroup 6 (UKA–UKA), 82
– subgroup 7 (hemicap–UKA/TKA), 55
– subgroup 9 (all components removed), 26
First-time revisions eligible for analysis (n = 4,299):
– “pain without loosening” without other indications, 1,111
– “pain without loosening” with other indications, 674
– “aseptic loosening” without other indications, 2,514

Figure 1. Flowchart of TKA revision cases identified and included in
the study analysis.

the indication “pain without loosening” combined with other
indications, and 2,514 (58%) on the indication “aseptic loosening” without any other indications.
For survival rate analysis TKA revisions were divided into 2
time groups, 1997–2009 and 2010–2018. 2009 was set as the
cutoff point in order to have 2 almost equal sizes of groups for
the analysis.
Outcomes
We extracted data from the DKR on all the re-revisions that
were undertaken. Re-revisions registered in the DNPR on the
procedure codes KNGU0-1 and KNGC0-9 were also obtained
to ensure complete follow-up.
Statistics
The risks of re-revision at 2, 5, 10, 15, and 20 years are presented as cumulated proportions calculated as percentages
with 95% confidence intervals (CI). The proportion were calculated both by indication (“pain without loosening” with and
without other indications and “aseptic loosening”) and by surgical subgroups (for “pain without loosening” without other
indications and “aseptic loosening”).
Survival analysis was performed using the Cox regression
model to estimate the effect of the primary exposure variable
“indication” on the outcome crude failure of revision knee
arthroplasties, with adjustment for the covariates age groups,
CCI, sex, and surgical subgroups. The estimates are presented

50

0
1997

2002

2007

2012

2017

Figure 2. Incidence of TKA revision surgery for indications of “pain
without loosening” with and without other indications and “aseptic loosening” without other indications. Data source = Danish Knee Arthroplasty Register, 1997–2018.

as hazard ratios. To meet the model assumptions, data must
be independent. The data of the unilaterally revised patients
were assumed to be independent, but the data of bilaterally
revised patients were assumed to be dependent. We adjusted
for dependency by applying adjustment of the standard error
for clustered data to our model. The model was tested for proportionality of hazards.
We used a Cox model to estimate the effect on the outcome
“re-revision” for the secondary covariates age group, CCI,
sex, and surgical subgroups when controlled for the primary
exposure “indication” by the regression, calculated as hazard
ratios. We present survival of knee arthroplasties as Kaplan–
Meier curves. The level of statistical significance was set at
0.05 for all analyses.
The statistical software package Stata version 16.0 was used
(StataCorp, College Station, TX, USA).
Ethics, funding, and potential conflicts of interest
The study was approved by the Danish Data Protection Agency
(Journal no. 19/14416). Ethical approval was not needed as
the study was non-interventional. The study was conducted in
accordance with the Declaration of Helsinki. The study was
funded by the Danish Rheumatism Association. The authors
have no competing interests to declare.

Results
6,667 TKA revisions for the selected indications were identified in the DKR between 1997 and 2018 (Figure 1). The revisions were performed on 4,183 patients. 116 patients were
bilaterally revised. The mean patient age for TKA revisions
undertaken for “pain without loosening” (63 years; 29–92)
was lower than that for TKA revisions undertaken for “aseptic
loosening” (66 years; 22–96), p < 0.001, but the proportion of
men and women was broadly similar (Table 1). 856 knees had
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Table 3. Cumulated proportion of TKA re-revision after 2, 5, 10, 15, and 20 years by surgical indication. Values are count and percentage (CI)
Indication

n

“Pain without loosening” without other indications
“Pain without loosening” with other indications
Aseptic loosening without other indications

1,111
674
2,514

2 years
12 (10–14)
9 (7–11)
11 (9–12)

5 years
18 (16–20)
12 (10–15)
16 (14–17)

10 years

15 years

20 years

21 (19–23)
17 (14–20)
18 (17–20)

23 (20–25)
19 (16–22)
19 (17–20)

23 (20–25)
19 (16–22)
19 (18–21)

Table 4. Cumulated proportion of TKA re-revision after 2, 5, 10, 15, and 20 years by surgical subgroup and
indications of “pain without loosening” (without other indications) and “aseptic loosening” (without other indications). Values are count and percentage (CI)
Subgroup

n

1: TKA–TKA
2,014
“Pain”		
“Aseptic loosening”		
2: Partial revision
607
“Pain”		
“Aseptic loosening”		
4: UKA–TKA
862
“Pain”		
“Aseptic loosening”		
5: Secondary patellar button 142
“Pain”		
“Aseptic loosening”		

2 years

5 years

11 (8–15)
9 (8–10)

16 (12–20)
14 (12–15)

14 (9–21)
14 (11–17)

10 years

15 years

20 years

19 (15–23)
15 (14–17)

20 (16–24)
16 (14–18)

20 (16–24)
16 (15–18)

20 (14–28)
22 (19–26)

24 (17–32)
27 (23–31)

26 (19–34)
28 (24–32)

27 (20–35)
28 (24–32)

12 (10–16)
13 (10–17)

19 (16–23)
17 (14–21)

22 (18–26)
19 (16–24)

24 (20–28)
19 (16–24)

24 (20–28)
20 (16–24)

9 (5–14)
–

18 (12–25)
–

21 (15–29)
–

23 (16–30)
–

23 (16–30)
–

TKA = total knee arthroplasty; UKA = unicompartmental knee arthroplasty.

Re-revisionfree K–M survival (%) with 95% CI
100
Aseptic loosening
Pain without other indications

75

50

25

0
0

5

10

15

20

Years from index operation

Figure 3. Kaplan–Meier survival curves with 95% confidence interval
for the indications “pain without loosening” (without other indications)
and “aseptic loosening” (without other indications).

undergone re-revision; 836 of these were identified from the
DKR and 20 from the DNPR. The proportion of re-revisions
after TKA revision was for “pain without loosening” without
other indications (n = 252, 23%), “pain without loosening”
with other indications (n = 128, 19%), and “aseptic loosening”
(n = 476, 19%).
The number of TKA revisions for “pain without loosening”
increased from 2004 to 2012 and decreased thereafter, while
revisions for “aseptic loosening” increased from 2001 to 2012
and decreased thereafter (Figure 2).

The cumulated proportions of re-revision after 2, 5, 10, 15,
and 20 years are presented in Table 3. The proportion of rerevision after 20 years was slightly higher for “pain without
loosening” without other indications (23%) than for “aseptic
loosening” (19%), with overlapping confidence intervals at all
follow-up times. This finding was unchanged when the analyses were repeated for each of the 4 surgical subgroups (Table
4 and Figure 3).
The adjusted hazard ratio (HR) risk of re-revision for “pain
without loosening” without other indications compared with
“aseptic loosening” estimated by Cox regression was 1.03
(CI 0.87–1.2). Table 5 shows the effects of the covariates
on the risk of revision adjusted for the effect of the primary
exposure “indication.” The Charlson Comorbidity score did
not influence the risk of re-revision. Subgroup 2 (partial revision) had increased risk of re-revision compared with subgroup 1 (TKA–TKA) with an HR of 1.52 (CI 1.26–1.83), p
< 0.001. Male sex and age below 60 years increased risk of
re-revision.
To estimate changes in risk of TKA re-revision over time,
the cases were divided into 2 time-periods of 1997–2009 and
2010–2018 (Tables 6, 7, and Figure 4). For both indications,
the 8-year risk of re-revision was higher in the first period
(both 22%) than in the second period (14–18%).
A Cox regression was performed to explore any differences
between the time-periods. HR for “pain without loosening”
without other indications comparing the later time-period with
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Table 5. Risk of re-revision for secondary covariates
adjusted for the effect of the primary exposure “indication”, calculated by Cox regression
Risk factor

Hazard ratio (95% CI)

Male sex
Female sex
≥ 80 years
70–79 years
60–69 years
50–59 years
≤ 50 years
CCI = 0
CCI = 1–2
CCI ≥ 3
Subgroup 1: TKA–TKA
Subgroup 2: Partial revision
Subgroup 4: UKA–TKA

p–value

1.2 (1.06–1.4)
0.01
1 reference
0.51 (0.34–0.75)
0.001
0.73 (0.59–0.90)
0.003
1 reference
1.3 (1.1–1.6)
0.01
1.9 (1.5–2.4)
< 0.001
1 reference
0.96 (0.8–1.2)
0.7
1.3 (0.87–1.9)
0.2
1 reference
1.5 (1.3–1.8)
< 0.001
1.1 (0.93–1.4)
0.2

CI = confidence interval; CCI = Charlson Comorbidity
Index; TKA = total knee arthroplasty; UKA = unicompartmental knee arthroplasty.

Re-revisionfree K–M survival (%) with 95% CI
100
Aseptic loosening 1997–2009
Aseptic loosening 2010–2018
Pain without other indications 1997–2009
Pain without other indications 2010–2018

90

80

70
0

2

4

6

8

Years from index operation

Figure 4. Kaplan-Meier curves over 2 time-periods for the
indications “pain without loosening” (without other indications) and “aseptic loosening” (without other indications).
Aseptic loosening 1997–2009 reference (HR 1); Aseptic
loosening 2010–2018: HR 0.87 (CI 0.72–1.04), p = 0.1;
Pain 1997–2009: HR 1.06 (CI 0.87–1.30), p = 0.6; Pain
2010–2018: HR 1.19 (CI 0.88–1.62), p = 0.3.

Table 6. Cumulated proportion of TKA re-revision in 2 time-periods after 2, 5,
and 8 years. Values are count and percentage (CI)
Indication

n

1997–2009
“Pain without loosening”
“Aseptic loosening”
2010–2018
“Pain without loosening”
“Aseptic loosening”

2 years

5 years

8 years

533
1,023

11 (9–14)
12 (10–14)

18 (15–22)
19 (17–21)

22 (19–26)
22 (20–25)

578
1,491

12 (10–15)
10 (8–11)

18 (15–21)
14 (12–15)

18 (15–22)
14 (13–16)

Table 7. Cumulated proportions of re-revision in 2 time-periods by subgroups
and indications “pain without loosening” and “aseptic loosening” without any
other indications. Values are count and percentage (CI)
Indication and subgroup

n

2 years

5 years

1997–2009
1,556			
Subgroup 1 (TKA–TKA)
819
“Pain without loosening”		 12 (7–18) 18 (12–25)
“Aseptic loosening”		 11 (9–13) 17 (14–20)
Subgroup 2 (partial revision)
262
“Pain without loosening” 		 15 (8–27) 20 (12–33)
“Aseptic loosening”		 12 (8–17) 25 (20–32)
Subgroup 4 (UKA–TKA)
382
“Pain without loosening” 		 10 (7–14) 18 (13–23)
“Aseptic loosening”		 15 (10–22) 18 (13–26)
Subgroup 5 (secondary
patellar button)		 93
“Pain without loosening”		 11 (6–19) 18 (12–28)
“Aseptic loosening”		
–
–
2010–2018
2,069		
Subgroup 1 (TKA–TKA)
1,195
“Pain without loosening”		 11 (7–15) 14 (10–20)
“Aseptic loosening”		
8 (6–9)
11 (9–13)
Subgroup 2 (partial revision)
345
“Pain without loosening”		 13 (7–24) 19 (11–30)
“Aseptic loosening”		 15 (11–20) 20 (16–25)
Subgroup 4 (UKA–TKA)
480
“Pain without loosening” 		 15 (11–20) 20 (16–26)
“Aseptic loosening”		 12 (9–17) 17 (12–22)
Subgroup 5 (Secondary
patellar button)
49
“Pain without loosening”		
4 (1–15) 16 (8–30)
“Aseptic loosening”		
–
–

8 years

23 (17–31)
20 (17–23)
27 (18–40)
29 (23–35)
21 (16–26)
21 (15–29)
20 (13–30)
–
15 (11–20)
12 (10–14)
19 (11–30)
22 (18–28)
21 (16–27)
17 (13–22)
18 (10–32)
–

TK = total knee arthroplasty; UKA = unicompartmental knee arthroplasty.

the earlier time-period was 1.2 (CI 0.88–1.6). HR for “aseptic loosening” comparing the later time-period with the earlier
time-period was 0.87 (CI 0.72–1.0). Thus, we did not find any
statistically significant changes in the risk of revision for “pain
without loosening” without other indications or “aseptic loosening.”
The time between the first revision and re-revision (Table 8)
was slightly longer for “pain without loosening” without other
indications (3.4 years [CI 2.9–3.8]) than for aseptic loosening” (2.9 years [CI 2.6–3.2]) (Table 1).

Table 8. Reasons for re-revision for knee arthroplasties primarily
revised for respectively “pain without loosening” and “aseptic loosening”. Values are count and percentage with [CI] in parentheses

Indication for re-revision
1. Aseptic loosening
2. Pain without loosening
3. Instability
4. Infection
5. Secondary patellar button
6. Polyethylene failure
Unknown indication

Indication for primary revision
Pain without
Aseptic
loosening
loosening
n = 252
n = 476
78 (31 [26–37])
40 (16 [12–21])
70 (28 [23–34])
15 (6 [4–10])
14 (6 [3–9])
6 (2 [1–5)
29 (11 [8–16])

159 (33 [29–38])
57 (12 [9–15])
99 (21 [17–25])
57 (12 [9–15])
18 (4 [2–6])
14 (3 [2–5])
72 (15 [12–19])
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Discussion
In this study on prosthesis survival after total knee arthroplasty
(TKA) revision, we found a slightly higher, but not statistically significant risk of re-revision after TKA revision for the
indication “pain without loosening” without other indications
compared with the indication “aseptic loosening”. Analyses
for 3 surgical subgroups showed the same tendency. To our
knowledge, this is the first study to report re-revision rates
after TKA revisions performed because of unexplained pain.
Our study findings oppose the general belief that revisions for
pain should be avoided, as the risk of re-revision was not significantly elevated. However, many other aspects than re-revision rates should be considered. The threshold for performing
a re-revision is possibly higher in patients who were initially
revised due to pain than in those revised due to aseptic loosening, resulting in lower rates of re-revision for patients with
persistent pain. Furthermore, we cannot draw any conclusions
about whether patients experienced pain relief or improved
quality of life after the revisions.
The indication “pain without loosening” can be combined
with other indications when surgeons record the event in the
DKR. According to the Australian Hierarchy of Indications,
pain is inferior to all other indications for revision (17), thus
the highest ranked indication is the dominant problem. This
may explain why “pain without loosening” combined with
other indications had a lower re-revision risk than “pain without loosening” without any other indications. The reason we
include data for the indication “pain without loosening” without other indications is to provide estimates that are unbiased
by other indications.
We investigated the risk of re-revision after TKA revision
for the indications “pain without loosening” and “aseptic loosening” over the 2 time-periods 1997–2009 and 2010–2018. We
observed an overall reduction in the proportion of re-revision
on both indications in the later time-period compared with the
earlier period, although the difference for “pain without loosening” was less pronounced than for “aseptic loosening.” The
overall reduction in re-revision risk between time-periods was
not statistically significant by the Kaplan–Meier estimates for
either indication group. However, the 8-year cumulated proportion of re-revisions for TKA-to-TKA revisions (subgroup
1) changed from 20% in the earlier period to 12% in the later
period for “aseptic loosening.” Encouragingly, this may be
interpreted as an improvement over recent years in the performance of revision knee arthroplasties, especially for TKAs
revised because of aseptic loosening.
There are limitations to this study. We are not able to present data on all index revisions performed nationwide as the
completeness of revisions in the DKR is 89%, but a complete
follow-up on re-revisions was ensured by using data from
both DKR and DNPR (completeness > 99%) (15). We have
no reason to believe that the lack of index revisions would

bias our results in any way. The study may not have enough
sample-size power to identify a statistically significant difference in the re-revision rates between the 2 indications, and no
pre-study power calculation was performed as we included all
available procedures.
The indication “pain without loosening” was itself associated with limitations. No validation of the indication has been
done. It may be an exclusion indication chosen by the individual surgeon performing the surgery when there are no other
obvious indications. No clear-cut definition of this indication
exists, and it might cover a broad spectrum of patients who
may or may not have a similar underlying problem.
Further investigations of the validity and use of this indication are warranted as well as clinical results after revisions
performed on the basis of this indication.
In conclusion, we found similar risk of re-revision for
patients having a knee arthroplasty revision for the indication
of “pain without loosening” compared with that of “aseptic
loosening.” We also did not find any differences at surgical
subgroup level. However, we found a small improvement of
prosthesis survival rates after revisions for both indications
from 1997–2009 to 2010–2018, which we interpret as an
improvement in the performance of revision knee arthroplasties. We cannot recommend for or against revision in cases
with “pain without loosening” based on these data alone.
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Table 2. Charlson comorbidity index codes ICD-8 and ICD-10
Charlson comorbidity

ICD, 8th edition

Myocardial infarction
410
Congestive heart failure
42709–10, 42719, 42899, 78249
		
Peripheral vascular disease
440–45
		
Cerebrovascular disease
430–38
Dementia
2900–1, 29309
Chronic pulmonary disease
490–93, 515–18
Rheumatologic disease
712, 716, 734, 446, 13599
Peptic ulcer disease
53091, 53098, 531–34
Mild liver disease
571, 57301, 57304
		
Diabetes without chronic complications 24900, 24906–7, 24909, 25000,
25006–7, 25009
		
Diabetes with chronic complications
24901–5, 24908, 25001–5, 25008
		
Hemiplegia or paraplegia
344
Renal disease
403–4, 580–84, 59009, 59319,
7531, 792
Any malignancy, including
leukemia and lymphoma
140–72, 174–94, 200–7, 27559
		
Moderate or severe liver disease
7000, 7002, 7004, 7006, 57300,
4560
Metastatic solid tumor
195–99
AIDS/HIV
7983
a Charlson

weight according to Quan 2011 (18).
ICD = International Classification of Diseases

ICD, 10th edition

Charlson weight a

DI121–22, DI252
DI099–110, DI130, DI132, DI255, DI420, DI425–29,
DI43, DI50, DP290
DI70–71. DI731, DI738–39, DI771, DI790, DI792,
DK551, DK558–59, DZ958–59
DG45–46, DH340, DI60–69
DF00–3, DF051, DG30, DG311
DI278–79, DJ40–47, DJ60–67, DJ684, DJ701, DJ703
DM05–6, DM315, DM32–34, DM351, DM353, DM360
DK25–28
DB18, DK700–3, DK709, DK713–15, DK717, DK73–74,
DK760, DK762–64, DK768, DZ944
DE100–1, DE106, DE108–111, DE116, DE118–21,
DE126, DE128–31, DE136, DE138–41, DE146,
DE148, DE149
DE102–5, DE107, DE112–15, DE117, DE122–25,
DE127, DE132–35, DE137, DE142–45, DE147
DG041, DG114, DG801–2, DG81–82, DG830–34, DG839
DI120, DI131, DN032–37, DN052–57, DN18–19, DN250,
DZ490–92, DZ940, DZ992
DC00–26, DC30–34, DC37–41, DC43, DC45–58,
DC60–76, DC81–85, DC88, DC90–97
DI850, DI859, DI864, DI982, DK704, DK711, DK721,
DK729, DK765–67
DC77–80
DB20–22, DB24

0
2
0
0
2
1
1
0
2
0
1
2
1
2
4
6
4

