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Background and purpose — Characteristics of patients 
receiving total knee arthroplasty (TKA) and prostheses used 
vary between regions and change with time. How these prac-
tice variations influence revision remains unclear. We com-
bined registry data for better understanding of the impact of 
variation, which could potentially improve revision rates.

Patients and methods — We used data from 2003 
to 2019 for primary TKA from arthroplasty registries of 
Sweden (SKAR), Australia (AOANJRR), and Kaiser Perma-
nente (KPJRR). We included 1,072,924 TKA procedures for 
osteoarthritis. Factors studied included age, sex, ASA class, 
BMI category, prosthesis constraint, fixation, bearing mobil-
ity, patellar resurfacing, and polyethylene type. Cumulative 
percentage revision (CPR) was calculated using Kaplan–
Meier estimates, and unadjusted Cox hazard ratios were used 
for comparisons. Random-effects generic inverse-variance 
meta-analytic methods were used to determine summary 
effects.

Results — We found similarities in age and sex, but 
between-registry differences occurred in the other 7 fac-
tors studied. Patients from Sweden had lower BMI and ASA 
scores compared with other registries. Use of cement fixation 
was similar in the SKAR and KPJRR, but there were marked 
differences in patellar resurfacing and posterior stabilized 
component use. Meta-analysis results regarding survivorship 
favored patients aged ≥ 65 years and minimally stabilized 
components. There were inconsistent results with time for 
sex, fixation, and bearing mobility, and no differences for the 
patellar resurfacing or polyethylene type comparisons.

Interpretation — Marked practice variation was found. 
Use of minimally stabilized and possibly also cemented and 
fixed bearing prostheses is supported.

Total knee arthroplasty (TKA) prosthesis survivorship is 
> 95% at 10 years (1-3). TKA revision rates vary according 
to the region (4,5) and over time (1,6). However, how these 
differences affect revision rates remains unclear, or whether 
improvement is possible choosing certain TKA attributes.

Patient factors that influence TKA survivorship include age 
(5,7), sex (8), obesity (9,10), and comorbidity (11,12). Key 
prosthesis factors are prosthesis constraint (13,14), bearing 
mobility (15,16), fixation method (17,18), patellar resurfacing 
(19,20), and polyethylene type (21,22). 

Randomized trials are unsuitable for studying these factors, 
as strict inclusion/exclusion criteria and use of standardized 
prostheses may complicate generalizability. Registry studies 
are limited by prosthesis choice confounding, and difficulty 
in assessing each factor’s influence. Propensity score match-
ing and instrumental variable analysis are methods to reduce 
selection bias, but these may still not control for unmeasured 
confounding, or fit the assumption of instrument and outcome 
independence (23,24).

Considerable practice variability exists among specialist TKA 
surgeons both within and between countries (25,26). An example 
is patellar resurfacing rates, which varied from 4% in Norway 
to 82% in the USA (27). These differences provide opportunity 
to explore variables that may influence prosthesis survivorship 
(a “natural experiment”) (28). Combining data may balance 
distortions resulting from differential prosthesis use, enhancing 
understanding of the relationship between these factors and revi-
sion rates. Sharing even de-identified patient data is often not 
possible due to data ownership regulations and concerns regard-
ing privacy and data security. Using a meta-analytic approach to 
pool registry data has proven utility, being shown to be similar 
to individual patient-level data analysis (29).
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In a previous study we found inter-registry differences 
regarding reasons for knee replacement revision and theorized 
this was related to patient selection and prosthesis choice (30). 
This study (i) documents regional and temporal variation in 
primary TKA practice across 3 registries between 2003 and 
2019 and (ii) uses a meta-analytic technique to determine the 
influence of each factor on the risk of revision. 

Patients and methods

We obtained aggregate annual data for the period January 
1, 2003 until December 31, 2019 for all primary TKA pro-
cedures recorded in the Swedish Knee Arthroplasty Register 
(SKAR), the Australian Orthopaedic Association National 
Joint Replacement Registry (AOANJRR), and the Kaiser Per-
manente Joint Replacement Registry (KPJRR). Only TKA for 
osteoarthritis (OA) was included. Partial knee arthroplasties, 
revision TKA, and TKA for pathologies other than OA were 
excluded. The completeness of these registries exceeds 95% 
and loss to follow-up was less than 8% over the study period. 
Validation and quality control methods of these registries have 
been published (2,31,32). 

There were 1,072,924 primary TKA for OA included 
(188,290 from the SKAR, 663,982 from the AOANJRR, and 
220,652 from the KPJRR). Patient factors recorded were age, 
sex, ASA score, and body mass index (BMI). As the SKAR 
and AOANJRR began collecting ASA and BMI data at later 
time points, these categories permitted limited analyses. 

We analyzed 5 prosthesis factors. Prosthesis constraint was 
divided into minimally stabilized (MS) (those that have a flat or 
dished tibial articulation, regardless of congruency), posterior 
stabilized (PS) (implants that provide posterior stability using 
a peg and box design), fully stabilized (FS) (implants with a 
large peg and box design designed to give some collateral as 
well as posterior stability), and hinged (implants with a hinge 
mechanism to link the femoral and tibial components). Fixation 
was cemented (both femoral and tibial components cemented), 
cementless (both components inserted without cement), and 
hybrid (tibial or femoral component only cemented). Bearing 
mobility was either mobile (inserts designed to move relative 
to the tibial base-plate) or fixed (components designed not 
to move relative to the tibial base-plate). Patellar resurfacing 
components were either used or not used. Polyethylene type 
was ultra-high molecular weight polyethylene (UHMWPE), 
highly cross-linked (XLPE, classified as ultrahigh molecular 
weight polyethylene that has been irradiated by high dose (> 
50 kGy) gamma or electron beam radiation) and highly cross-
linked polyethylene with antioxidant (combining vitamin E 
and Covernox; DePuy Synthes. Warsaw, IN, USA) (XLPE + 
AntiOx). The proportions of the alternatives for these catego-
ries were calculated and trends assessed over time.

For the meta-analyses, either the measure was dichoto-
mized or, if there were more than 2 alternatives for a factor, 

the 2 most common categories were selected for analysis. This 
approach minimized the number of comparisons. Age was 
divided into < 65 years and compared with ≥ 65 years of age. 
For analysis of ASA, scores 1 and 2 were combined to com-
pare those with no or mild systemic disease with those with 
severe disease (ASA scores 3 and over). For BMI, the non-
obese group (with a BMI < 30) were compared with the obese 
(BMI ≥ 30). For the analyses of prosthesis constraint, mini-
mally stabilized were compared with posterior stabilized (as 
fully stabilized and hinged prostheses made up less than 1% 
of primary TKA), cement fixation was compared with cement-
less fixation (as hybrid fixation was rarely used in the SKAR 
and KPJRR), and for polyethylene type XLPE and XLPE + 
AntiOx were combined for comparison with UHMWPE.

 
Statistics
Kaplan–Meier estimates of survivorship were used to report 
the time to revision, with censoring at the time of death and 
closure of each dataset at the end of December 2019. Patients 
in the KPJRR were also censored if they ended membership 
with the healthcare plan. The cumulative percentage revision 
(CPR) rates, with 95% confidence intervals (CI), were calcu-
lated using point-wise Greenwood estimates. For each registry, 
hazard ratios (HR) were calculated from Cox models to com-
pare the rate of revision between groups. In order to combine 
the hazards, knowing that these ratios can vary with time, we 
used unadjusted ratios calculated for each pair of variables of 
interest at 5, 10, and 15 years from surgery. All tests were two-
tailed and 0.05 was the significance threshold. Analyses were 
performed using SAS version 9.4 (33) for the AOANJRR and 
KPJRR data, and STATA release 15 (34) for the Swedish data.

We used software from R (Version V.3.1.2) (35) using the 
General Package for Meta-analysis for the generic inverse-
variance method for calculating a total treatment effect at each 
time-point for each variable. The random-effects models were 
used for all analyses and 95% confidence intervals (CI) are 
presented as are 95% prediction intervals. Heterogeneity was 
determined by both Tau2 and I2. 

Ethics, data sharing, funding, and potential conflicts 
of interest 
Ethics approval covering the SKAR data use was approved 
by the Ethics Board of Lund University (LU20-02). The 
AOANJRR is a declared Commonwealth of Australia Qual-
ity Assurance Activity under section 124X of the Health 
Insurance Act, 1973. All AOANJRR studies are conducted in 
accordance with ethical principles of research (Helsinki Dec-
laration II). Approval for inclusion of data from the Kaiser 
Permanente Joint Replacement Registry Institutional Review 
Board (#5488) was granted on November 15, 2018. A data 
sharing agreement for the purpose of this study was finalized 
on December 10, 2020 by the directors of the SKAR, AOAN-
JRR, and KPJRR. There was no funding. There are no con-
flicts of interest.
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Results
Overall results
The age and sex of TKA patients were similar between reg-
istries. There was a higher proportion of TKA patients in 
Sweden with no or mild systemic disease and without obesity 
(Table 1).

Prosthesis factors showed greater variation. Minimally 
stabilized prostheses were used in 93% of TKA in Sweden, 
73% in Australia, but in only 30% in the KPJRR. Surgeons in 
the KPJRR preferred PS prostheses in 67% of TKA. Cement 
fixation of both components was favored in 96% and 94% of 
procedures in the SKAR and KPJRR, but in only 59% in the 
AOANJRR. The remaining cases in Australia were hybrid 
(tibial component cemented) (22%) or cementless (18%). All 
registries had over 80% fixed bearing use. Patellar resurfac-
ing showed greatest variation: 4% in the SKAR, 98% in the 
KPJRR, and 57% in the AOANJRR. UHMWPE was used in 
the majority of procedures in all countries (Table 2).

Time-related trends
In all registries, the mean age of TKA recipients initially 
showed a small decline but a minor increase in the last 3–4 
years. There was a reduction in the percentage of females in 
all registries with time (Figure 1). 

The major difference between Sweden and the KPJRR for 
the use of MS TKA persisted with little change, while the pro-

portion in Australia varied from 67% to 83%. The use of PS 
TKA varied between 57% and 70% in the KPJRR, rose from 
17% to 32% in Australia until 2010 but declined to 19% in 
2019, while in Sweden PS use remained below 9% for the 
entire period. Cement fixation was consistently used in > 93% 
and > 88% of TKA in the SKAR and the KPJRR respectively, 
while increasing in the AOANJRR from 44% to 68%. 

Mobile bearing prostheses have never been popular in 
Sweden, used in a maximum of 2% of procedures, while a 
decline in the use with time was observed in both Australia 
and the KPJRR. The patellar resurfacing tendency remained 
low in Sweden (11% falling to 2%), while in the KPJRR patel-
lar component use was consistently high (over 97%). In Aus-
tralia, patellar resurfacing rose from 44% to 73%. There was a 
trend for increased use of XLPE (Figure 2). 

Meta-analysis of patient and prosthesis factors
Meta-analysis showed a higher revision risk associated with 
age < 65 years, with increasing summary hazard ratios over 
time (HR 1.6 at 5 years, HR 2.0 at 10 years, and HR 2.2 at 
15 years). Males showed a higher risk of revision compared 
with females in the first 5 years (HR 1.2), but after this no 
difference was observed. Patients with severe systemic dis-
ease showed a higher risk of revision at 5 years compared 
with patients with no or mild systemic disease (HR 1.3), as 
did obese patients when compared with non-obese (HR 1.2). 
The prediction interval for each of these analyses contained 1
 (Figure 3, see Supplementary data). 

Table 1. Summary of patient factors for TKA for OA 2003–2019 by 
registry. Values are count (%) unless otherwise specified  
      
       
  SKAR AOANJRR KPJRR
  n = 188,290 n = 663,982 n = 220,652
       
Sex    
 Males 79,230 (42) 291,208 (44) 84,937 (38)
 Females 109,060 (58) 372,774 (56) 135,715 (62)
Mean age (SD) 69.5 (8.9) 68.5 (9.1) 67.6 (8.9)
Age groups    
 < 55 11,164 (5.9) 43,508 (6.6) 15,915 (7.2)
 55–64 47,111 (25) 177,066 (27) 65,693 (30)
 65–74 74,830 (40) 263,105 (40) 88,065 (40)
 ≥ 75 55,185 (29) 180,303 (27) 50,979 (23)
ASA from 2009 from 2013  from 2003
 1 24,112 (18) 20,306 (5.7) 3,431 (1.6)
 2 88,804 (65) 188,640 (53) 124,206 (56)
 3 22,426 (16) 128,551 (36) 73,502 (33)
 4 249 (0.2) 3,672 (1.0) 1,769 (0.8)
 5 9 (0.0) 10 (0.0) 13 (0.0)
 Missing 1,348 (1.0) 14,891 (4.2) 17,731 (8.0)
BMI from 2009 from 2015 from 2003
 Underweight 214 (0.2) 439 (0.2) 393 (0.2)
 Normal 24,483 (18) 25,581 (9.6) 25,849 (12)
 Pre-obese 58,839 (43) 77,407 (29) 69,110 (3.1)
 Obese 1 38,000 (28) 76,861 (29) 66,968 (30)
 Obese 2 11,565 (8.4) 42,505 (16) 37,882 (17)
 Obese 3 2,436 (1.8) 26,499 (10) 14,524 (6.6)
 Missing 1,411 (1.0) 16,641 (6.3) 5,926 (2.7)

Table 2. Summary of prosthesis factors for TKA for OA by registry. 
Values are count (%) 
    
       
  SKAR AOANJRR KPJRR
  n = 188,290 n = 663,982 n = 220,652
       
Prosthesis constraint
 Minimally stabilized 175,667 (93) 487,626 (73) 66,489 (30)
 Posterior stabilized 11,340 (6.0) 172,530 (26) 146,780 (67)
 Fully stabilized 758 (0.4) 2,519 (0.4) 3,210 (1.4)
 Hinged 470 (0.2) 1,133 (0.2 64 (0.0)
 Missing 55 (0.0) 174 (0.0) 5,009 (2.3)
Fixation  
 Both cemented 180,220 (96) 389,650 (59) 208,391 (94)
 Both cementless 7,424 (3.9) 120,616 (18) 3,746 (1.7)
 Tibia only cemented 136 (0.1) 147,232 (22) 6,387 (2.9)
 Femur only cemented 277 (0.1) 6,484 (1.0) 357 (0.2)
 Missing 233 (0.1) 0 (0) 1,771 (0.8)
Bearing mobility    
 Fixed 186,680 (99) 539,194 (81) 202,426 (92)
 Mobile 1,461 (0.8) 124,614 (19) 13,208 (6.0)
 Missing 149 (0.1) 174 (0.0) 5,018 (2.3)
Patellar component    
 Used 7,975 (4.2) 375,409 (57) 215,924 (98)
 Not used 180,315 (96) 288,573 (44) 4,728 (2.1)
Polyethylene type    
 UHMWPE 162,648 (86) 395,665 (60) 147,384 (67)
 XLPE 24,473 (13) 230,781 (35) 36,750 (17)
 XLPE + AntiOx. 495 (0.3) 37,255 (5.6) 24,156 (11)
 Missing 674 (0.4) 281 (0.0) 12,362 (5.6)
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Prosthesis factor meta-analysis showed a higher risk of 
revision for PS TKA compared with MS (HR 1.4 at 5 years 
and HR 1.3 at both 10 years and 15 years) at all time-point 
comparisons. Cementless fixation gave a higher risk of revi-
sion compared with cemented fixation (HR 1.3 at both 5 years 
and 15 years) but no risk difference at 10 years. Mobile bear-
ing TKA had a higher risk of revision compared with fixed 
bearing at 5 years (HR 1.6) but at 10 and 15 years there was 
no observed difference. Analysis of patellar component use 
showed no observed difference in risk of revision with or 
without patellar resurfacing. There was no revision risk dif-
ference associated with the use of XLPE when compared with 
UHMWPE, but limited data allowed analysis only to 10 years. 
Only for the analysis of fixation at 5 years did the prediction 
interval not include 1 (Figure 4, see Supplementary data).

Discussion

We described the international and time-related similari-
ties and differences in primary TKA surgery between 3 dis-
tinct registries. Similarities were seen with age and sex, but 
between-registry differences occurred in the other 7 factors 
studied, with prosthesis constraint and patellar component use 
showing the greatest diversity. There were common trends 
over time for increased use of fixed bearing prostheses and 
XLPE inserts. Meta-analysis showed consistent findings for 
survivorship favoring patients aged ≥ 65 years and minimally 
stabilized components. There were findings favoring female 
sex, cement fixation, and fixed bearing components at some 
of the time comparisons, and no differences at any time were 
shown with analyses of patellar component use or polyethyl-
ene type. 

Previous studies comparing registry-recorded character-
istics have been limited to a comparison of 2 areas (36), or 
a localized region, such as the Nordic Arthroplasty Regis-
ter Association (37,38). Others have extracted data from the 
annual reports from different registries (39) or used a distrib-
uted data network (14,15). Previous meta-analytic approaches 
using registry data have been used to assess the overall revi-

sion rate (40) or individual factors such as fixation (41), but 
there has been no previous study of multiple factors. 

The patient-related meta-analytic summary findings regard-
ing lower revision risk favored age ≥ 65 years, those with no 
or mild systemic disease, and those considered non-obese. 
The concordance of individual registry results for these fac-
tors suggests reliability of these findings. Younger age is a 
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Figure 1. Time-related trends in patient factors in TKA for OA for each 
registry.
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known risk for TKR revision. Obesity was shown in a sys-
tematic review to have a higher all-cause and septic revision 
risk (9). The relationship of comorbidity to revision has been 
shown to relate not just to obesity, but also to iron-deficiency 
anemia and liver disease (11). We found female sex was asso-
ciated with a lower risk of revision at 5 years, consistent with 
studies showing males with a higher early risk of revision 
related to infection (8,42).

The finding in favor of lower risk of revision using MS com-
ponents was strongest in Sweden where these designs were 
used for over 90% of TKA. A higher rate of revision with 
PS prostheses was also seen in the KPJRR where PS com-
ponents were far more popular, and in Australia where there 
was mixed use of both constraint types. The similarity of the 
findings despite the usage differences increases the weight of 
this evidence. While there has been persistent debate regard-
ing prosthetic constraint, with some claiming no difference in 
revision rate (43), our results are consistent with the claim of 
superiority of the MS designs (13,44).

Cement fixation gave a lower risk of revision when com-
pared with cementless fixation at 5 and 15 years. Cement may 
protect against early migration and revision for loosening (45). 
Cement fixation for TKA has been termed the “gold standard” 
and has consistently been reported to be superior to cement-
less fixation (18,37,46). However, there has been support for 
the contrary viewpoint (17).

While there were differences between registries, mobile 
bearing prostheses overall had a higher risk of revision com-
pared with fixed bearing at 5 years, but showed no difference 
at 10 and 15 years. This difference may be explained by bear-
ing dislocation and instability that occur early in the mobile 
group (47). Mobile bearings were used in less than 20% 
of TKA in all registries during the study period. Our study 
endorses the trend to declining use of these designs, and con-
firms the results of previous studies (15,48,49).

Analysis of patellar resurfacing showed divergent usage and 
revision results. In the KPJRR, where patellar resurfacing is 
commonplace, revision risk analyses favored patellar com-
ponent use, but the converse was found in the SKAR where 
the usual practice of not resurfacing was shown to have lower 
revision rates. In the AOANJRR, where patellar component 
use varied, there were lower revision rates at 5 and 10 years 
with patellar resurfacing, but no difference at 15 years. While 
some studies have shown lower early revision rates with patel-
lar resurfacing, there are concerns about wear and loosening in 
the longer term (19,20,50).

XLPE use increased in all registries, but we observed 
no revision risk difference with its use compared with 
UHMWPE. Results showed a wide variation at 5 years 
with XLPE giving a lower revision risk in Australia, but 
UHMWPE gave better revision results in Sweden. These 
analyses most likely reflect results of limited prostheses that 
offer XLPE. Of note is the increased use, which seems to 
be market-driven, rather than a response to registry-recorded 

outcomes. A “no difference” finding for all-cause revision is 
consistent with other studies (51,52).

With some analyses, low usage of certain types of prosthe-
ses resulted in higher revision rates with that choice, and this 
may reflect selective use in difficult or specific clinical set-
tings, limited prosthesis selection, or lack of familiarity with 
the procedure. This could explain some of the differences in 
the magnitude of hazard ratios. 

Among the registries studied there was considerable hetero-
geneity, as in all but 2 of the 22 meta-analyses the measure 
of heterogeneity (I2) was 70 or above. As each registry uses 
similar approaches to data collection and analysis, there is 
little methodological difference, and so the heterogeneity seen 
in this study would relate to clinical diversity. According to 
Cochrane methodology (53), heterogeneity should diminish 
the certainty of the findings. However, we argue that where 
there are consistent findings despite differences in populations 
studied this should strengthen the validity of the results. The 
finding of heterogeneity also led to use of the random-effects 
models for meta-analysis. An advantage of the random-effects 
model, when compared with the fixed-effects model, is that the 
number of procedures each registry contributes has a smaller 
influence on the results, diminishing potential inequality from 
the larger volume Australian registry. For comparisons (other 
than fixation at 5 years) the prediction interval assessments 
cast some uncertainty on the findings. This interpretation sug-
gests that there may be circumstances in which the alternative 
to a favored factor has the better outcome. 

There are a number of limitations of this study. Only 3 reg-
istries were included, and more robust conclusions could be 
drawn by the inclusion of even more data. Analysis of obser-
vational data can be affected by unmeasured confounding. We 
studied only 9 factors relating to TKA surgery, and there are 
other factors, such as patient activity levels or surgeon experi-
ence, that influence revision rates in addition those studied. 
Each factor was analyzed independently but there may be 
interaction between the factors studied, such as different rates 
of revision with PS and MS prostheses without patellar com-
ponent use. Also, consistent with other registry studies, revi-
sion was the chosen outcome measure, but different results 
might have been found with other measures, such as those 
assessing function or satisfaction. We have used all-cause 
revision rates, and it is possible that if more focused reasons 
for revision were used (such as revision for loosening when 
analyzing fixation) different results could be found. Also, the 
comparisons considered prosthesis factors as distinct groups, 
but there are known prosthesis-specific performance differ-
ences (54). In addition, with some factors studied there was 
insufficient follow-up to allow analysis at all time points.

Why surgeons use specific prostheses for knee replace-
ment surgery is poorly understood. A multi-national survey of 
TKA surgeons found “lowest registry revision risk” only rated 
10th out of 17 attributes regarding prosthesis choice (26). It is 
hoped that, as evidence regarding the factors related to TKA 
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revision increases, there will be a parallel increase in the influ-
ence that registry results have on surgeon choices. 

In conclusion, while patient factors have little potential for 
change, altered prosthesis selection can possibly increase TKA 
survivorship. Our study suggests that the use of minimally 
stabilized, and possibly also fixed bearing prostheses, used 
with cement fixation result in a lower risk of revision. These 
styles are already common in the SKAR, but patients from the 
AOANJRR and the KPJRR may benefit from increased choice 
of these designs. Further study is required to assess the influ-
ence of patellar resurfacing and XLPE use. 
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Figure 4. Prosthesis factors meta-analysis.
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Dear colleagues and friends of the Knee Society
It is with a sad heart that I am writing to inform you of the 
passing of my friend and mentor, Otto Robertsson. Otto 
passed away suddenly in his home town of Reykjavik, Ice-
land, on Saturday, October 2nd. He was 68 years old and is 
survived by his dear wife Elin, his three daughters, and his 
four grandchildren, all of whom he adored.

Otto attended medical school in Aarhus, Denmark, from 
which he graduated as an MD in 1982. After returning to Ice-
land for a few years he then moved to Sweden for specialist 
training and received authorization as an orthopaedic surgeon 
in 1989. He started working at the University Hospital in 
Lund in 1990 and soon became involved in the Swedish Knee 
Arthroplasty Register (SKAR). Otto managed the SKAR, 
since 1996, for almost 25 years. Under his leadership the reg-
ister became a well-respected and preeminent arthroplasty 
register with international recognition. As early as 1997, 
Otto was a pioneer in initiating PROMs data collection in the 
SKAR. It was with these efforts that I first met Otto and had 
the great privilege to study at his side. We published numerous 
papers together under his vision and direction. 

Otto was the general secretary of the Icelandic Orthopae-
dic Society in 2003-2011, represented Iceland in EFORT and 
was the congress president of both the Nordic Orthopaedic 
Federation and the 7th congress of International Society of 
Arthroplasty Registries (ISAR) in Reykjavik 2018. Otto was 
a founding member and passionate supporter of ISAR. His 
efforts and outstanding contributions were recognized in 2020 
when he received the ISAR Lifetime Achievement Award; a 
fitting recognition of his lasting and impactful contributions 
to registry science.

In 2000 Otto defended his doctoral thesis (PhD) “The Swed-
ish Knee Arthroplasty Register – Validity and Outcome” at 
Lund University. He authored over 100 publications, mostly 
based on register work, many of them in high impact jour-
nals. Otto was a frequent lecturer at national and international 
orthopaedic conferences. He was involved in several PhD 
studies including SKAR data over the years. Otto was inter-
nationally well respected and was granted membership in the 
Knee Society in 2012.

Otto had a deep knowledge of modern statistical methods 
and was an excellent scientific writer, only accepting per-
fection before submitting a study for publication. He was a 
rigorous methodologist, a keen debater, and frankly, a bril-
liant mind. Despite his most impressive accomplishments, he 
shunned the spotlight and accolades and was a role model of 
humility.

Otto loved his family summer house in Iceland where he 
shared time with his beloved family and friends. He was well 
known for his smoked salmon that he caught in the glacial 
river by his summer house and hay smoked on his property. 
He enjoyed nature and sharing a good whiskey or cognac with 
friends, ideally shared with his salmon or a roasted leg of Ice-
landic lamb. 

Otto was a gracious and generous friend with a huge heart. 
I, like so many others, will miss him deeply for having left us 
too soon but my heart swells and a smile comes to my face 
when I reflect back on the many great moments we shared. I 
am a better person for having known him and I will personally 
remember him by doubling my efforts to be a better surgeon-
scientist, and more importantly, a better friend.

Please take the time to spare a moment of reflection for Otto. 
Also, take a moment to reach out and say hi to your friends as 
life is short and friends are so precious. I miss you deeply and 
will remember you always, my dear friend.

Michael Dunbar 

Otto smoking salmon in his smoke house at his summer home in Ice-
land, August, 2021.


