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Abstract

Background New equipment and techniques often are
used in clinical practice, occasionally without evidence of
effectiveness and safety.

Questions/purposes We asked whether the stage of
introduction of an endoprosthesis model for TKA affected
the risk of early revision.

Methods We studied mandatory registry data from
all centers in Finland (n = 69) that performed TKAs for
primary osteoarthritis between 1998 and 2004. Of the
total of 23,707 patients (28,760 TKAs), 22,551 patients
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(27,105 TKAs) had a followup of 5 years; we excluded
longer followup from the analysis as subsequent revisions
might result from wear rather than early technical failures.
We used proportional hazards modeling for calculating the
hazard ratios for the first 15 operations and subsequent
increments of numbers of operations while adjusting for
potentially confounding variables.

Results  For the first 15 operations with a new endopros-
thesis, the risk was elevated (hazard ratio, 1.48; 95%
confidence interval, 1.14-1.91). Absolute risk increase of
early revision for the first 15 patients was 1.7% (95%
confidence interval, 0.7-2.7). The risk was not increased as
the numbers of TKAs incrementally performed increased.
Conclusions Our data show an increased risk of early
revision surgery for the first patients obtaining a knee
endoprosthesis model previously unused in the hospital.
Patients should be informed if there is a plan to introduce a
new model of endoprosthesis in the hospital and offered the
possibility to choose a conventional endoprosthesis instead.
Although introducing potentially better endoprostheses is
important, there is a need for managed introduction of new
technology.

Level of Evidence Level 1, prognostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

TKA 1is an established treatment for patients with severe
osteoarthritis (OA) of the knee [1]. At this time, there are
numerous brands and models of endoprostheses available
on the market and new models are likely to emerge because
of the drive for new technology and marketing, and the
incidence of TKA is increasing [7, 13, 19, 22]. Hospital
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managers and orthopaedists make important decisions
when choosing the implants and instruments to be used and
these decisions carry consequences to patients’ health.

Based on comparisons of implant survival, the endo-
prosthesis has an effect on the risk for revision surgery [8,
21, 30, 32]. Although the principles of TKA are relatively
constant, instrumentation of implants, like resecting guides
and cutting blocks, differ and surgeons must be familiar
with the particular instrumentation of each model he or she
uses. When implementing computerized navigation or a
minimally invasive technique in TKA, some studies have
documented a learning curve effect [14, 16, 20, 23]. It
could be expected that there would be a learning curve in
conventional TKAs as well and that the learning process is
related to every brand of endoprosthesis introduced for the
first time in a hospital, not just to the first TKAs performed
by the surgeon. However, no reliable scientific data exist to
confirm this assumption.

We therefore asked whether the first patients operated
on with any endoprosthesis type in a hospital have a higher
revision rate than patients whose implants are conventional
in the hospital. As a secondary analysis, the risk of early
revision owing to characteristics related to the operation,
patient, and hospital was assessed.

Patients and Methods

We identified all 23,707 patients, from the Finnish
Arthroplasty Register (FAR), who underwent a total of
28,760 primary TKAs owing to OA between January 1,
1998, and December 31, 2004. The register contains
information from all primary and revision TKAs performed
in Finland since 1980 on joint level from every arthroplasty
producer in the country. Reporting for entry in the implant
and discharge register is mandatory. One thousand one
hundred fifty-six patients (with 1655 operations) who
underwent 28,760 TKAs and had missing data for endo-
prosthesis model (either femoral or tibial component model
name missing) or fixation technique were excluded. These
exclusions left 22,551 patients who had 27,105 TKAs in
the data with 5 years of followup or who died before
5 years (Table 1). There were 1000 revisions in the data.
Altogether 34 femoral and 27 tibial endoprosthesis models
were introduced in the study population contributing to 34
compound introductions. In 66 of the total of 69 hospitals,
there were 339 new endoprosthesis introductions
between1998 and 2004. The followup was restricted to
5 years as later revisions more likely might be as a result of
normal wear.

We linked individuals® data in FAR from 1998 through
2009 and hospital discharge register from 1987 through
2009 using personal identification codes. The coverage and
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reliability of the registers are of a very high standard [10,
18, 29]. We also linked the Death Statistics of Statistics
Finland to the data to take into consideration censoring of
patients and special reimbursements (from the register of
the Social Insurance Institution) of the patients from 1995
through 2004 to add information regarding their long-term
medications to complete the medical histories. We used the
discharge and arthroplasty registers to track all revisions
performed. We obtained the number of every endopros-
thesis model used between January 1, 1980, and December
31, 1997, for every hospital separately for femoral, tibial,
and patellar components from the FAR. Using knee-
specific data of the arthroplasty register from January 1,
1998, to December 31, 2004, for each knee arthroplasty in
this period we defined the prostheses parts’ ordinal number
in the operating hospital. We included only primary TKAs
performed for primary OA in the final study data. Bicom-
partmental and tricompartmental primary TKAs are
included. Neither minimally invasive techniques nor
computer-assisted navigation techniques were used during
the study period. The data are knee-specific.

We numbered the chronological sequence of insertion
(ie, ordinal numbers) of femoral, tibial, and patellar com-
ponents for all knee arthroplasties in each hospital
separately, but in the analysis, patellar component ordinals
were not taken into account. Usually, the femoral and tibial
components define each other and components rarely are
mixed. The compound ordinal number used in the model is
the minimum of the femoral and tibial component ordinals
(less used in hospital). This reflects our view that the less
used component defines the unfamiliarity associated with
the prostheses during the operation and initiates the
learning curve.

The personal identification number enables the accrual
of the followup data for each individual from the registers
and tracking of all revisions that occurred in 5 years from
the primary TKA. Revisions are reliably recorded in reg-
isters and they are an accepted outcome measure in
register-based TKA research [31, 33]. In this study, inser-
tion of a patellar component after the primary operation is
considered to be a revision.

We classified the operations with respect to the ordinal
number into five classes: Group A (Operations 1-15),
Group B (16-30), Group C (31-50), Group D (51-100),
and Group E (over 100). We compared the cases in
Group A to D with those in Group E. We used Cox’s pro-
portional hazard model [5] to compare the groups so
censoring because of deaths and timing of the revision could
be taken into account. Because we knew the dates of the
primary and revision surgeries, we used the time in days from
the primary surgery to revision or censoring as the dependent
variable. Censoring happened when 5 years of followups
ended or the patient died, whichever came first.
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Table 1. Characteristics of the primary TKAs

Characteristic Number % of Characteristic Number % of TKAs
of TKAs TKAs of TKAs
Sex Endoprosthesis ordinal
number group
Male 7657 28.2% Group A (operations 1 to 15) 2006 7.4%
Female 19,448 71.8% Group B (16 to 30) 1403 5.2%
Group C (31 to 50) 1462 5.4%
Age Group D (51 to 100) 2926 10.8%
Median age, 72 (median) 32-97 Group E (over 101) 19,308 71.2%
years (range) (range)
Morbidities Endoprosthesis use and
specialization
Coronary disease 4411 16.3% Femoral models per 100 TKAs 4.6
(ICD-10: 120-125) in hospital (average) (average)
Chronic obstructive 3074 11.3% Arthroplasty share of all 11.2%
pulmonary disease operations in hospital
and asthma (ICD-10:
J44-J46)
TKA share of arthroplasty 41.1%
operations in hospital
Operation
Bilateral 2283 8.4% Femoral model
Cemented 25,452 93.9% Duracon 10,086 37.2%
Cementless 560 2.1% AGC V2 5945 21.9%
Hybrid 1093 4.0% PFC Sigma 3527 13.0%
Patellar resurfacing 8061 29.7% Nexgen® CR 1559 5.8%
Bone grafts 308 1.1% Arge 1303 4.8%
Intravenous prophylactic 26,706 98.5% Nexgen® LPS 1290 4.8%
antibiotics
Length of stay, 8.6 Maxim Primary 854 3.2%
average (days) (average)
PFC Sigma Stabilizer 815 3.0%
Annual number of knee Duracon Stabilizer Box 349 1.3%
arthroplasties in hospital
Less than 51 2127 7.8% Genesis 11 165 0.6%
51 to 150 11,879 43.8% PFC 147 0.5%
151 to 300 8014 29.6% Maxim PS 135 0.5%
More than 300 5085 18.8% AGC V2 Stabilizer 121 0.4%
Search Evolution 116 0.4%
Duracon Modular Total 110 0.4%
Stabilizer
Search 109 0.4%
Other models 474 1.7%

ICD-10 = International Classification of Diseases, 10th Revision; Duracon, Stryker Howmedica, Mahwah, NJ, USA; PFC Sigma, DePuy,
Warsaw, IN, USA; Nexgen®), Zimmer Inc, Warsaw, IN, USA; AGC V2, Biomet UK Ltd, South Glamorgan, UK; Arge, Implantcast GmbH,

Vs

Buxtehude, Germany; Maxim, Biomet Orthopaedics, Warsaw, IN, USA; Genesis II, Smith & Nephew, Memphis, TN, USA; Search, Aesculap

AG, Tuttlingen, Germany.

We extensively adjusted for potentially confounding
factors. In the final model, the patient’s gender, age, and
comorbid diseases (coronary disease, chronic obstructive
pulmonary disease [COPD], and asthma) were included. As
operation-related variables, we included cementing,

patellar component insertion, bone graft use, intravenous
antibiotic prophylaxis, bilaterality, femoral model (if at
least 100 operations with the model in the data; models
with less than 100 operations in the data were placed in
‘other models’), ordinal number group, and the length of
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stay. In addition, for each calendar year, hospital-level
variables that possibly affect the outcome of primary sur-
gery (TKA share of hospital arthroplasty volume,
hospital’s femoral title use per 100 TKAs, average length
of stay after TKA, hospital knee arthroplasty volume) were
constructed. All regressors in the model were fixed, ie,
considered time-independent. The final model was strati-
fied on gender and classified age (younger than 50, 51-60,
61-70, 71-80, and older than 80 years) to allow men and
women of different ages a different baseline hazard func-
tion. The proportional hazard assumption was investigated
by testing for a nonzero slope in a generalized linear
regression of the scaled Schoenfeld residuals on functions
of time [11]. The global test of proportionality was non-
significant (p = 0.0759).

Results

The first 15 implementations (in Group A) had a 1.48-fold
risk (p = 0.003) for revision surgery when compared with
Group E (Table 2) after adjusting for all baseline charac-
teristics. The learning curve smoothed quickly: the revision
hazard was not increased for Groups B to D. The absolute
risk for revision in Group A was 5.3% and in Group E,
3.6%. Thus, the absolute risk increase was 1.7% (95%
confidence interval, 0.7%-2.7%), and number needed to
harm is 59 (ie, 1/0.017).

The smoothed hazard functions of the different stages of
introduction show that the hazard for early revision of the
knee is elevated for the first 15 operations with a new
endoprosthesis model in a hospital (Fig. 1). Overall, the
risk for early revision is greatest during the first 2 years
after the primary TKA. Also, the difference in hazard for
early revision between the stages of introduction is greatest
during the early years of the followup.

Characteristics of the patients being among the first 15 in
a hospital (Group A) to get a new endoprosthesis model and
the patients operated on with an endoprosthesis that had been
used at least 100 times in the hospital (Group E) differed. The
patients in Group A were slightly older (71.1 versus
70.5 years; p < 0.001) and there were relatively fewer males

Table 2. Risk for revision surgery in the four stages of endopros-
thesis introduction

Stage of introduction Hazard 95% confidence
ratio* interval

Group A (operations 1-15) 1.48 1.14-1.91

Group B (16-30) 0.97 0.71-1.33

Group C (31-50) 0.85 0.61-1.17

Group D (51-100) 1.14 0.93-1.40

Group E (over 100) 1.00

* Adjusted with all factors that are listed in Table 1.
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(25.3% versus 28.7%; p = 0.001) than in Group E. A
same-day bilateral operation was less common in Group A
(5.4% versus 9.0%; p < 0.001) as was the insertion of a
patellar component (25.0% versus 30.4%; p < 0.001).
None of the operation-related explanatory variables
were statistically significantly related to early revision
(Table 3). Of the femoral models, two models (PFC Sigma;
DePuy, Warsaw, IN, USA) (Nexgen CR; Zimmer Inc,
Warsaw, IN, USA) had lower and two models (Duracon
Stabilizer Box; Stryker Howmedica, Mahwah, NJ, USA)
(Search, Aesculap AG, Tuttlingen, Germany) had higher
overall hazard for early revision than the reference model
(Duracon). Coronary artery disease and COPD or asthma
were associated with an increased hazard for early revision
surgery (Table 4). The longer the patient’s length of stay in
the surgical department, the greater the risk of early revi-
sion. The higher the TKA share of total arthroplasty
volume in a hospital, the lower the early revision risk.

Discussion

Based on comparisons of implant survival, the endopros-
thesis model has an effect on the risk for revision surgery
[8, 21, 30, 32]. Although the principles of TKA are rela-
tively constant, instrumentation of implants, like resecting
guides and cutting blocks, differ and surgeons must be
familiar with the particular instrumentation of each model
he or she uses. At this time, there are numerous endo-
prosthesis brands and models available on the market and
new models are likely to emerge because of the drive for
new technology and its marketing, and because the inci-
dence of TKA is increasing [7, 13, 19, 22]. Hospital
managers and orthopaedists make important decisions
when choosing the implants and instruments to be used and
these decisions carry consequences to patients’ health.

Hazard rate
1

.00001 .00002 .00003 .00004 .00005
1

T T T
0 500 1000 1500 2000
Days after primary TKA

Operations 1 to 15
Operations 31 to 50
=== Operations 101-

Operations 16 to 30
----- Operations 51 to 100

Fig. 1 The smoothed hazard function of early revision after primary
TKA in different stages of endoprosthesis introduction during the 5 years
of followup in a population-based study of 27,105 TKAs as shown.
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Table 3. Results of the Cox proportional hazards model

Table 4. Results of the Cox proportional hazards model

Variable (reference) Hazard 95% CI Variable (reference) Hazard 95% CI
ratio* ratio®
Bilateral operation (unilateral) 0.94 0.75-1.18 Patient specific
Cementless (cemented) 0.86 0.50-1.48 Coronary disease (no 1.27 1.07-1.50
Hybrid (cemented) 1.21 0.89-1.63 coronary disease)
Patellar resurfacing (no patellar 0.92 0.79-1.06 COPD and asthma (no COPD 1.27 1.06-1.51
resurfacing) or asthma)
Antibiotic prophylaxis (no 0.78 0.49-1.23 Length of stay 1.06 1.04-1.07
intravenous antibiotic Hospital specific
prophylaxis) TKA share of arthroplasty 0.42 0.19-0.97
Bone grafts (no bone grafts) 0.96 0.54-1.71 ops
Femoral model, manufacturer Femoral models per 100 0.99 0.97-1.01
[years when introductions TKAs
in hospitals] Length of stay, average 0.98 0.94-1.03
Duracon, Stryker [199872004] 0.94 0.80-1.11 Less than 51 total knee 1.25 0.86—1.80
AGC V2, Biomet [1998-2004] arthroplasties per year
PFC Sigma, DePuy 0.66 0.52-0.84 51 to 150 total knee 1.23 0.97-1.57
(1998, 1999, 2001-2004] arthroplasties per year
Nexgen® CR, Zimmer 0.54 0.37-0.78 151 to 300 total knee 1.25 0.98-1.58
[1998-2004] arthroplasties per year
Arge, Implant Cast [1998-2002] 0.86 0.60-1.24 Over 300 total knee 1.00
Nexgen LPS, Zimmer 0.89 0.63-1.27 arthroplasties per year
[1999-2004] B . . .
Maxi . . ’ 4 * Adjusted with all factors that are listed in Table 1; COPD =
axim Primary, Biomet 09 0.64-1.33 chronic obstructive pulmonary disease.
[1998-2000, 2002, 2004]
PFC Sigma Stabilized, 0.68 0.42-1.09 first patients operated on with any endoprosthesis type in a
DePuy [1998-2004] hospital have a higher revision rate than patients whose
Duracon Stabilizer Box, 1.85 1.22-2.81  implants are conventional in the hospital and, secondarily,
Stry. ker [199§_2004] whether the characteristics related to the operation, patient,
Ge[nlegsgl; 112,0?)21]1111’1 & Nephew 0.26 0.06-1.05 " 41d hospital were associated with risk of early revision.
There are some limitations that need to be considered.
PFC, DePuy [1998] 0.89 0.40-2.02 . .
) . First, because there usually was more than one model in
Maxim PS, Smith & Nephew 1.47 0.72-3.02 . hh ital 1d ifv th
[1998, 2001, 2004] use 1n ea'c ospital, We could not guantl y t e true amognt
AGC V2 Stabilized, Biomet 125 053097  Of technical changfa linked t.o the 1ntr0d}10t10n of a partic-
[1998-2004] ular endoprosthesis. That is, a new implant could be
Search Evolution, Aesculap 0.20 0.03-1.52 substantially similar to the previously used implants but not
AG [2001, 2002] reflect essential changes in technology or surgical diffi-
Duracon Modular TS, Stryker 2.06 0.98-4.36  culty. Thus, our data might underestimate the risk for early
[1998-2004] revision regarding major changes in the surgical technique.
Search, Aesculap AG [1998] 2.51 1.20-5.24  However, the 7-year study covers an entire population of
Other models 0.94 0.59-1.52

* Adjusted with all factors listed in Table 1.

There might be a learning curve that is related to every
endoprosthesis brand introduced for the first time in a
hospital, not just to the first TKAs performed by the sur-
geon. However, no reliable scientific data exist. The ability
to identify the stage of introduction of an endoprosthesis
model for each patient in a nationwide population provides
unique data. The personal identification number allows
linking of hospital discharge register data with implant
register data individually for patient comorbidities, opera-
tion details, and outcome. We therefore asked whether the

patients with OA undergoing TKAs and the findings reflect
ordinary healthcare practice. Further, the analysis was
performed on a large number of operations and variety of
endoprostheses. The register-based approach enables
accurate followup of the patients with a minimal number of
dropouts. The findings are plausible given the learning
curve in surgery and probably are generalizable to any
setting. Second, the degree of pain relief and disability
varies after TKA [3, 6, 12, 28], and our data might
underestimate the harmful effects of introducing an endo-
prosthesis model, ie, there might be patients who still have
pain and disability after failed TKAs but not enough to
warrant revision surgery. The most common causes for

@ Springer



1716  Peltola et al.

Clinical Orthopaedics and Related Research®

TKA revision surgery are aseptic loosening, wear, insta-
bility, infection, fracture, and malalignment [4, 12]. These
postoperative problems induce pain and disability. Most of
the revisions in our data were performed during the first
2 years of the followup, a phenomenon also found by
Sharkey et al. [34]. Third, we considered insertion of a
patellar component after the primary TKA to be a revision.
This is justified, although it is not uncommon to attempt to
solve postoperative pain resulting from TKA component
malpositioning by inserting a patellar component. We do
not have reliable data for the reasons for revisions. How-
ever, it is probable that the main finding of our study is the
result of the learning curve effect of implementation of
endoprostheses. We consider it unlikely that deficiencies in
the quality of the hardware (quality or design of the
endoprostheses) biased the study because we adjusted for
the models. Fourth, some patient characteristics were
unavailable in the register, like BMI and physical activity.
In a systematic review by Gillespie and Porteous [9], there
was some evidence for an increased risk for early implant
failure among obese subjects. However, in a study of 9735
patients undergoing TKAs, no such risk was found [2].
Furthermore, in clinical practice, we believe it is improb-
able that obesity is a decisive factor when choosing
between endoprosthesis models. There is some evidence of
no correlation between physical activity and early revision
[15, 26]. It is unlikely that physical activity would bias our
estimates, because age and physical activity are correlated
and age was adjusted for in our model. The characteristics
of the patients operated on with a recently implemented
endoprosthesis differed slightly from the characteristics of
the patients operated on with a model that had been used in
the hospital more than 100 times. We think that these small
differences have no clinical importance. Adjusting for
endoprosthesis model was essential to control for patient-
related factors that were not available in register data (ie,
degree of arthrosis, preoperative malalignment). The
5-year revision hazards of models shown in Table 3 may
reflect patient-related need for specific endoprosthesis type
and differences in learning curve. We are aware that the
models might have different learning curves, but were not
able to analyze the learning curve individually for each
endoprosthesis model. Fifth, hospital arthroplasty volume,
surgical expertise, and annual surgeon’s caseload might
decrease revision risk, but the evidence is inconclusive [17,
24,25, 27, 35, 36]. We controlled for hospital arthroplasty
volumes in the analyses. The register data do not show who
operated on each patient. Sixth, we could not analyze the
effect of different operative techniques. Surgeons differ in
their skills and caseloads, and this could have an effect on
revision risk. For instance, in the case of an experienced
surgeon moving to another hospital, he or she might begin
in the new hospital with the old and familiar prostheses for
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him- or herself but not used at the new hospital and by its
team. However, this might shift the revision risk of intro-
ductions downward.

Our data confirm that introduction of an endoprosthesis
model in a hospital puts the first patients at greater risk of
revision surgery. The effect is substantial for the first
15 patients (Group A) who are operated on with implantation
of a new endoprosthesis model because their adjusted rela-
tive risk is 1.48 times greater than that of patients having
implantation of a conventional model (Group E).

Our data show there is an increased risk of early revision
surgery for the first patients obtaining a knee endopros-
thesis model previously unused in a hospital. Patients
should be informed if there is a plan to introduce a new
model and offered the possibility to choose a conventional
endoprosthesis instead. Surgeons should be aware of the
risks and preferably practice beforehand with the new
model using, eg, cadavers or plastic bone models. Units
performing arthroplasties might consider introducing
endoprosthesis models. Although introducing potentially
better endoprosthesis models is important, there is a need
for managed uptake of new technology.
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