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Abbreviations and definitions

CRR Cumulative revision rate RA Rheumatoid arthritis

CRRR  Cumulative re-revision rate Revision arthroplasty
A reoperation during which prosthetic
component(s) are either exchanged, re-
OA Arthrosis, equivalent to osteoarthri- moved or added

tis

HDPE High density polyethylene

RR Risk ratio

PAS Patient Administrative System. A da-

tabase run by Swedish health

authorities that registers hospitalSKAR  The Swedish Knee Arthroplasty Register
admissions

RSA Radiostereometric analysis

TKA Tricompartmental knee arthroplasty
PMMA quelzgethyl methacrylate (bone e UHMWPE
Ultra high molecular weight polyethyl-
Primary arthroplasty ene
The first time one or more joint sur- UKA Unicompartmental arthroplasty

faces are resurfaced with prosthetic
implant(s)
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Introduction

Historical background ston 1971, Marmor 1988). By connecting two

Arthroplasty was initially a term used for a varietyunicompartmental components, first on the femo-
of procedures aimed at reducing pain and increast side and later on the tibial side, a bicompart-
ing function of a joint, such as joint resection, armental prosthesis was created (Freeman and
throlysis and interposition. As a term for enlewack 1986), which was transformed into a tri-
doprosthetic joint replacements, it is claimed teompartmental design by adding a patellar flange.
have been introduced by Themistocles Gluck, lm 1974, Insall and Walker successfully intro-
German surgeon who used prostheses made dufced the unconstrained total condylar prosthesis
ivory for joint replacement, both in the hip andwith a metal femoral and UHMWP tibial compo-
knee, as early as 1890 (Gluck 1890). Gluck’s parent used with PMMA cement (Insall et al. 1976).
tients had joint tuberculosis, and despite encouringe prostheses were also redesigned allowing
aging initial results, problems with continued in-bi/multiaxial rotation (linked) and adapted the
fections made him soon caution against this typarinciple of low friction arthroplasty with UHM-
of surgery. Infections remained the main obstac/PE bearings.
to the further development of endoprosthetic ar- Géran Bauer (1923—-1995), professor of ortho-
throplasty and during the next 50 years, the surgbedics in Lund and later editor of the Acta Ortho-
cal treatment consisted mainly of knee arthrodesfmedica Scandinavica, realized in the early seven-
or operations with interposition of organic or inordies, that in this environment it would be impossi-
ganic materials. It was only after antiseptic an8le for an individual surgeon to base his choice of
aseptic routines were introduced that real progresptimal operative treatment on his own experi-
was made regarding joint replacement. In his clagnce. The literature at the time gave little guid-
sic article, Walldius was one of the first to reporance, since it mainly dealt with descriptions of
encouraging results of total joint replacement ofpecific methods or implants used for various con-
the knee with his hinge prosthesis, originallditions instead of comparing methods or implants
made of acrylate (Walldius 1957, reprinted 1996with respect to specific conditions. He thus be-
Other surgeons were also experimenting witbame the major promoter of initiating the Swedish
hinged knee prostheses in the 1950s, among o#tiiee arthroplasty project in 1975, at the time of
ers, Shiers who published a preliminary report inapid development of this new type of surgery.
1954. Along with the development of hinges, inThe aim was to give early warning of inferior de-
terposition arthroplasties with inorganic materialsigns and present average results based on the ex-
further developed into hemicompartmental proceperience of a whole nation instead of that of high-
dures with metal spacer blocks that could be uséyl specialized units. For this purpose a nation-
to replace the tibial joint surface. wide prospective register of knee arthroplasties—
The real advance came in the 1970s, with titbe Swedish Knee Arthroplasty Register-was
principle of low-friction arthroplasty, initially de- started in Lund.
veloped for the hip joint. Ultra high molecular
weight polyethylene (UHMWPE) parts were
made to articulate against polished metal part
fixed to bone with polymethyl methacrylate
(PMMA), for distribution of load. Initially, the disability indicating endoprosthetic
The hemiprostheses evolved into resurfacingurgery was so severe—with no suitable alterna-
unicompartmental prostheses, commonly used tive treatment—that any short-term benefit was
both the femoral and tibial compartments (Gunregarded as a success, if it did not cause later com-

%’valuation of failures
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plications for the patients. It is therefore underare normally based on the assumption that if fol-

standable that the main interest focused on failbwed, the censored cases would have behaved in
ures and complications, rather than the degree tife same way as those not withdrawn from the

benefit. study.

Early arthroplasty studies were mainly descrip- The final result of the life table analysis is an
tive where the number of complications or failuregvaluation of risk, that can be expressed as the cu-
was related to the number of implants. The probnulative probability of experiencing the terminal
lem with this types of studies was that in ordeevent with time, or as hazard, which is the risk of
to increase sample size, the operations weexperiencing the terminal event during a fixed
included during several years. This, in combinaime interval, conditional on being at risk at start
tion with the death of some patients during thef the interval.
study period, resulted in variable lengths of fol-
low-up, unclear sample sizes and misleading failthe end-point
ure rates that could not be compared to that of otk 1980, Dobbs was the first to use survivorship
er studies. Therefore, other methods for analysisethods for arthroplasties when analyzing fail-

were required. ures after hip arthroplasty. Later Tew and Waugh
(1982) used it for knee arthroplasty and so did the
Survival methods SKAR (Knutson et al. 1985, 1986). When used for

The use of survival (actuarial) methods to producarthroplasty, the terminal event is changed from
life tables began in the 17th century. These metkdeath to some defined failure.

ods allowed for varying periods of follow-up and Although commonly used, the terms success
permitted calculation of cumulative failure ratesand failure are difficult to define in the context of
over time, that could be presented in a graph. Sudrgical intervention, where the primary objec-
jects to be studied were included at differentives of a treatment can vary. Thus a postoperative
points in time and were then followed at regularesult for a given patient might be called a suc-
intervals to investigate if a defined event (terminatess, while for another it would be a failure. Even
event) occurred or not. In the medical field, surseemingly obvious failures (e.g., pain, loosening,
vival methods were initially used for following instability, wear) may be low grade and not easily
cancer patients after treatment, recording the tintkstinguished from normal postoperative condi-
interval between the treatment and death (termintns. Thus, depending on the definition of failure
event) in failed cases or to the end of the study pand the interval of follow-up, it can be difficult to
riod in successful cases. However, not all patienttecide if and when the end-point has been
can be followed until the terminal event or to theeached. The reason why revision arthroplasty has
end of the study period as some do not show uplacome the most widely used end-point is that un-
controls, can not be located or decline to particlike pain, radiological signs, range of motion or
pate. These become classified as censored cage=alth scores it can hardly be disputed if and when
The survival methods make use of the informatiothe revision occurred.

available for these patients by recording the time In spite of being easy to define, using revision
from treatment until the case was censored (lost & an end-point is not without problems, as not all
follow-up). Another mechanism of prematurepatients with clinical failure need to be offered
withdrawal occurs when patients die of reasorsurgery or can sustain surgery and the timing of
completely unrelated to that being investigatedurgery may be influenced by external causes.
(e.g., traffic accident). When evaluating a treatFurther, even when revision is used as an end-
ment, such patients are censored at the time péint indicating failure, there is a variation in the
death, in the same manner as if they had been Idigtrature regarding if all or only specific revisions
to follow-up. Thus, for cases that are lost to folshould be used as the end-point. Some authors do
low-up or die of causes unrelated to that being imot include revisions for infections in results
vestigated, the treatment is recorded as a succéBaris et al. 1991, Ritter et al. 1995), claiming that
for the time period available. The statistics usethey are not related to the durability of the im-
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plant. Similarly, revisions for other than plain me-a wider variation in success and vice versa, sur-
chanical reasons are sometimes excluded (Jordamal studies give no information on the degree of
et al. 1997) and when a component is added tof@lure or success, respectively. Thus, the major
previously unrevised compartment (e.g. additiodisadvantage of a project such as the SKAR that
of a patellar component), this can be regardasses a strict definition of failure, is that besides
more as a failure of the original procedure thamissing some true clinical failures not coming to
that of the implant per se (Murray et al. 1998a). revision, it gives no clue regarding if, or to what
In an effort to include some clinical parametergxtent, the patients that do not fail have benefited
in the definition of failure, some authors havdrom the operation. In order to evaluate health,
used revision in combination with some othenumerous scoring systems have been devised, re-
measure of failure as an end-point. Thus, revisiagarding general health as well as disease or site-
or planned revision (Font-Rodriguez et al. 1997%pecific conditions. Many of these have been used
revision or loosening (Ranawat et al. 1989), revien patients undergoing endoprosthetic surgery.
sion and pain (Mackinnon et al. 1988, Nelissehrlowever, there has been no consensus on which
et al. 1992) have all be used as a definition aftoring system was the most appropriate, proba-

failure. bly because that there is no “gold standard” for ar-
throplasty outcome that scoring systems can be
Patients lost to follow-up judged by (Dunbar et al. 1999). Further, the suc-

Patients prematurely withdrawn from the studgess of an operation must bee seen in context with
have been matter of debate (Murray et al. 1998kthe aims of the surgery. For joint arthroplasty in
While it is obvious that patients that die withougeneral, the indications for surgery have been
experiencing a revision have no chance of expemon-specific (Gartland 1988) with disabling pain
encing it later, it is possible that patients lost tor functional disability with evidence of an intra-
follow-up have been revised. It is indeed plausiblarticular disease being the most common (Mancu-
that patients become lost when seeking an alterres et al. 1996). Ideally, a knee arthroplasty should
tive treatment elsewhere. Therefore it is imporreduce pain and deformity as well as improve mo-
tant, irrespective of the end-point used, that theility and walking ability. However, depending on
number of patients lost to follow-up is kept to ghe preoperative status of the patient, a varying
minimum and it has even been suggested that thelyange in these factors can be expected (Brinker
should all be treated as failures in a “worst caset al. 1997, Fortin et al. 1999). Further, it is not

scenario (Carr 1993). granted that the operation was meant to restitute
the knee to that of a completely “healthy” individ-
Patient related factors ual, not to mention the general health.

Several studies that have addressed the effect offhe complexity and workload associated with
diagnosis and age of patients on results have cahe use of health questionnaires has hitherto hin-
cluded that these factors do influence the resultiered their large-scale use by the SKAR.

(Rand et al. 1991, Knutson et al. 1994, Coyte et al.

1999). However, in the majority of published

studies in which survival rates are disclosed, the . .

calculations are performed on all diagnoses ar%ewsmn rate and cost

age groups combined, which makes interpretatiofhe general assumption has been that the majority
difficult because of differences in case-mix. of knee-replaced patients fare well, with exemp-
tion of the failures (Callahan et al. 1994). Thus,
the main focus of improvement has been to reduce
the number of failures by introducing new de-
signs, new materials and new fixation techniques.
Independent of the definition of failure, survivalHowever, newer, technically more advanced
studies only register withdrawal, failure or sucimplants have the tendency of becoming more
cess. While a strict definition of failure allows forexpensive than the ones they are to replace (Healy

Evaluation of success
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et al. 1994). With the increasingly large number dfiave been used in orthopedics (Lavernia et al.
elderly patients and the relatively low failure ratel995, Kreder et al. 1998, Espehaug et al. 1999).

of many implants, it becomes questionable if it is To be able to estimate the effect of volume on
always economically sound to replace a curref@RR in a non-randomized study, the material ob-
implant with a newer more expensive one, even #ferved needs to be as homogenous as possible and
it may be assumed to have a slightly lower failurthere has to be a sufficient number of failures to
rate that most often is hypothetical but not docunake statistically valid comparisons. Patients op-
mented. Health economic calculations are not pagtated on with UKA, due to osteoarthrosis in the
of the introduction of knee implants today. medial knee compartment, are probably the most

The UKA is an example of an implant that inhomogenous group that can be selected from the
Sweden has a documented higher revision raBKAR with respect to the grade of disease. Fur-
than the more expensive TKA (Knutson et alther, the UKA has been claimed to be technically
1994). As both types of implants can be used fatemanding (Sculco 1994) and has a relatively
unicompartmental disease there are authors tHagh number of revisions. Thus by classifying
recommend only the TKA, even in unicompartunits by the number of UKA operations they per-
mental disease (Laskin 1978, Sculco 1994). Oth&armed it is possible to evaluate the effect of vol-
have been more in favor of using the UKA, arguume on the CRR after medial UKA. An implant of
ing that the surgical procedure is less extensipecial interest is the Oxford UKA which due to a
(Rougraff et al. 1991), bone stock is better pranobile meniscal bearing is technically demanding
served (Engelbrecht et al. 1976, Goodfellow et aand which at certain centers in the U.K. has had a
1988, Marmor 1988, Bert 1991), recovery is fastezonsiderably lower CRR (Murray et al. 1998b)
(Cameron et al. 1988), the risk of infections ishan in Sweden (Lewold et al. 1995) where the re-
lower (Bengtson et al. 1991) and patient satisfasults, in contrast to the U.K., were nationwide, in-
tion after UKA is greater than after TKA (Lauren-volving surgeons and centers with varying degree
cin et al. 1991, Rougraff et al. 1991). of experience.

Using available Swedish data for these types of
implants, a comparison can be made with respect
to implant cost, hospital stay and rate of revision
to estimate the economical consequence had tHEC
cheaper UKA implant been replaced with thé@he incidence of a procedure (i.e. number/
more expensive TKA, in an effort to reduce thd00,000 inhabitants) indicates the volume per-
overall revision rate. formed in a society. However, as arthroplasty of-
ten is more common in certain age groups, the to-
tal incidence does not necessarily represent the
relevant volume of procedures being offered to
the population as it is influenced by the disease
The survivorship of joint arthroplasties dependpattern and age profile of the population. Thus
on a number of factors. Results may be related when countries are compared regarding frequency
the materials used, such as design of implants aofla procedure, the age specific incidence and the
method of fixation, to patient factors such as agage profile of populations have to be taken into
grade and type of disease or to the experience amctount (Ingvarsson et al. 1999).
skill of the operating surgeon. Of these factors, it In the last decades, new forms of medical and
is especially difficult to take into account the sursurgical treatment have become available and in
geons skill. Although not addressing the skill oEombination with increased general welfare an in-
individual physicians, the volume of treated paerease in life expectancy has occurred. This has
tients at institutions can be used as an indicator ofeated or will create a shift in the age profile of
the routine when treating a particular disease. Afnost countries, leading to an increase in the num-
ter first having been used in the evaluation dber of elderly with a subsequent increase in mus-
treatment for cardiac diseases, volume studiesilo-skeletal disorders such as joint diseases, fra-

idence

Volume of surgery
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Table 1. Literature review of knee prosthetic survival studies

Author Origin  Year Diagnosis Model 2 Type n Female Age
of (%) (%)
operation OA RA Other
Tew et al 1985 UK 1970-83 Various models ? Mixed ¢ 673
Thacker & Fulford 1986 UK  1976-85 Denham TKA 335 elderly
Morrey et al. 1987 USA 1977-81 Mixed Total Condylar TKA 1,253 66 =63
Scuderi et al. 1989 USA 78 13 9 1,430 69 67
1974-78 T. C. all PE tibia TKA 224
1978-81 T. C. PS all PE tibia TKA 28
1981-86 T. C. PS MB tibia TKA 917
Gill & Mills 1991 USA 1976-89 86 9 5 Various models TKA 1,000 W 69
M 70
Rand & lIstrup 1991 USA 1971-87 Mixedd Various models © Mixed f 9,200 51- 56—
71 70
100 - - 6,2699
- 100 - 2,876¢9
Traumatic 559
Lindstrand etal. 1992 SE  1983-90 100 - - 3,777  Eq." 68"
PCA UKA 772
Marmor UKA 1,562
St Georg UKA 1,441
Knutson et al. 1994 SE 1976-92 Mixedd Various models 10,228 74— 68—
781 70k
1976-82 100 - - TKA 1,360
1983-87 100 - - TKA 2,827
1988-92 100 - - TKA 6,041
Ritter et al. 1995 USA 198391 91 6 3  AGC all PE tibia TKA 2,001 65 69
Abernethy etal. 1996 UK  1980-83 Mixed T. C. PE tibia TKA 550 54 67
1983-90 Mixed Kinematic MB TKA 1017 52 65
Ansari et al. 1997 UK 1974-93 100 - -  StGeorg UKA 461 68 70
Jordan et al. 1997 USA 1985-91 90 10 - LCS uncemented TKA 473 70 68
Font-Rodriguez 1997  USA 1974-94 78 15 7 2,629
1974-78 T. C. PE tibia cement  TKA 215 70 67
1978-81 T. C. PS PE tibia cem. TKA 265
1981-94 T. C. PS MB tibia cem. TKA 2,036
1974-94 T. C. PS modul. cem. TKA 49
1974-94 T. C. Constr. cement. TKA 64
Basset 1998 USA 1988-93 88 6 6 Performance TKA 1,000 60 69
Murray & Frost 1998 UK 1987-93 82 18 -  AGC, Nuffield, IB2 TKA 1,429 71
Coyte et al. 1999 CAN 1984-91 85 12 3 Mixed 17,229 63 69
aT. C. = Total Condylar, PE = polyethylene, PS = fHinges, TKA, BKA and UKA
posterior stabilized, MB = metal backed 9 Including revisions
b 9 models including 87 revisions h Equal in compared groups
¢ Hinges and TKA i OA, decreasing with time
d Selected diagnoses shown K OA, increasing with time

€9 groups of implants including 1,131 revisions

gility fractures and direct medical costs. These ciSwedish Census Register, data may be extracted
cumstances led to the declaration of the Bone atitat enables comparison, planning and estimations
Joint Decade 2000-2010 by the United Nations iof actual and future demand and cost.

November 1999. One of the goals is that the mem-

ber countries are to show the current prevalence,

incidence and burden of musculo-skeletal disor-, .

ders (Lidgren 2000). Such knowledge is at prestherature review

scarcely available but by using the SKAR and th&vhile there is a large amount of studies that in
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Dead Lost Atrisk Reached Cum survival Comments
to FU lastinter- endpoint (100-CRR)
m ) val (%)
9 6 186 85% at 10 Y End-point: revision or severe pain
36 4 25 8 95% at 5Y
9 99% at5Y End-point: revision for loosening
End-point: revision or planned revision
53 10 93% at7yY
37 6 97% at7yY
8 7 9% at7yY
69 8 <3 14 94% at13Y End-point: revisions, nonrevised infection and
patellar dislocation
Primaries (all models) CRR range for different implant groups
582 91% at5Y—-80% at10 Y 78-98% at5Y
325 92% at5Y -83%at10Y 64-98% at5Y
83% at5Y—-69% at10Y Traumatic cases also included in OA
65 84% at6 Y
52 95% at6 Y
55 93% at6 Y
89% at5Y
95% at5Y
97% at5Y
39 <6 8 98% (Cl 96-100) at 10 Y Infected excluded (n 15)
58 17 97% at5Y-92% at 10 Y 130 excluded (dead or inadequate radiographs)
62 48 94% at5Y —-88% at10 Y 164 excluded (dead or inadequate radiographs)
5 29 18 88% (Cl 81-93)at 10 Y™
39 17 95% at 8 Y (Cl 91-98) End-point: mechanical failures
End-point: revision or planned revision
0 2 13 91% at21Y Worst case 85% at 21 Y
85 4 14 94% at 16 Y Worst case 90% at 16 Y
95 2 26 98% at 14 Y Worst case 93% at 14 Y
0 6 3 94% at 10 Y Worst case 89% at 10 Y
2 3 1 98% at7yY Worst case 95% at 7 Y
31 4.5 10 99% at5Y
4 23 94.3% (CI 88-100) at 7 Y Including patellar additions as revisions
97.5% (Cl 94-100) at 7 Y Excluding patellar additions as revisions
92-96% at 7 Y Approximations based on ICD9 classifications
FU = follow-up
Y =years

M 74% if pain and revision is end-point

some way disclose results calculated by survivalf cases included;ase mixnumber of cases lost
methods, the number of large studies is rathéo follow-up and even definition of end-points. In
scarce. Further, comparisons between studies arable 1 selected results of some larger studies are
difficult because of differences regarding thdisted along with some other relevant information
types of implants used, period of surgery, numbevhen available.
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Aims of the study

The aims of the study were as follows:

to validate the SKAR with respect to revisions reto investigate the relationship between the num-
corded, and evaluate if the Swedish Patient bers of procedures performed per unit and the
Administrative System (PAS) could be used for risk of later revision by selecting UKA per-
improving the registration. formed for medial OA for comparison.

to inquire on a large scale, how satisfied Swedidio describe the age specific incidence of knee ar-
patients were with their knee after having a throplasty in the Swedish population and to in-
knee arthroplasty and if revision, as a measurevestigate if past changes in the age profile are
of outcome, can be justified. linked to the observed increase in surgery as
well as to evaluate how predicted changes in the

to evaluate the relationship between revision rate . .
P age profile might affect future demand.

and economical burden by comparing UKA and

TKA used for osteoarthrosis, knowing that theo describe the Swedish Knee Arthroplasty

former had a higher CRR but were less expen- Register regarding demography, epidemiology,

sive. comprehensiveness and general prosthetic sur-
vival.
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Patients and methods

. may however be superceded by more severe diag-
ltems recorded in SKAR noses, such as infection, fracture or malignancy.
Patient identity Further, when recorded in one knee, RA can
Unique in the Nordic countries is the extensivehange a more nonspecific diagnosis in the other
use of a social security number for all inhabitantenee (sooner or later).

available through a national census register. It in-

cludes information on the date of birth and genddiype of arthroplasty and endoprosthesis

and is used by everyone in their contact with auFhe definitions used by SKAR for the various
thorities, hospitals and most private companiesypes of knee prostheses bear the mark of their
when identification is required. It is readily avail-evolution, and sometimes may seem a little odd to
able, is printed on ID cards and passports, arlde uninitiated. However, most of these concepts
permits life-long tracing of patients including dateare still used today, with some modifications.

of death. This is in sharp contrast to the situation

in most other countries, where such tracing is dnrostheses without mechanical links between

immense, if not impossible, task. the components (resurfacing prostheses)
Femoropatellar prostheseare used only in the

Side operated on, date of operation and patellar joint (Figure 1).

operating unit Unicompartmental prostheséSigures 2 and 3)

These variables are distinct, and besides mix-wgye used for replacing the medial and/or the lateral
and typing errors cause no problem regardingpiofemoral compartment. In unicompartmental
registration. By adding to the social security numarthroplasty (UKA) only one compartment is re-
ber a letter, representing the side operated on, gptaced. A bicompartmental arthroplasty can be
ery knee gets its own unique ID. The registratioachieved using two unicompartmental prostheses,
of the operating unit was not originally intendedoth medially and laterally but these are rarely
to evaluate results of individual units, but was tperformed nowadays.
allow for inquiries about patients at a later date. Bicompartmental prostheséEigures 4 and 5)
are used to replace both the lateral and medial
Primary diagnosis compartments with a single component (on the
Although the diagnosis is clear for the majority of
patients that are treated for osteoarthrosis (OA) or
rheumatoid arthritis (RA), some cases are difficult
to classify under a single diagnosis, especially as a
patient can suffer from more than one condition.
Although it is possible to record several diag-
noses, inevitably a single diagnosis becomes the
primary one. In cases where more than one diag-
nosis has been given by the operating surgeon as
being the cause for operation, the most specific
has usually been recorded as the main one (e.qg.,
osteonecrosis is preferred to OA, fracture to dis-
ease, malignancy (local) to fracture). Being a sys-
temic disease, RA is classified as the main cause

of operation, regardless Of. local SpeCIfIC dlE?‘lgFigure 1. A femoropatellar prosthesis (Lubinus) with a PE
noses, such as gonarthrosis or osteonecrosis pdtellar component and an isolated metal femoral groove.
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Figure 2. A nowadays obsolete Macintosh hemiprosthesis,
which was used as an onlay prosthesis on the articular
surface of the tibial plateau.

Figure 5. A bicompartmental prosthesis (Deane) of unusu-
al design with a ball and socket articulation, which has
been abandoned because of mechanical problems and
femoral loosening.

Figure 3. A modern unicompartmental prosthesis (Dura-
con) with a PE tibial component. The metal femoral com-
ponent is inserted after resection of the femoral condyle.

Figure 4. One of the earliest bicompartmental prostheses  Figure 6. A tricompartmental prosthesis (Kinemax) with a
(Geometric) with bridges between the two unicompart-  modular tibial part, a femoral component with a patellar
mental parts, which ensured parallell placement of the flange and an optional PE patellar component.
components.

tibial and femoral sides), but the femoral side hdenee with both femoro-tibial compartments (me-
no patellar flange (thus the patellar joint is not afdial and lateral) and the femoro-patellar compart-
fected). Nowadays these are not commercialljent (with or without a separate patellar button)
available as unlinked prostheses. being affected. Thus, the coverage of the femoral
Tricompartmental prostheseéFigure 6) are component distinguishes it from the bicompar-
used to replace all 3 joint compartments of thmental prosthesis. Modern designs are either un-
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|

Figure 7. A hinge prosthesis (GSB) with a patellar flange  Figure 8. A linked prosthesis (Rotalink) without patellar
and long stems for intramedullary fixation. Half the femoral ~ flange. The femoral housing contains a PE lined hinge.
component is removed to display the inner design with a  The tibial metal protrusion articulates against a PE lined
PE liner to avoid direct metal to metal articulation. tube connected to the hinge thus allowing axial rotation.

constrained (posterior cruciate retaining) or cortheir names has since led to various problems, of
strained by highly conforming components or avhich a few examples can be given.

cam axis design that forces a roll back of the fe- Implants have been changed regarding design
mur on the tibia (posterior stabilized). The latteand material, but not the name. As a unit often
are used after removal of the posterior cruciatesed a particular model during a certain time peri-
ligament. od, this model became well known to the local

surgeons who often referred to it by a generic
Prostheses with mechanical links between the  name, instead of a more specific one, and even

components kept using the same generic name when a new
Hinged prosthesef~igure 7) are fixed axis total variety was introduced (e.g., St. George when
knee designs with stem fixation. EndoLink was introduced). Thus, implants by the

Linked prosthesef~igure 8) are mechanically- same name might be different varieties of the
coupled prostheses that permit more than fixedhplant (e.g., PCA was used for different varia-
axis rotation. They are either modified (i.e., rotattions of the Porous-coated Anatomic prosthesis).
ing) hinges or reinforced cam axis designs th&imilarly, changes in surface properties (metal
also control varus—valgus stability (i.e., superstdacking, coating) were introduced that did not af-
bilized). Both are available with or without a pafect naming. Interchangeability permitted use of

tellar flange. different models on the femoral and tibial sides
(hybrids), and there are examples where the popu-
Endoprosthetic model larity of a hybrid became so great that after a

When recordings started, each type of prosthesiile it was introduced as a standard. This has
had relatively few models, often named after theseverely reduced the possibility of analyzing the
designers. The name of the implant was like thatfect of mechanical properties of implants on
of the model. This classification of models byesults.
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Yearly distribution (%)

100 - )
Dead, not revised

90 - Dead, revised
Alive, not revised

80 1 Alive, revised

70 A

60 -
50 1
40 4
30 1 Figure 9. The fate of primary arthroplasties
20 J performed each year as recorded by the
end of 1997. The bars represent arthro-
plasties, revised or unrevised, in patients

e e e e e e e e e e that by the end of 1997 were alive or dead,
1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 respectively.

10 A

0

Method of fixation large-scale information regarding the majority of
The use of bone cement was recorded separatelghroplasties, not classified as failures.
for each component. In the beginning, this infor-
mation was relatively self-evident and based oReason for revision
the implant model used, but with increasing popuFhe main reason for revision has been recorded.
larity of implants with surface coatings, intended’he operation reports regarding revisions have
for use both with or without cement, the availabilbeen gathered and reviewed at the project center
ity of this information became crucial. Because oét the Department of Orthopedics in Lund. In case
the delay in realizing this, the records regardinthe operating surgeon stated several reasons as
the cementing of components were sometimes ihaving caused the revision, one became selected
complete during a few years in the mid-1980s. as the main reason. As for the primary diagnoses,
the most specific (most serious) reason was nor-
Recording of postoperative results mally chosen, but unlike the diagnoses, the differ-
For reasons mentioned in the introduction, initialent reasons for revision were common and often
ly the main interest focused on failures and cominterconnected in various ways. In an end-stage of
plications, rather than the degree of benefit. Thmalalignment, wear, instability, loosening and
first data-forms, regarding the primary operationprosthetic fracture, it could be difficult to decide
thus included data on immediate general compliwhat was the first or primary reason for failure. To
cations (during the hospital stay), but specifiamend the registration, during a recent change in
problems were rarely reported and recording abutines, the SKAR has begun recording the state
such data was abandoned in 1990. of individual components as well as one main
As knee arthroplasty became accepted as a safason.
and reliable treatment (even for patients with less
disability), the degree of success became an issi@te of death
Back in 1979, a clinical evaluation was includedhe SKAR has been regularly crossed checked
at the 3-year follow-up, using the British Ortho-against the National Census register to gather in-
paedic Association (BOA) Assessment Charformation on patients that have deceased and their
This failed, because the clinicians found the extraxact date of death. At the end of a study period,
workload unacceptable. The longevity of the proall living patients not reported as revised became
cedure thus became measured by the absencedefined as success with the prosthesis in situ.
failure, which became defined as the need for anlt is obvious that during a period of 23 years
additional operation: the revision. The inquirymany of the patients operated on early in the
regarding patient satisfaction in 1997 (Paper llperiod are deceased. Figure 9 describes the fate of
was the first major attempt by the registry to gaithe knees operated on each year as of the end of
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1997 and the percentage of primary arthroplastiésnspositions, extraction of bone or cement frag-
remaining at risk for revision. ments and arthroscopy. As some of these could be
of minor nature and were not necessarily related
to the primary procedure, it could be debated if
they always represented failure. It was therefore
Survival decided to use a stricter definition of revision that
Since 1985, survivorship methods have been usattluded only re-operations during which pros-
for description of outcome in the SKAR. Initially, thetic components had been added, exchanged or
results were described with life table curves usinggmoved (including amputations and arthrodeses).
the Wilcoxon (Gehan), the log-rank and other sinifhe SKAR has not considered using revision in
ilar tests to test crude (empirical) survival betweeocombination with other measures of failures such
groups. As these methods have the disadvantage loosening, planned revisions or pain, because
that when comparing groups (e.g., implant typepf the difficulties with the definitions and the lo-
the effect of other factors (e.g., age, gender) is ngistic problems when using potentially reversible
taken into account, Cox’s regression later wasonditions as an end-point.
used to estimate differences in survival, allowing
adjustment for external factors Patients lost to follow-up

As the survival method initially had been used’he SKAR has relied on the participating units to
to show the proportion of patients surviving a disprovide information regarding revisions of includ-
ease, the graphical results were expressed agdpatients. Until 1989, a follow-up format 1, 3, 6
curve that started high on the left axis with all paand 10 years postoperatively was sent to the par-
tients surviving (100%), falling to the right as padicipating units to inquire if a patient had experi-
tients died. This was also how the register initiallgnced a re-operation or complications. These
showed the curves, but for semantic reasons tHams were later abandoned in favor of yearly lists
was later changed. Instead of showing the percemf all revisions. The combination of high quality
age surviving arthroplasty (by not being revised amnational census registers, free health service and
reaching another end-point), by subtracting thfew private alternatives for revision surgery meant
survival percentage from 100% the curves expresisat the majority of patients could be traced until
the cumulative rate (percentage) of revisiondeath, and did not become lost to follow-up in the
(CRR) (or other defined end-point) occurringraditional meaning. However, if a revision was
after the index arthroplasty, starting at zero andot reported to the register by a participating unit,
gradually increasing. Thus, the term used fathe patient became lost to follow-up in a true
the analysis (CRR) also clarifies the end-poinvorst-case scenario (Carr 1993) where a lost
used (revision). case is indeed a revised case.

How the SKAR has evaluated failures

The end-point Patient related factors

In view of the workload with clinical follow-up With the large number of operations reported to

examinations and lack of definitions for clinicalthe SKAR it has been possible to provide separate
failure, the SKAR needed simpler indicators obutcome results for OA and RA which were the

failure. It had been noted that grossly unsuccesstain indications for surgery. The numbers of

ful cases were often caused by implant and fixaperations for other diseases has been low and
tion problems, or wound complications, frequenthave hitherto not been evaluated in detail.

ly requiring surgical intervention. An additional Results were adjusted for differences in age and
operation, a revision, therefore indicated that botpender using Cox’s regression analysis.

the patient and surgeon had agreed upon that the

original problem had not been solved, indicating

failure of the primary operation. Any later opera-_. .. .
tion after primary knee arthroplasty could beStatIStICS
called a revision, including soft tissue operationd3Vhen probability levels (p-values) are used, a
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value of< 0.05 has been considered significantmodel included the calendar year of operation and
Confidence intervals, describing the uncertaintgge of the patients as numerical variables and the
in estimates with a range of plausible values, hagender of patients as a categorical variable.
been calculated using 95% confidence. The relative risk of a significant variable is ex-
The end-points used for survival statisticpressed after adjusting for the effect of other ex-
after primary arthroplasty were as follows: 1)lanatory variables in the model. For categorical
When analyzing overall revision rate the endvariables the reference category has been defined
point was the first true revision done for anyas having a relative risk of 1; the risk for other cat-
reason. 2) When analyzing the revision rate faggories was measured relative to the reference cat-
loosening, it was also the first true revision, buégory, expressed as a risk ratio (RR)r numeri-
only if loosening had been registered as theal variables, the RR relates to the change in risk if
indication for revision. 3) When analyzing infec-the variable increases by one unit (i.e. an increase of
tion, the end-point was defined as revision for in1 in the mean number of operations/year, 1 year in-
fection, irrespectively of if this was the first revi-crease in age or calendar year of operation).
sion or revision at a later time. At the end of a For graphic presentation, the cumulative revi-
study period, those patients alive, not registered a®n rate (CRR) was calculated with the life table
having reached the terminal end-point (revision Imethod using one month intervals and plotted
3), were classified as successful cases while deith confidence intervals calculated using the
ceased unrevised cases were classified as witMilson quadratic equation with Greenwood and
drawals at the date of death. Peto effective sample-size estimates (Dorey et al.
When analyzing the secondary revision rate at993). Curves were cut-off when 40 knees re-
ter a primary revision, the end-point was the firstnained at risk.
re-revision for any reason. SPSS software was used for all statistical calcu-
When Cox’s regression was used, the regressitations.
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Overview of patient allocation

Paper | Paper IV
Period 1975-1995 Period 1986-1995

Total 45,195 knee arthroplasties in 36,901 pat0,474 medial UKA for osteoarthrosis, including
tients. Alive 30,376 knee arthroplasties in 25,76874 PCA, 905 Oxford and 4,307 St. Georg/Link

patients. prostheses.
Paper Il Paper V
Period 1981-1995 Period 1976-1997

Answers regarding patient satisfaction wittb7,201 knee arthroplasties in 46,659 patients.
27,372 knees in 23,239 patients.

Paper VI
Paper lll Period 1975-1997
Period 1985-1995 57,533 primary arthroplasties in 46,893 patients

15,437 TKA and 10,624 UKA performed for OAwith special emphasis on the period 1988-1997
where patients could be located in both the SKARith 41,223 arthroplasties in 34,877 patients.
and the PAS.

Paper | Total 45,195 knee arthroplasties in 36,901 patients
Alive 30,376 knee arthroplasties in 25,761 patients

Paper Il Answers regarding patient satisfaction
27,372 knees in 23,239 patients alive

Paper Ill  Operations for OA
15,437 TKA and 10,624 UKA

Paper IV  Operations for OA
10,474 medial UKA

Paper V 57,201 knee arthroplasties in 46,659 patients

Paper VI 57,533 primary arthroplasties in 46,893 patients with special emphasis
on the period 1988-1997 with 41,223 arthroplasties in 34,877 patients

1975 1980 1985 1990 1995

Figure 10. Patient allocation.
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Summary of papers

Paper I; Validation of the Swedish Knee Paper Il: Patient satisfaction after knee

Arthroplasty Register. A postal survey arthroplasty. A report on 27,372 knees
regarding 30,376 knees operated on operated on between 1981 and 1995 in
between 1975 and 1995 Sweden

The SKAR was started as a voluntary registef,he validation process of the SKAR (Paper ),
prospectively following included patients with re-gave an opportunity for an inquiry regarding pa-
spect to complications and failures. A previousient satisfaction. However, to avoid a reduction in
study (Knutson et al. 1994) had shown that beesponse rate, such inquiry needed to be short and
tween 1985 and 1992 the number of arthroplastisimple. We decided to ask the patients to mark one
registered in the SKAR was about 85% of thef four alternatives, indicating how satisfied they
number registered by the health authorities in theere with the operated knee: A) very satisfied B)
PAS database. Because of the vast number of psatisfied C) uncertain or D) unsatisfied. With an
mary operations, an unbiased loss in reports alerage 6 (2—17) years after primary arthroplasty,
primary arthroplasties was not regarded as a pro®5% of the 28,962 patients operated on between
lem. However, as the register is prospective, with981 and 1995 responded. Of those responding,
revisions utilized as the end-point in survival anal81% were satisfied or very satisfied, 11% uncer-
yses, it was of importance that revisions of includiain and 8% were unsatisfied. The proportion of
ed patients were reported. satisfied patients was affected by the preoperative
To validate the register, a questionnaire wadiagnosis, with patients with RA being the most
sent to all living patients with 30,796 knees regissatisfied, followed by patients operated for OA,
tered as having been operated on from 1975-1996sttraumatic condition and osteonecrosis. There
to inquire if they had been reoperated without thiwas no difference in proportions of satisfied pa-
being reported to the register. 93% of the patient®ents, depending on if they had primarily been
responded, resulting in the finding that 1.7% obperated on with a total knee arthroplasty (TKA)
the knees, previously registered as unrevised, had a medial unicompartmental arthroplasty
in fact been revised but not reported. Thus, on®KA). For TKAs performed with patellar resur-
fifth of all revisions had been missed. The report&acing, there was a higher ratio of satisfied pa-
of the participating units were more accurate dutients than for TKA's not resurfaced, but this in-
ing the first 10 years, but after that accuracy dereased ratio diminished slightly with time passed
clined. The university hospitals were better thasince the primary operation. In unrevised cases
the smaller units at reporting revisions. The typethe overall satisfaction rate was unchanged re-
of revision most often unreported were partial regardless of the time passed since the primary oper-
visions or procedures such as amputations, extraation and the proportion of satisfied patients was
tion of the prosthesis and arthrodesis. higher than in revised knees, in which 22% of pa-
We further investigated if the missing revisiongients were unsatisfied after a mean follow-up of 5
could have been localized by comparison of th@-16) years. Revised UKA had a higher propor-
SKAR and PAS databases, and found that 84%en of satisfied patients than a revised TKA.
would have been revealed. This lead to a subse-
quent update of the SKAR incorporating all de-
ceased and non-responding patients.
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has had an increased revision rate; and finally, the
most commonly used unicompartmental implant
in Sweden.

The majority of units were found to perform rel-
atively few UKA's per year. However, there was a
UKA is known to have a higher CRR than TKAcorrelation between the mean number performed
while the UKA implants generally are less expenand the risk of later revision. The 3 implant types
sive. For the two procedures, we estimated theere differently affected. The implant with inferi-
cost of implants and hospital stay and related ther mechanical and design properties was not af-
cost difference at primary operation to the differfected by the number of operations performed,
ence in number of revisions to be expectedvhile the technically demanding implant was
15,437 primary TKA's and 10,624 primary mediahighly affected and the most common implant less
or lateral UKA's were compared. The operationsffected. We concluded that the effect of operative
were all done for OA during 1985-1995. Byvolume on the prognosis of UKA, probably ex-
matching patients in the PAS database with th@ressed differences in experience in selecting the
SKAR, information on hospital stay could beappropriate patients for surgery and in performing
gained. The CRR and the relative risk of beconthe procedure.
ing revised were calculated, as well as the risk of a
second revision and the risk of infection. The

weighted mean cost of the most common implants V- Past incid d d d
in each group was used as an estimate of the iﬁgper + Pastinc ence an uture deman
plant cost. for knee arthroplasty in Sweden. A report

We found that the TKA patients were, on aver- from the Swedish Knee Arthroplasty

age, 1.9 years older at operation and had a lowel:‘?eglster reglar_dlng ;[]he effect ofhpast anbd
CRR than the UKA patients — i.e. 10-year CRR of uture population changes on the number

11.5 % and 15.8 %, respectively. After adjusting of arthroplasties performed

for age, sex and year of operation, UKA patientBy combining data from the SKAR and Swedish
were found to have a 2-day shorter hospital stayensus Registers it was possible to calculate the
and fewer serious complications than TKA papast age specific incidence of primary knee ar-
tients. The mean estimated cost of a unicompattroplasties and, based on predicted Swedish pop-
mental implant was 57% that of a tricompartmendlation changes, estimate the future demand.

tal implant. Compared to performing primary Since the start of the SKAR in 1975, OA has ac-
TKA in all the patients, we found that the use o€ounted for the largest increase in number of knee
UKA had saved more money than the cost genessthroplasties while operations for RA have re-
ated by the increased number of revisions. mained constant. The mean yearly number of op-
erations between the periods 1976-1980 and
1996-1997 increased more than five-fold while
only 6% of that increase could be explained by
changes in the age profile of the population. The
majority of operations were performed on senior
To investigate if the number of operations pereitizens 65 years and older who also have experi-
formed at surgical units affected the risk of lateenced the largest increase in incidence. By using
revision, 10,474 UKA performed for medial OAthe yearly incidence for 1996 and 1997 and taking
in Sweden during 1986-1995 were analyzed. iBito account the expected future changes in the
types of implants were the focus of interest: aage profile of the Swedish population we estimat-
implant with a high revision rate that has beerd that, in absence of an effective preventive treat-
proven to have unfavorable mechanical and deaent, the number of knee arthroplasties will in-
sign properties; a technically demanding implantrease by at least 36% until 2030.

with a mobile meniscal bearing, which in Sweden

Paper lll: Use of unicompartmental
instead of tricompartmental prostheses
for unicompartmental arthrosis in the
knee is a cost-effective alternative

Paper IV: Surgical routine reduces failure
after unicompartmental arthroplasty
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had a higher risk of revision than TKA while the

risk of revision for infection was lower after UKA

. than TKA. Using uncemented fixation of the tibial
sis on 41,223 knees operated on 1988~ plateau in TKA was associated with an increased

1997 risk of revision. Resurfacing of the patella during
General demographic and epidemiological ouffKA was not found to significantly affect the revi-
come, with special emphasis on results for thgion rate. When analyzing different brands of im-
most recent 10-year period, was analyzed with tt@ants, we found that newer TKA implants by the
data in the SKAR updated until the end of 1997.same manufacturer often had better results than

From 1975 till 1997, the mean age of patients dihe ones they replaced, at least in a short-term.
surgery increased from 65 to 70 years. Women athe most commonly used TKA and UKA im-
counted for 2/3 of the operations with an unplants were also among those with the lowest risk
changed sex ratio over the years. With increasirgf revision. Half of the revisions performed dur-
age, the risk of revision became less, hence ag® 1988-1997 were performed within 45 months
was one of the factors taken into account when eafter the primary operation. Loosening was the
timating the risk of revision. The overall risk ofmost commonly stated cause of primary revision,
revision was found similar for both sexes if the dibeing reported in 44% of the cases. Both failed
agnosis was OA but in RA men with TKA had aJKA and TKA were most commonly revised to a
higher risk of revision than women. TKA. However, partial revisions were also com-

For TKA, patients with OA were generally old-mon in TKA, especially if the diagnosis was OA.
er at surgery than those with RA. Although th&Vhen the results of non-infected revisions were
overall CRR was similar for both groups, wheranalyzed, we found that partial revision (exclud-
adjusted for differences in age, gender and time ofg patellar additions or removal) of failed TKA
operation, the risk of revision was higher for OAand UKA had a higher rate of re-revision than re-
than RA. The opposite was true for the risk of berisions with a new TKA. Failed UKA revised with
coming revised for infection where patients witre new UKA similarly had higher risk of re-revi-
RA had higher risk. sion than revisions to a TKA.

In UKA the risk of revision did not change with Besides a higher CRR than previously reported,
the time of surgery, while for TKA the risk sig- our findings after update of the register have not
nificantly diminished with time, even after affected conclusions drawn from the register in re-
taking into account the increased age of patientse@nt years.
surgery. During 1988-1997 for OA, primary UKA

Paper VI: The Swedish Knee Arthroplasty
Register 1975-1997 with special empha-
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Discussion

Validity sions had not been reported to the register. The
When the failure rate is low or when few patientsypes of revisions that were forgotten most often
remain at risk (many deceased), relatively fewoncerned amputations, extractions and arthro-
failures can have a profound effect on revisiodeses or relatively minor revisions such as partial
rate. Therefore, it is of importance to take int@r patella revisions. The reasons may be that the
account patients lost to follow-up when usingormer are often caused by infections and the pa-
survival curves for statistical evaluation (Cartients therefore were not admitted to orthopedic
1993, Dorey et al. 1993). This was also pointedards, and the minor revisions may have been for-
out by Murray and coworkers (1993). They foundjotten or not recognized as true revisions.
when reviewing 35 papers that only half of them 87% of missing revisions in previously unre-
included figures on patients lost to follow-up andiised patients could be located with help of the
those that did had a mean loss of 5% (inter-qualPAS database. As the information to the SKAR
tile range of 4% to 10%). The authors thus reconand PAS is provided at different levels, on the one
mended the plotting of worst-case curves, basddnd by administrative departments and on the
on failure of all patients lost to follow-up. other by health care staff, a systematic error where
The SKAR has relied on a voluntary contribuno information is provided to both registers is un-
tion from the orthopedic community, unrelated tdikely. Thus, comparison of the registers at regular
monetary reimbursement. With the free healthcaiatervals in the future will minimize the chance of
system and the ease of which patients are trackedyisions not becoming registered.
few patients are really lost to follow-up in the tra- As the conclusions from the SKAR in the past
ditional meaning. However, the participating unithave not been based on comparisons of results to
can neglect reporting of revisions, which has ththat of others, they have not been affected by the
same implications as the patients being lost to foleneral increase in CRR that was caused by the
low-up in a worst-case scenario. validation and subsequent update of the register.
While the SKAR has been voluntary, the PAS is
a mandatory administrative system, which during
recent years has been related to monetary reim- . . .
bursement through ICD diagnosis and procedurl:e)zatlent satisfaction
registration. It seems that in recent years the PASe SKAR has measured the effectiveness of knee
has captured a larger number of primary knee arplacement by the patient’s risk of becoming re-
throplasties and revisions than the SKAR. Ideallywised. However, in case of complications, not all
the PAS could be expanded to include the infopatients may be offered revision surgery and the
mation contained in different specialty registersdecision to revise depends on factors that can be
However, the complexity of such a database i®lated to the patient, the surgeon and available re-
prohibitive because of the different needs of theources. Further, although avoiding failure and
specialties, changes in medical treatment armbmplications is of primary importance, analyses
changes in focus of interest. It has, howevedf failures do not tell anything about the majority
been discussed (Werkmeister et al. 1995) whethef patients that never come to revision. Because of
reimbursement in some way should be linked tpractical limitations, we were not able to use com-
delivery of a minimal data set of information forprehensive evaluations or questionnaires to gather
implants regarding type of implant, treatment anthformation on the patients in the SKAR, but in-
complications. stead used a short question on the patient satisfac-
During validation of the SKAR one fifth of revi- tion with the operated knee. Our 95% response
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rate (Paper Il) is high for a postal survey (Asch aif time since knee replacement, shows that a suc-
al. 1994, McHorney et al. 1994, Plant et al. 199&essful knee arthroplasty can be expected to give a
and suggests that patients with knee arthropladsting acceptable clinical result.
are positive to inquiries regarding the operation For revised knees in the SKAR, 27% were very
and that the procedure has been a major eventsatisfied, 33% satisfied, 18% uncertain and 22%
their lives. unsatisfied. Thus, in 60% of revisions the patients
Patient satisfaction has by others (Andersowere satisfied with their knees (83% of unre-
et al. 1996, Heck et al. 1998b) as well as by owised), which is similar to what Espehaug and co-
selves in an ongoing parallel study, been foundorkers (1998) found for hip arthroplasty pa-
to have a significant correlation to pain andients, operated during 1987-1993 in Norway, of
somewhat less to physical function. However, ivhich 61% were satisfied (84% of unrevised).
may be claimed that satisfaction can be affectethat only 22% of the revised knee arthroplasties
by factors that seem unrelated to the surgical interere dissatisfied must be considered an indicator
vention (e.g., patient—surgeon relationship, attif the benefit of revision surgery.
tude of staff, availability of hospital parking spots The lack of correlation between age and satis-
etc.). The fact that patient satisfaction is a confaction was somewhat unexpected as one could
plex concept was illustrated by our findings thaéxpect that older patients would have lower de-
primary disease and gender had an effect and timands, and perhaps expectations, than younger
similar discrepancies have even been found patients. However, our findings are in line with
other studies using standardized generic health throse of Hawker and coworkers (1998).
disease-specific instruments, between men andWe found that patient satisfaction after TKA
women (Katz et al. 1994) and between those hagnd UKA was similar. In the case of a revision,
ing unilateral knee disease and those havingravised UKA's were more often satisfied than re-
contra-lateral knee problem (Hawker et al. 1998;ised TKA's. This can be partly explained by the
Dunbar et al. 2000). These findings illustrate théact that TKA is more prone to infections and re-
a variety of factors, including the preoperativéated to severe complications (Paper Ill). How-
condition of patients, have to be taken into acever, the advantage of the higher satisfaction rate
count when evaluating clinical results. in revised UKA is counteracted by the higher risk
In our study of all living patients that in 19970f revision.
responded regarding their knee(s), primarily oper- The use of patellar components in TKA has long
ated between 1981 and 1995 (follow-up timdeen a matter of debate (Bourne et al. 1995,
mean 6 years), the answer was very satisfied Barrack et al. 1997, Schroeder-Boersch et al.
49%, satisfied in 32%, uncertain in 11% and dist998). We found the positive effect of patellar re-
satisfied in 8% of the knees (51%, 32%, 10% anslurfacing on satisfaction somewhat diminishing
7% respectively for those unrevised). This can beith time. This can be interpreted as either the
compared to two 1998 reports from the USAbenefit diminished with time or the prosthetic de-
Hawker and coworkers (1998) found that aftesigns gradually improved resulting in less compli-
knee replacement that 85% of the patients werations/residual pain.
satisfied, 4% neutral and 11% dissatisfied (469 The present lack of a gold standard regarding
patients operated 1985-1989, follow-up time 3—postoperative results and how they should be
years, 77% response rate), while Heck and cmeasured, combined with the findings that less
workers (1998b) found 88% satisfied, 3% neutrahan 10% of patients were long-term dissatisfied
and 9% dissatisfied (291 patients operated 1992vith their knee arthroplasty, shows that it is not
1993, follow-up time 2 years, 92% participation)unreasonable to use failures and revisions as a
Thus, all surveys showed more than 80% of paneasure of the effectiveness of the surgery.
tients were satisfied and the consistency we found
in satisfaction over the 15 years, supported by the
findings of Hawker and coworkers (1998), that
there was no relationship between pain and length
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day shorter hospital stay. Considering the findings
of Macario and coworkers in 1997, that did not
When choosing a knee implant for routine usdind that the severity of illness or co-morbidity a
performance and cost are factors to be taken intonsistent predictor of hospital costs or length of
account. CRR is often looked upon as an indicatstay, we interpreted this as a result of a swifter sur-
of performance. However, with the relatively lowgical procedure and a faster recovery and rehabili-
CRR of modern implants it can be questioned tfation.
further reduction is reasonable at any cost. Fur-We used the weighted mean price for the most
ther, it is also important to realize that the totatommonly used implants in Sweden and found the
CRR includes many different types of revisionsmplant cost to be a considerable part (20%) of the
and not all are equally as serious. total cost for a TKA. This is supported by Ameri-

The clinical benefit of using UKA has been decan studies estimating the implant cost being re-
bated over the years. Some studies have shoapectively 25% (Healy et al. 1994) and 37%
very satisfactory results with UKA (Bae et al.(Lavernia et al. 1995) of the total cost.
1983, Christensen 1991, Laurencin et al. 1991, In spite of a lower revision rate, had all UKA
Rougraff et al. 1991, Scott et al. 1991, Heck et ghatients been operated with a TKA instead, it
1993), while others have reported inferior clinicalvould not have generated an economical benefit
results and a high failure rate (Laskin 1978, Insaiecause of the more expensive procedure. That
et al. 1980, Swank et al. 1993). Since it becantbe long-term patient satisfaction was found to
known that that the indication for UKA should notbe similar for the two types of implants (Paper II),
include patients with multicompartmental diseaswhile serious complications were less frequent for
es (Jonsson 1981, Knutson et al. 1986, Rand et tile UKA indicated that using UKA had not signif-
1991), its use for RA in Sweden gradually haltedcantly compromised the patient benefit. This il-
Thus, our study (Paper Ill) was limited to patienttustrates that economic aspects, as well as clinical
with OA operated on with TKA or UKA of which performance, should be considered when choos-
the former had been shown to have a lower CRIRg implants.
(Knutson et al. 1994) but also a generally higher
implant cost.

The period analyzed was limited by the avail- . .
ability of data regarding length of stay and thu?urglcal routine
the material allowed for a maximum follow-up ofThe type of joint disease, patient age at surgery
11 years. The calculations were based on the CRIRd activity level are known to affect the revision
at 10 years and we did not assume any additionate after knee arthroplasty. An appropriate indica-
differences between the models at a later time. Afion for surgery is also of importance, especially
though it is not possible to predict future revisionvhen all the joint surfaces of the knee are not re-
rates, the assumption is based on our finding thstirfaced. In the literature, low surgical volume for
the difference in revision rate between the twarthroplasties has previously been associated with
methods did not seem to increase after 10 yedrsreased hospital stay and cost (Gutierrez et al.
when operations performed during 1980-1984998, Kreder et al. 1998) and even increased mor-
were added to the analysis. Further, the high megality (Lavernia et al. 1995). For uncemented, but
age at the primary operation with the estimated reot for cemented hip arthroplasties, operating vol-
maining life expectancy during 1989-1993 ofume has been found to affect the risk of revision
13.7 years for a 72-year-old woman and 11.@Espehaug et al. 1999). The reason may be that the
years for a 71-year-old man (Statistics Swedemncemented arthroplasty is more sensitive to sur-
would lessen the impact of later differences. gical skill. For one of the implants in our study

When estimating the effect of prosthetic type oPapaer V), the Oxford unicompartmental im-
length of stay, using a regression model to adjuptant, there was a large variation in revision rate,
for differences in age, gender and year of operdepending on volume. This may explain why the
tion, we found that the UKA patients had mean 2general revision rate in Sweden (by many units)

Cost of implants
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was higher (Lewold et al. 1995) than that reportethere were 33 knee arthroplasties/100,000 inhabit-
from the originating centers in the U.K (Goodfel-ants during 1990 in Sweden which had increased
low et al. 1988, Murray et al. 1998b). to 63/100,000 in 1996-1997 (Paper V) while in

Because UKA has a higher CRR and is claimedorway the number in 1997 was 28/100,000
to be more technically demanding than TKA(Havelin 1999) and in the U.S.A. 92/100,000
(Sculco 1994), statistical associations are easier (@AOS Bulletin 1999). For hip arthroplasty there
find. Still, it is probable that our findings for thewere 108 hip arthroplasties/100,000 inhabitants in
UKA also would be valid for the TKA, although to Sweden 1996-1997 (Malchau et al. 1999), while
a lesser extent. in Norway the number was 114/100,000 in 1997

However, we do not know if there is a breakingHavelin 1999) and 87/100,000 in UK 1996
point in mean number of operations/year, aftgBirrell et al. 1999). To be able to compare the na-
which results do not improve or if the results graddons with respect to demand or offering of sur-
ually get better with increasing number of operagery the age and sex specific incidence has to be
tions. Further, it is unclear exactly what factorgonsidered. However this information is at present
caused the differences in results based on thet readily available for many countries.
mean number of operations. Factors such as dif-Our finding for knee arthroplasties, that the in-
ferences in patients admitted to certain units, shalfdence of operations for RA did not increase dur-
life of implants (lower turnover / older polyethyl-ing the last 20 years while the increase was pro-
ene), availability of sizes (few operations / fewfound for the older age groups with OA, was
implants available) or surgical skill may all be olsomewhat unexpected. One might expect that pre-
importance. While unable to pin-point the exactious insufficiency in operative capacity with a
reason(s) for the difference observed, we believmacklog of patients waiting for surgery would
that a probable reason may be a difference in thave resulted in an increase for most age groups
surgical routine expressed in the combined skiind diseases. A possible reason for the findings
in using proper indications for surgery, performimay be that the RA patients already were treated
ing the surgery (especially in relation to positiowithin the Swedish hospital system with their
and alignment) and handling the postoperativehysicians aware of the operative possibilities
rehabilitation, which can be claimed to be greaterhile the information spread more slowly to the
at a center where a procedure is performegeneral practitioners treating the majority of the
frequently. older OA patients. Further, the indications for sur-

This is supported by our findings that the imgery may have widened with less disability re-
plant with inferior mechanical properties was noguired for treatment and with increasing safety of
affected by the number of operations, while thanesthetic methods, patients previously regarded
technically demanding implant was. as to old are now offered surgery.

The conclusion that the operative volume can During 1996-1997 the incidence of knee arthro-
affect the surgical skill and thereby results raisgsdasty in Sweden was still increasing. We can only
the question whether the problem can be amendspleculate if it is approaching a steady state. How-
by increased training of surgeons or if technicallgver, even if the incidence would not increase fur-
demanding cases should be centralized to specititer, the Swedish population is getting older.
ized units. If unattended, the problem might resulEhus, with the age specific incidence from
in a chain reaction where inferior results would996-1997 and the expected age profile of the
lead to still lower volume and worse results. population, we can expect that the demand for
knee arthroplasty surgery will increase by at least
one third during 2000-2030.

On the other hand we found that there are no
signs of a hidden demand of future revision sur-
The magnitude of arthroplasty surgery for coungery. The ratio of revisions/ primaries has been
tries is often expressed as the number of arthréairly constant, or even slightly diminishing over
plasties per 100,000 inhabitants. By this measuréae years, and as the main increase in number of

Incidence
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primary operations has been in the older aggtudy. Although OA and RA had a similar overall
groups, it is unlikely that this will change. CRR, adjustment for differences in age, gender
and time of operation had the effect that patients
with RA had 0.75 times (Cl 0.6-0.9) less risk of
revision than those with OA.

That RA patients are more prone to infection after
While encouraging results after total knee arthrdeint arthroplasties has previously been documented
plasty have been reported in patients younger th@foss et al. 1984, Bengtson et al. 1987, Knutson et al.
56 years (Gill et al. 1997), with CRR as low as 1%4994). We found that the risk during 1988—-1997 was
at 10 years (Cl 0-4%) (Duffy et al. 1998), we2 times (Cl 1.5-2.6) that of patients with OA (1.4
found (Paper VI) that knee arthroplasty in youngtimes (Cl 1.1-1.9) in TKA only).
er age groups was associated with an increasedMomen accounted for 68% of the primary ar-
risk of revision. Our findings are consistent withithroplasties in the SKAR as well as among the
previous reports from the register as well as witMedicare patients, which was somewhat higher
the Finnish Arthroplasty Register (Halonen et aproportion than reported for hips in Sweden
1997) and among Medicare patients in the Unite@0%) and for knees in Ontario (63%), but lower
States (Heck et al. 1998a). than for knee arthroplasties in Finland (78%).

The CRR at 10 years of 12% after TKA for OAWhile women are reported to have lower risk of
(9% for RA) in patients younger than 65 yearsevision after hip arthroplasty (Malchau et al.
(1988-1997) was lower than the 26% (14% fot998) and after knee arthroplasty in the Medicare
RA) reported from the Finnish register for 1980-and Mayo studies, the Canadian and Finnish stud-
1995 but higher than that reported by Diduch aniés did not find gender to affect the overall risk of
coworkers in 1997 for patients aged 55 years oevision after TKA. This was also the case in our
less, operated during 1977-1992 because of Qhaterial when all the diagnoses were analyzed to-
and post traumatic conditions (13% at 18 years)gether. However, when analyzed separately, we

Of primary knee arthroplasties registered ifiound that in RA men had a higher overall risk of
Sweden 1975-1997, 78% were performed for Ofevision, while in OA gender did not affect the re-
and 17 % for RA. However, because of the invision rate.
creasing number of operations for OA the propor- Although gender did not affect the overall risk
tions were 85% and 11% respectively duringf revision it significantly affected the risk of revi-
1988-1997 and 87% and 9% during 1993-1998ion for infection. In both RA and OA men had 1.6
The proportion of RA patients is somewhat highetimes (ClI 1.2-2.0) the risk of women of becoming
than reported for hip arthroplasties in Swederevised for infection (all implants as well as TKA
from1992-1997 (OA 76%, RA 6%) (Malchau etonly), which is in accordance with what has
al. 1998). In Ontario, Canada during 1984-199Meen reported earlier for RA (Wilson et al. 1990).
OA was diagnosed in 85% and RA in 12% of pri- In Sweden, overall revision rates after knee and
mary knee arthroplasties (Coyte et al. 1999hip arthroplasty have gradually diminished
among Medicare patients in the U.S. during 198%Lewold et al. 1993, Knutson et al. 1994,
1990 in 89% and 6% respectively (Heck et aMalchau et al. 1998). We found that the improve-
1998a), while in Finland in 1995, OA was thement was mainly seen after TKA but not after
cause in 85% and RA in 13% of primary TKAUKA, which might partly be caused by the
(Halonen et al. 1997). In these studies, as well &gher failure rate of some recently introduced
that of a large series from the Mayo Clinic datatJKA implants (Lindstrand et al. 1992, Lewold et
base (Rand et al. 1991), the RA patients weid. 1995). The improvement after TKA could not
found to have lower revision rates while oppositbe explained by the increased number of opera-
results have also been reported (Kristensen et tibns in the elderly with lower revision rates.
1992). However, it should be noted that compari- That age, gender, and time of operation affect the
sons between groups could be elusive becauserefision rate illustrates the difficulty in comparing
differences in case mix. This was illustrated in outhe results of studies that differ in this respect.

Outcome
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Although RSA studies have shown that uncetween older and newer versions (PCA-Duracon)
mented implants have had a higher rate of eanyhile in other it has been more difficult (Marmor/
migration than cemented (Albrektsson et alRichards)). Fortunately for TKA, the design
1992), significant differences have not been founchanges seem to have generally resulted in an im-
regarding the continuos migration that has begsrovement of CRR. As reported from the Finnish
related to loosening (Grewal et al. 1992, Ryd et alrthroplasty Register for TKA (Halonen et al.
1995). Our findings that during 1988-1997, tha997), we found the most commonly used models
overall risk of revision was 1.4 times (Cl 1.1-1.9]TKA and UKA) among those with the lowest risk
higher for TKA with uncemented tibial compo-for revision. This may of course be implant relat-
nents indicates improved fixation for cemente@d, but may also be caused by other factors, such
implants. However, the majority of the uncementas better instruments used for aligning the im-
ed implants in our study were porous coated, amdants and the increased surgical routine when the
more recent RSA studies have indicated that tteame implant is used often.
newer hydroxyapatite-coated implants have no
more micromotion than cemented implants
(Nilsson et al. 1999).

As previously reported (Robertsson et al. 19971:he future
Robertsson et al. 1999) we did not find that thEor a patient with osteoarthritis of the knee, being
risk of revision was significantly affected by theoffered a knee arthroplasty, it is relevant to know the
use of a patellar component. Unlike Petrie and coisk for a complication or a revision. The CRR at 10
workers in 1998, we did not find that patellar reyears estimates the risk, for patients that live 10
surfacing affected the revision rate for infectionyears, of experiencing a revision but the true propor-
However, in Sweden the majority of the patellation of TKA that come to revision is lower (as some
components used have been all plastic while thmtients decease before becoming revised). To calcu-
reported increased rate of infections was related kate the risk for a longer period (15-20 years), all pa-
metal backed components. tients operated since 1976 need to be included in the

The CRR for UKA was higher than for TKA. evaluation. With a mean age at primary arthroplasty
However, the failure pattern was different. In acef 72 years, the mean life expectancy was 12 years.
cordance with previous reports (Bengtson et alhus, it is obvious that the long-term results are
1991, Knutson et al. 1994) the risk for UKA ofmainly based on younger patients. The observed
becoming revised for infection is substantialljjower CRR in older age groups is probably a result of
lower than that for TKA, making UKA less sus-less load on the joint because of a lower daily activi-
ceptible than the TKA to ending in an arthrodesity level, combined with reluctance in offering revi-
or amputation. As previously stated (Lewold et akion surgery to sedentary people with concomitant
1998), a failed UKA is best revised to a TKA. Furdiseases. Predicting the future risk for a patient of be-
ther, if revised to a TKA the risk for patients of recoming revised is difficult. Overall the CRR for the
revision was comparable to their risk of becomingest performing TKA implants in patients with OA
revised had they been operated with a TKA in theould be expected to be less than 5% at 10 years,
first place. increasing by 50% in the younger age groups and

The CRR does vary between implant modelglecreasing by 50% in the older ori€ke CRR for
However, the observed differences do not need the best UKA implants can be expected to be 50%
be solely caused by differences in implant durabihigher than that for the best TKA. It has however,
ity. Other patient related factors, surgical routinéo be kept in mind that the most successful im-
and technique might affect the results, as well gdants have had half of the overall average revi-
the willingness of surgeons to revise (operativsion rate.
risk, difficulty of revision, bone stock, gain in While knee arthroplasty surgery has improved
quality of life). During the years, most implantsconsiderably during the last decades, there is
have had at least some minor design changes §itill room for improvement and new techniques
some cases we have been able to distinguish kzee constantly evolving.
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Better design and stricter testing of new imabilities may further have increased the demand
plants has reduced the occurrence of material iffer an easy rehabilitation after surgery.
plant failures. However, HDPE wear is still a Surgical routine and skill has an effect on the
problem. While use of ceramic and metal-oneutcome after arthroplasty. With the increase in
metal implants have mainly been limited to the@umber of operations to be expected and the com-
hip, new types of cross-linked UHMWPE are nowplexity of implants available, some sub-special-
being introduced for use with knee arthroplasty. ization may appear. Instead of joint arthroplasty
Loosening has been related to migration of imbeing the operation for every orthopedic surgeon,
plants, wear and subsequent inflammation with ahe more difficult operations will in the future be
increase in joint fluid production and pressure. lgentralized to fewer surgeons and centers.
an effort to improve implant fixation, biological With the evolution in design, materials and
stimulation of bone in-growth is being tested withmethods, the hope is that complication and revi-
local and systemic growth factors, with use of regsion rates will be reduced. However, not all inven-
ulating factors such as bisphosphonates and witlons studied in the SKAR proved beneficial and
new implant coating materials such as phosphatdature monitoring of the results is important.
apatites. Thus, the importance of the SKAR will not
In an effort to reduce tissue damage ankbssen in the future. In Sweden, authorities have
shorten the rehabilitation period, some implantseecently begun privatizing hospitals, which may
are being inserted with minimal invasive techincrease the competition between units and call
nigues and computer assisted surgery is being def accounting of results.
veloped to improve accuracy. Although promis- The register recently introduced the registration
ing, the use of these new technologies is still ratlof the part numbers of implants inserted paving
er uncommon in Sweden and the advantages ahe way to more precise classification of implants
still to be proven. and materials. This will allow for outcome evalua-
Infections after knee arthroplasty have lessendbn with respect to factors such as type of coating,
during the years and seem to be reaching a plalastic thickness, asymmetry of components, stem
teau. Antiseptic and aseptic preventive proceduréength, etc. The recently introduced ICD10 coding
have become well established. The routines réy the PAS database will facilitate classification
garding the indications and use of antibiotic proef diseases and procedures making it easier to in-
phylaxis at a later time in life preventing haevestigate relevant hospital admissions after knee
matogenous infections are less clear and will hawethroplasty surgery. Further, by directly asking
to be developed and followed. patients to fill out self administered question-
Problems related to the patella have becommaires, more detailed information on health effects
more prominent as a cause of complaints and redan be gathered, which in the long run may assist
sion surgery in recent years. The benefit of using judging procedures and substitute for scheduled
asymmetrical femoral components and patellgrostoperative outpatient visits.
buttons is still being debated and new designs areAfter 25 years, the register has a future where
constantly being introduced. Widening of the indiits service to the participating units will diversify
cations for knee surgery to patients with fewer diand improve.
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Conclusions

¢ Of the revisions performed 1976-1995, one During 1985-1995 the mean yearly number of
fifth were not reported to the SKAR. Compari- medial UKA performed at the operating units
son of the SKAR and the PAS database wasaffected the risk of revision. Generally the num-
found to be an effective method of improving ber of UKA performed at each unit was low. Pa-
the registration. With help of responding pa- tients operated at units performing less than one
tients, and the PAS register regarding deceasedarthroplasty every other week had a higher risk
and non-responding patients, the SKAR could of becoming revised than patients did at units
be updated. The addition of unreported revi- performing more. Three different types of im-
sions led to a generally higher CRR than pre- plants analyzed separately showed a different
viously reported. sensitivity to operative volume. An implant

with known design and mechanical deficiencies

¢ In 1997, 6 (2-17) years after primary knee ar- was not affected while a surgically demanding
throplasty, 81% of all patients operated during implant was highly affected and the most
1981-1995 were satisfied or very satisfied with commonly used implant was affected to a lesser
their knee while 8% were unsatisfied and 11% degree.
uncertain. The disease leading to surgery was

found to affect satisfaction to a larger extenf During 1976-1997, there has been a surge in the
than the type of primary surgery. 22% of revised nymper of knee arthroplasties performed for
patients were unsatisfied with their knee 5 (0- QA as opposed that for other diseases. The in-
16) years after revision. In light of the practical crease in number of operations for OA has
problems with extensive follow-up and the lack mainly been caused by an increase in surgery of
of a gold standard regarding postoperative re- the elderly. Compared to the number of hip ar-
sults and how they should be measured it seemshroplasties performed in Sweden, a further in-
reasonable for the national register to continue crease in number of knee arthroplasties may be
to use failures and revisions as an outcome Mmeaexpected. In the past, the increase in number of
sure for knee arthroplasty. knee operations has only partly been caused by
changes in the age profile of the population.
« In patients with OA operated during 1985-1995, However, future changes in the age profile can
UKA had a higher rate of revision than TKA. be expected to increase the demand by 1.1 % a
However, after taking into account the cost of year.
revisions, the economical cost of primarily us-

ing UKA was lower than if TKA had been used. \wjith the data in the SKAR updated till the end

instead. This was because of a shorter hospitalpf 1997, this study showed that survivorship

stay and less expensive implants that made theygs affected by patient-related (age, gender, di-

primary UKA procedure cheaper. Further, seri- agnosis), time-related (year of operation), im-

ous complications were not found as often after plant-related (type and brand) and technique-re-

UKA as after TKA. lated (use of cement) factors. The update of the
register resulted in an increase of CRR. Howev-
er, general conclusions drawn from the register
in recent years were not affected.
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Summary

The Swedish Knee Arthroplasty Register was inipatient satisfaction. 95% of patients operated be-
tiated in 1975 on a national level to monitor andween 1981-1995 responded, of which 81% were
prospectively follow patients treated with knee arsatisfied or very satisfied, 8% unsatisfied and 11%
throplasty. At the time, knee arthroplasty surgeryncertain. The proportion of satisfied patients was
was in rapid development, and the individual exaffected by the preoperative diagnosis, while there
perience of surgeons was minimal. In the begirwas no difference in proportions of satisfied pa-
ning, the registration was voluntary, but as th&ents between those who had a TKA or a medial
project was founded by the Swedish orthopedidKA. In unrevised cases the satisfaction rate was
community with surgeons excited about the proselatively constant regardless of the time passed
pects of this new type of surgery, the participatiosince the primary operation. Although revised pa-
was good. Later on, the project was helped hyents were not as satisfied with 22% being unsat-
central and local health authorities that realizingsfied with their knee 5 (0—16) years after revision
the benefits, began expecting all operating uniturgery, revision surgery must be considered ef-
to participate in the registration. Because of thiective.
high number of primary operations, an unbiased While a TKA resurfaces both the tibio-femoral
loss in reports of primary arthroplasties has natompartments of the knee, a UKA is normally
been regarded as a problem. However, with reviised to resurface only one of the compartments.
sions utilized as the end-point in survival analyTherefore, a TKA is always an alternative that can
ses, it is important that revisions of included pabe used instead of a UKA. With the TKA having a
tients are reported. To validate if revision statugenerally lower CRR than the UKA, it has been
was correctly recorded, a postal survey was madevocated that TKA should always be used, even
among all living patients, registered as operated unicompartmental disease. On the other hand,
during 1975-1995, to inquire if they had been resupporters of the UKA have claimed it to have
operated without this being reported to the regi€linical benefits. To evaluate the economical
ter. It was found that 1.7% of the respondin@ffect of using a TKA instead of a UKA for uni-
knees, previously registered as unrevised, had dompartmental arthrosis, we investigated the peri-
fact been revised but not reported to the registexd 1985-1995. By using the PAS database, the
This amounted to one fifth of all revisions. Wehospital stay of patients when operated could be
further investigated if comparing of the SKARdetermined. 15,437 primary TKA and 10,624 pri-
with the PAS database, an administrative systemary UKA were compared regarding length of
run by the health authorities, was a feasible way tibspital stay, cost of implants and rate of revision.
locating missing revisions. We found that of theAge, gender and the year of operation were taken
lost revisions, revealed by the postal survey, 84%to account in calculations. As expected, the
could be located. The method was thus used TKA had a lower CRR than UKA. We estimated
search for lost revisions in the non-responding arttat if all 10,324 UKA patients had been operated
deceased patients. with a TKA instead, 537 fewer revisions could
Although a revision is a well-defined event in-have been expected. However, as the primary
dicating that the original surgery has not, succes$KA was more expensive, the initial cost had in-
fully or definitely, managed to solve the initialcreased by USD 17.6 million (exchange rate in
knee problem, it says nothing about the majorityune 1995) which was considerably more than the
of operations that never come to revision. Thestimated cost for the 537 revisions. Further the
postal survey performed to validate the registddKA had less risk for serious complications than
gave an opportunity for a short inquiry regardinghe TKA. These findings illustrate that not only
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the crude revision rate should be taken into abecause of widening in the indications for surgery.
count when choosing implants but also implanPast changes in the age profile of the population
cost, the revision pattern and clinical results, wheonly explained a small part of the increase in sur-
available. gery while future changes, with unchanged inci-
It has been claimed that the UKA is technicalldence, may increase the demand for knee arthro-
demanding surgery. This may partly explain thelasty by 1.1% /year. The incidence of knee ar-
relatively high CRR. To investigate if results werehroplasty is higher in the USA than Sweden and
affected by the volume of surgery performed, wéhe incidence of hip arthroplasty in Sweden also is
analyzed the mean number of UKA operations donsiderably higher than that of knee arthroplasty.
year at each operating unit and correlated it witlhus, it is probable that the incidence of knee ar-
the CRR. We found that number of UKA perthroplasty may rise beyond that generated by the
formed at each unit was low and that performinéuture changes in the age profile.
less than one UKA every other week was associat-The previous major report from the SKAR, re-
ed with an increased risk of revision. Howevergarding demography and results, covered the
implants behaved differently. For an implant withyears 1975-1992. After an additional 5 years the
known inferior properties, the CRR was not afnumber of primary arthroplasties had almost dou-
fected by the operative volume while the CRR fobled and was 57,533. With the register validated
a technically demanding implant was highly afand updated with respect to revisions it became
fected and the CRR for the most commonly useabpropriate to analyze the data again with special
implant was affected to a lesser extent. Thus nagspect to the last 10-year period. The results did
only implant related and patient related factors imot significantly affect the conclusions drawn in
fluence the rate of revision, which further illus-previous reports, although the update led to a gen-
trates the limitations in relying on the revisioreral increase in CRR. In TKA, we found that high
rates of occasional studies when selecting inage, RA, recent operation and cementing of the
plants. tibia component were associated with reduced risk
With the sharp rise in number of operations obef revision while the risk of becoming revised for
served in recent years it becomes of interest tnfection was increased for males and in RA.
evaluate the causes and try to estimate the futukKA had higher CRR than TKA but less risk of
trend. Combining data from the national censusecoming revised for infection. Loosening was
register (Statistics Sweden) with the informatiorstill the major cause of failure after both UKA and
in the SKAR made it possible to determine the ageKA. Revisions in which only some components
specific incidences of knee arthroplasty and evalvere exchanged had an increased rate of re-revi-
uate the effect of past changes as well as of preion. Failed UKA revised to a TKA had signifi-
dicted changes in the age profile of the populatiocantly less risk of re-revision than if the revision
on the demand for surgery. We found that the pastas a new UKA, additional UKA in the same knee
increase in number of operation mainly had beeor partial revision of the UKA.
caused by inclusion of older age groups, probably
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