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The economic impact of failures in total hip

replacement surgery

28,997 cases from the Norwegian Arthroplasty Register, 1987-1993

Asger Furnes', Stein A Lie?, Leif | Havelin', Lars B Engesaeter! and Stein E Vollset?

The Norwegian Arthroplasty Register was estab-
lished in 1987. Until January 1994, approximately
200 different implant combinations had been used in
total hip replacements (THR) in Norway. About 5,500
THR were performed each year in this period with a
total cost of 70 million USD per year. We analyzed
the economic consequences related to the use of
some inferior primary hip arthroplasties in this
period.

As the reference arthroplasty, we chose the most
commonly used prosthesis in Norway, i.e., the
Charnley prosthesis fixed with high viscosity cement
containing antibiotic and with systemic antibiotic
prophylaxis (n 4,970). We compared this reference
group to all other primary THR registered in the
same time period (n 24,027), and to the following
sub-groups of primary THR: 1) uncemented Ti-Fit/
Bio-Fit (acetabulum/femur) combination (n 173), 2)
uncemented Coxa/Femora combination (n 153}, 3)

THR with low-viscosity cement (n 1,807) and 4) THR
with Boneloc cement (n 1,250).

We estimated the number of additional revisions
compared to the reference arthroplasty after a fol-
low-up of 3-5 years in the different groups, with ad-
justment for age, sex and diagnosis. The direct extra
revision costs were calculated.

Compared to the reference arthropiasty, the group
of all other primary THR gave an extra revision cost
estimated at about 1.7 million USD per year. About
1,000 uncemented Bio-Fit femoral prostheses have
been applied in Norway, including those implanted
before the registration started (1985-1987). The
extra revision costs the first postoperative years for
these 1,000 prostheses amount to about 0.7 million
USD per year. Corresponding figures in the Coxa/
Femora group were 0.08 million USD, in the group
with low-viscosity cement, 0.3 million USD and in the
Boneloc group, 0.4 miflion USD per year.
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Though the economic benefits of total hip replace-
ments (THR) have been documented (Cushner and
Friedman 1988, Kristiansen 1990, Boettcher 1992),
the costs are posing a formidable challenge to the
health care system. In Norway, the annual cost of hip
arthroplasty amounts to about 70 million USD, and
the revision costs account for about 18% of this fig-
ure.

We analyzed data on close to 30,000 primary THR
collected in the Norwegian Arthroplasty Register
from September 1987 until January 1994 to address
the economic consequences of implants and cement
types, used in Norway, that have been found to be in-
ferior (Havelin et al. 1991, 1995).

Patients and methods

Primary THR and revisions from September 1987 un-
til January 1994 in Norway, with 4.3 million inhabit-
ants (1993), were registered in the Norwegian Arthro-

plasty Register. All 64 hospitals where THR are per-
formed in Norway participated, and both primary op-
erations and revisions were reported individually. The
patients were identified by their unique 11-digit social
security number assigned to all Norwegians, and the
revisions were linked to the primary arthroplasty by
this number (Havelin et al. 1993).

The prostheses were grouped by their trade names.
The trade names of the prosthesis used in the acetabu-
lum and in the femur respectively together constitute
one THR combination. Thus the Spectron/ITH com-
bination denotes an arthroplasty using a Spectron
prosthesis in the acetabulum and an ITH prosthesis in
the femur. The Charnley arthroplasty—i.e., the
Charnley/Charnley combination (DePuy, UK) with
high-viscosity antibiotic-containing cement in pa-
tients also given systemic antibiotic prophylaxis—is
the commonest combination in primary THR in Nor-
way and has a good outcome (Espehaug et al. 1995,
Havelin et al. 1995). This arthroplasty was therefore
chosen as a reference group (n 4,970), to which all
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other results were compared.

The reference group was first compared with all
other primary THR registered in the same time period
(n 24,027). The survival curves were constructed by
the Kaplan-Meier method. Survival time was defined
as the time from the primary THR to the first revision,
irrespective of the reason. The subgroups were fol-
lowed until less than 50 hips were at risk. Survival
times of prostheses in patients who died without be-
ing revised were censored. Confidence intervals
(95%) were calculated using Greenwood’s variance
estimator (Dixon et al. 1990). The number of revi-
sions during the first 5 years was calculated for the
reference group and for the other arthroplasties sepa-
rately. Adjustment for differences in age, sex and di-
agnosis was carried out by stratification. 5-year sur-
vival probabilities were estimated for the two groups
in 8 strata defined by age (< 70, > 70 years), sex and
diagnosis (arthrosis vs. other). Thus the adjusted
number of additional revisions of implant A over a 5-
year period compared to the reference was:

8
Extra TeV )= '21 [Pj )~ Pj (Reference)] % Nj (A)
i=

where j=1,2, ..., 8 denotes the eight age-sex-diag-
nosis strata; Pj (A) the 5-year survival probability of
implant A in stratum j; Pj (Reference) the 5-year sur-
vival probability of the reference group in stratum j
and Nj (A) the number of type A implants in stratum j
registered. We note that the adjusted number of extra
revisions is the sum of all strata of the stratum-specif-
ic differences between type A and the reference. Thus
if a prosthesis performs better than the reference, the
number of additional revisions will be negative.

The survival data of the uncemented Ti-Fit/Bio-Fit
(Richards, TN) (n 173) and Coxa/Femora (Thackray,
England) (n 153) combinations, the cemented pros-
theses with low-viscosity cement, i.e., CMW 3 with
and without gentamicin (CMW Laboratories
Dentsply, UK) and Palacos E-Flow (Schering-Plough
International Inc., New Jersey, NJ, USA) (n 1,807)
and the THR cemented with the Boneloc cement
(Polymers Reconstructive A/S, Farum, Denmark)
(n 1,250) were in the same way compared with the
reference arthroplasty. The additional revisions were
estimated in each group. For the Boneloc group and
the Coxa/Femora group, however, maximums of 3-
and 4-year follow-up data, respectively, were avail-
able.

The analyses were performed with the BMDP sta-
tistical package (Dixon et al. 1990) and custom-writ-
ten FORTRAN programs.

Based on the Norwegian diagnosis-related groups
(DRG), an uncomplicated primary THR was allocat-
ed a cost of 12,500 USD in 1994 (Sosialdepartement-
et 1993). In an economic appraisal in 1990 (Daellen-
bach et al. 1990), the extra costs associated with re-
operations were estimated at 3,000 USD (the base
case). At an annual discount rate of 3%, which has
been the discount rate used in health care budgeting in
Norway during the last 4 years, the figure today is ap-
proximately 3,500 USD.

On the basis of these figures, we have estimated the
direct cost of all kinds of re-arthroplasties to be, on
the average, about 16,000 USD (1 USD = 6.50 NOK).
The direct costs include the cost of the intervention
and the treatment of postoperative complications.

Resuits

During the years 1987-1993, 199 combinations of ce-
mented and uncemented prostheses with different
trade names were used. Only 48 of them had been
used in more than 30 hips each (Table 1), and only 12
of the combinations that had been implanted in more
than 100 hips each had been in use throughout the
whole registration period (Table 1). In 1993, 29 ace-
tabular components and 26 femoral components with
different trade names were used, compared to 32 and
30 different trade names, respectively, in 1988. How-
ever, the number of different designs and sizes among
these implant trade names has increased from 398 in
1988 to 487 in 1993.

Uncemented arthroplasties are most commonly ap-
plied in younger patients and the preoperative diagno-
sis is less often primary coxarthrosis (Table 2).

The estimated cumulative probability of revision at
5 years was 4.4% in the group of all other primary
THR, compared to 2.2% in the reference group (Table
3, Figure 1). Using an estimated revision cost of
16,000 USD, the direct costs of these 533 additional
revisions (adjusted) in a S-year period thus came to
8.5 million USD (95% confidence interval: 5.4—12
million USD) (Table 4).

The estimated revision percentages at 5 years for
the Ti-Fit/Bio-Fit combination and at 4 years for the
Coxa/Femora combination were 26% and 17%, re-
spectively (Table 3, Figure 2). If the nearly 800 Bio-
Fit prostheses implanted before the registration peri-
od were included, the extra costs have been 0.7 mil-
lion USD per year in the first 5 years postoperatively
compared to 0.08 million USD per year in the Coxa/
Femora group (Table 4).

The cumulative probability of revision at 5 years
for the group of THR with low-viscosity cement and
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Table 1. Total hip replacements in Norway, Sept 1987-Jan 1994 (n 28,997). Observed
frequency of different combinations used in primary arthroplasties

costs of these revisions during a
5- and 3-year period, respec-

tively, amount to 1.3 million

Acetabulum-Femur No. % Period used USD in each group (Table 4)

1. Cemented
Charniey/Charnley 13409 57.7 1987-
Exeter/Exeter 2992 129 1987
Titan/Titan 2053 8.8 1987~ i i
Spectron/iTH 1467 8.3 1887- Discussion
Elite/Charnley 860 3.7 1988- e y ity ar.
Spectron/SP Il Lubinus 277 12 1987~ In view of the number of hip ar
Spectron/Bio-Fit 226 1.0 1987-1992 throplasties  performed, many
gpeﬁtronfﬁtan (Lubinus) 209 0.9 1987~ different types of implants have

P Hip (Lubinus)/SP Hip (Lubinus, 207 0.9 1987~ . -

LMT Biomet/LMT Biomet 197 09 1987-1991 been used. Moreover, most of
SP Hip (Lubinus)/Lubinus 171 0.8 1987~ them have been applied in only
Muller Type/Miiller Type 165 0.7 1987~ a few cases for a short time.
Spectron/SP Hip (Lubinus) 162 0.7 1987 Thi lud al
Modular Hip System/Bio-Fit 143 06 1992- s preciudes proper cvalua-
Biomet Watson Farrar/LMT Biomet 13 0.5 1989-1991 tion of their survivorship and
European cup system/LMT Biomet 73 0.3 1987-1991 the economi -es of
Miller THP/Mller Type V 65 03 1988-1989 © economic consequences o
Scan-Hip/Scan-Hip 57 03 1987-1992 this practice. The costs of or-
Milier Type/Miiller Type V 51 0.2 1987-1988 thopedic implants and of the
Spectron/Spectron 41 0.2 1988~ : , :
Maller Style/Miiller Style 30 01 19871989 equipment related to their use
Spectron/Miiller Type 30 0.1 1987-1992 represent a major contribution
Original M.E. Miiller/Griginal M.E. Mtler 30 0.1 1987-1880 to the increase in the average
Others: 65 different combinations (1-27) 188 0.8 hospital «t for THR (Barb
All cemented combinations 23250 100 ospital cost tor (Barber

5 Uncemented and Healy 199.3, Clar_k 1994).
Corail/Corail-Atoll 1459 389 1988— Thus the practice of introduc-
Gemini/Profile 328 88 1991~ ing a new implant system in
European Cup System/LMT Biomet 243 6.5 1988-1991 N has b .
Endler/Zweimdiller 242 65 1987-1991 orway has been expensive.
LMT Biomet/LMT Biomet 238 6.4 1987-1991 The surgeons now seem to be
Ti-Fit/Bio-Fit 173 46 1987-1991 e of the pr and f
Harris-Galante/Harris-Galante 155 4.1 1987 fiwar the problem and fewer
Coxa/Femora 153 4.1 1988-1992 implants (trade names) are cur-
Aesculap Parhofer/Aesculap Parhofer 150 4.0 1987~ rently applied. Nevertheless,
Tri-lock Plus/Profile 79 2.1 1988-1992 . . .
Landos/Zweimuller 79 2d 1989~ more consideration should be
PCA/PCA 52 14 1987~ given to the cost/benefit rela-
Opti-Fix/Ti-Fit 52 14 1990- tionship during the develop-
Endler/Landos 49 1.3 19871989 d as t of
Ti-Fit/Ti-Fit 46 1.2 1989-1992 ment and assessment of any
ABG/ABG 39 1.0 1992— new technology, compared to
LINK Cementless screw in cup/ es ished T ake

LINK Rippensystem 37 1.0 1988~1992 the ta.thh o.ne. 0 .mdk

Ceraver/Bio-Fit 32 0.9 1987-1989 economic evaluations, it is es-
Others: 36 different combinations (1-24) 140 3.7 sential that valid statistical data
All uncemented combinations 3746 100 on the survivorship of the dif-

3. Hybrids tt of implants are col-
Titan/Corail-Atol 21 328 1988~ ferent types of implan °
Endler/Landos 335  26.1 1987-1992 lected. In the absence of pro-
SP Hip (Lubinus)/SP Hip (Lubinus) 98 7.6 19871992 spective randomized studies of
Gemini/Charnley 73 57 1991 . .
Ti-Fit/Bio-Fit 51 40 19871992 the various implant systems,
Coxa/Charnley 39 3.0 1988-1991 prospective multi-center regis-
LMT BiometLMT Biomet 35 27 1987-1990 tration of these operaﬁons
Others: 50 different combinations (1-20) 233 181 . Lo .
All hybrid combinations 1285 100 might function as a continuous

at 3 years for the Boneloc group, were 7% and 8%,
respectively (Figure 2, Table 3). Thus 83 additional
revisions would be necessary in 5 years in the low-
viscosity cement group and 82 additional revisions in
3 years in the Boneloc group (Table 4). The total extra

quality control. The analyses
made in this article confirm the
additional economic benefits of this registration.

The survival time was defined as the time until the
first revision, irrespective of the reason for the revi-
sion. As our article addresses the economic conse-
quences of the differences observed, the reasons for
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Table 2. Age, sex and preoperative diagnosis in percentage in the 6 groups

n Age<70yr Men  Coxarthrosis
Charnley/Charnley, reference 4970 454 26.0 55.8
All other primary THR 24027 54.1 31.6 7041
1) Ti-Fit/Bio-Fit, uncemented 173 99.4 36.4 30.1
2) Coxa/Femora, uncemented 153 97.4 35.3 38.6
3) THR with low-viscosity cement 1807 39.2 30.8 80.4
4) THR with Boneloc cement 1250 38.6 27.8 79.6

Table 3. Estimated probability of revisions at 3, 4 and 5 years

Remain atrisk {(n)  Revi- Cumulative probability of revision (%)
— sions

Acetabulum— Femur n 3yrs 4yrs Syrs 3yrs 4yrs 5yrs
Charniey/Charnley, reference 4970 2357 1504 710 72 1.5(1.1-1.8) 1.9 (1.4-2.4) 2.2 (1.7-2.8)
All other primary THR 24027 11813 7951 3998 656 2.6(2.3-2.8) 3.6 (3.3-3.9) 4.4 (4.1-4.8)

1) Ti-Fit/Bio-Fit, uncemented 173 143 134 81 53 16.2(10.7-21.7) 20.9(14.8-27.0) 26.2 (19.5-32.8)

2) Coxa/Femora, uncemented 153 105 78 39 26 14.6(9.0-20.2) 16.5(104-22.6) -

3) THR, low-viscosity cement 1807 856 535 292 64 3.0(2.1-3.9) 5.5 (4.1-7.0) 6.7 (4.9-8.4)

4) THR, Boneloc cement 1250 12 4] 0 45 7.6(5.0-103) - -

All revisions included.

Table 4. The difference in the estimated number of additional revisions compared to the reference arthroplasty and the extra

costs related to arthroplasties with inferior results

Estimated revisions Additionalrevisions  Extra costs

per 1000 primary THR 2 compared to ayear
n Unadjusted  Adjusted® the reference®  USD (million)

Reference group 4970 22.4 22.4 - -
All other primary THR 24027 44.5 44.6 533 1.71

1) Ti-Fiv/Bio-Fit, uncemented 173 261.8 247.4 39 0.12

2) Coxa‘fFemora, uncemented 153 164.72 159.12 2182 0.08

3) THR with low-viscosity cement 1807 66.5 68.4 83 0.27

4) THR with Boneloc cement 1250 76.53 80.12 g22 0.44
Historical data

Christiansen 6500 150¢ 829 2.65

Wagner 2200 360°¢ 743 2.38

21In 5 years except for the Coxa/Femora combination (4 years) and the cemented THR with Boneloc cement (3 years).
b Adjusted for differences in age, gender and diagnosis compared to the reference group.
¢ Survival data from Sweden and Australia (Ahnfeit et al. 1990, Howie et al. 1990).

these revisions are of less importance here, but are
given in other publications (Espehaug et al. 1995,
Havelin et al. 1995).

in estimating the economic impact of the revisions,
we chose to focus on the expected direct costs for rea-
sons of simplicity, i.e., the actual cost of the interven-
tion. The Norwegian DRG-data fail to register com-
plications and comorbidity, and they do not account
for longer operation time or larger expenses in terms
of consumable items used as compared to a primary
THR (Dreghorn and Hamblen 1989). Neither the
evaluations preoperatively nor the postoperative fol-
low-up are included. Thus they refer to the average

hospital cost of an uncomplicated primary THR. Ac-
cording to Lavernia et al. (1995), revision hip surgery
is not comparable to other arthroplasty cases. They
estimated the average total charges for a revision total
hip replacement in their hospital in Miami to be
30,000 USD or 1.5 times that for the primary case. An
average direct revision-cost of 16,000 USD in Nor-
way therefore seems to be a usable although conser-
vative approximation. The exact cost in each case de-
pends on the revision procedure and the revision im-
plants chosen.

Based on the survival data presented, a total of 107
additional revisions had to be made each year in Nor-
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Figure 1 (Right). Cumulative revision rates (percent; all indica-
tions) and 95 percent confidence intervals, according to
Kaplan-Meier, for the reference group (Charnley with high-vis-
cosity antibiotic-containing cement) vs. all other primary THR.

Figure 2 (Below). Cumulative revision rates (percent; all indica-
tions) and 85 percent confidence intervals, according to
Kaplan-Meier for the reference group (Charnley with high-vis-
cosity antibiotic-containing cement) vs. the uncemented Ti-Fit/
Bio-Fit combination, the uncemented Coxa/Femora combina-
tion, THR with low-viscosity cement and THR with Boneloc ce-
ment, respectively.
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way because of implant combinations used with re-
sults inferior to the reference arthroplasty. Thus the
extra costs related to these revisions have been 1.7
million USD a year. It should be emphasized, howev-
er, that this group with inferior overall results also
contains implants with results equal to and even supe-
rior to the chosen reference arthroplasty (Espehaung et
al. 1995, Havelin et al. 1995). If these had not been
included in the analyzed group, obviously the differ-
ences would have been even larger. We considered the
Charnley arthroplasty to be an appropriate reference
as this is the most commonly applied prosthesis in
primary THR in Norway, with wide applicability, and
it has documented good, although not the best, short-
and long-term results.

In the quality control of prostheses there is no sub-
stitute for long-term observational or—preferably—
randomized studies. The first Christiansen total hip
arthroplasties (Francobal, France) in Norway were
performed in 1970 and the preliminary clinical results
(median 6 to 12 months follow-up) were considered
good (Sundal et al. 1974). Despite poor documenta-
tion of clinical results, at least 6,500 primary THR
with the Christiansen prosthesis were performed in
Norway before its high rate of aseptic loosening was
recognized in the early eighties (Josefsson et al. 1981,
Sudmann et al. 1983). Based on this number and an
observed revision rate of about 15% at 5 years (Ahn-
felt et al. 1990), the direct extra costs for the Norwe-
gian health care system were at least 2.7 million USD
per year (Table 4). The total direct revision costs of
the Christiansen prosthesis in a 10-year period with
an observed revision rate of 37% (Ahnfelt et al. 1990)
have been close to 40 million USD.

Moreover, the early results of cemented and unce-
mented double-cup resurfacing THR were encourag-
ing (Steinberg 1982, Amstutz et al. 1986). This ar-
throplasty was introduced in Norway in the late sev-
enties, but because of still poorer results Freeman and
Bradley (1983) abandoned it 4-5 years later. An esti-
mated number of 2,200 Wagner double-cup prosthe-
ses (Aesculap-Werke, Germany) had then been im-
planted in Norway, and from September 1987 to Janu-
ary 1994, 304 of these prostheses were revised. With
an observed revision rate of about 34% at 5 years
(Ahnfelt et al. 1990, Howie et al. 1990), the direct ex-
tra costs have been about 2.4 million USD annually,
compared to the reference arthroplasty (Table 4). The
total revision costs with an observed revision rate of
72% (Ahnfelt et al. 1990) have been about 25 million
USD in the first 10 years postoperatively.

The inferior results of the uncemented Ti-Fit/Bio-
Fit combination have been published earlier (Havelin
et al. 1995). The Bio-Fit component was introduced

in Norway before the Register was established, was
freely available and was applied in about 1,000 THR
all together (Havelin et al. 1995). Compared to these
3 examples, the production of the Femora prosthesis
was stopped after a report from the Norwegian Ar-
throplasty Register in 1991 (Havelin et al. 1991).
Only 153 of the Coxa/Femora combination had then
been reported to have been used in Norway.

The effect of cement type on prosthesis survival in
Norway has been reported by Havelin et al. (1995).
After only 3 years of prospective registering, the infe-
rior resulis of the Boneloc cement have been docu-
mented and its use has been abandoned in Norway.

Although hip-replacement surgery has a significant
economic impact on the health care system, the bene-
fits of THR offset the direct and indirect costs of this
treatment (Cushner and Friedman 1988, Kristiansen
1990, Boettcher 1992). Valid economic evaluations of
new technology, nevertheless, ought to be performed
in order to justify decisions in allocating scarce re-
sources. The former Christiansen and Wagner arthro-
plasties and the examples chosen here confirm that
prospective registration and follow-up are necessary,
and superior results must be documented before tull-
scale adoption of new implant technology can be rec-
ommended. The numbers of implants and implant
combinations should be reduced and the clinical supe-
riority in randomized trials should be a requirement
before the marketing of new implants.
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