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3 BACKGROUND

3.1 Hip disecase

The study of bones from prehistoric periods tells us that
arthritis and other hip discases have represented a problem
for mankind since ancient times (Ackerknecht 1982).
Degenerative arthritle, mogt commonly called arthrosis, is the
and stage of many hip dispeases. Most capes of arthrosis ln the
hip (coxacthrosis) are, however, primary (without xnown
cause), and typically o<curs above the age of 60 years, and
most often among women. The most common causes of secondary
coxarthrosis are seguelas after pacdiatric hip disease.
Patients with sequelas after proximal femoral fractures and
patients with inflammatory acthritis (i.e. rheumatoid
arthritis and ankylosing spondylitis} represant othar large
groups with hip disease.

Arthritis, degenerative or inflammatory, usually glives
pain and stiffening of the joint. Conservative tresatment with
analgesics, non-stercid anti-inflammatory drugs, and
physiotherapy is usually attempted. If this treatment dees not
have a satisfactery effect, an cperation with total
replacenent of the hip, hip arthroplasty, has boaen the
treatment of choice for the last two decades,

3.2 Hip arthroplasty

The original meaning of the term hip arthroplasty was any
surgical formation or reformation of the hip joint. The first
known arthroplasty was Jdone in the 18808 by Ollier who used
periarticular soft tissues (Amstutz 1991}. During the last
decades, however, an arthroplasty of the hip has become
synonymous with a total hlp replacemeat (THR), which Lla an
cperation where the degenerated joint is replaced by an
artificial joint. In the acetabulum a cup (uswally made of
polyethylena) is inserted, and on the femoral side, the
prosthesis replaces the femoral head (caput). The femoral head
iz uwesually fixed by a stem which goes down into the femoral
canal. There are many typés of prostheses made with diffarant



desligne, from differant materilais, and with differont
coatings. Most prostheses are fixed to the bone with bone-
cement, of which there are wmany different brands, but the
proatheses can also be fixed by bony Lagrowth without the use
af cement.

Generally the results of hip arthroplasty are very good.
Most patients are pain-free and have a hip with a better range
of movements than precperatively. About 10-15% of the
patients, however, get some problems, of which the most common
are:

- hoeptic loocsening of the componants

- Infection

- Dislocation of the jolnt
The most important problem has been the fixation of the
prostheses, as the prosthetic parts say loosen after some time
(aseptic loosening). Aseptic loosening is treated by revislon
with replacement of the loose parte. If a hip arthcoplasty
bacomea infected, the problem is serious. The prosthesis
uvsually has to be removed or replaced in order to heal the
infection, Other reasons for revision might be recaorrent
dislocations of the hip jolnt, fracture near the prosthesls or
mechanical failure af the prosthetlic parte.

3.3 Wistoric review of hip arthroplasty.
The first known joint replacement using forelgn materliais, was
parformed in 1890, when Thomas Gluck used ivery to replace hip
joints (Amstutz 1991, Faro and Huiskes 1992).

in the years to follow, tha cure of painful hip disease
was a4 great challeage to many famous surgoons, like Smith-
Peterson, Judet, Hoora, McKee, Miller, Ring and Charnley.
These and several other surgecns designed, comstructed,
tested, and clinically evaluated their prostheses. With their
"trial and error” work, thesa surgecns contributed to the
development of arthroplasty, but all of them were unsuccessiul
with at least some of their products. The developmental
process, howsver, differed very much among these surgeons. The
decision when to market a new device was crucial.
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Unfortunately for many paktiests, some inventors marketad their
devices before they knew how the prostheses performed
clinically.

The reason for the succegs of John Charnley in the 19608,
was that, after laboratory testing, he tested his new
prestheses in small grouwps of patients and then walted for the
regults. For cxample when he found problems with the teflon-
Like polytetraflucrethylene he stopped the use of it and
alerted the orthopaedic community (Charnley 1963, Faro and
Hoiskes 1992). He did not market his prostheses before, after
geveral failures, he hod found the materials, hesd diameter,
and the bone cement that performed well. He even went go far
that only surgeons he had trained himself were allowed to use
his prosthesis {(Amstotz 1%%1). This is in contrast Eo the
inveatores of other proetheses, for example the Judet acrylic
femoral head prosthesis, which has been considered a disaster
in hip replacement surgery (Fara and Huiskes 1982).

During the period from about 1940 to 1960, orthopaedic
surgeons learped that hip replacement surgery might give good
results, but they also learned that some prostheses wars
disasters. A most Iimportant lesson that should have been
learned from that period; but which still seems not to have
been taken in, is that hip prostheses should be tested
clinically bafore world-wide marketing and general use.

In the 19708 and early 1980s, several popular hip
prosthesess had wvery poor results. Moreover, these poor results
were often not detected before the prostheses had been used
for several years in thousands of patients. The surgeocns had
gtarted to use the new prostheses, made after appealing new
principles, before anything was documented about their
clinical results.

3.4 Hip arthroplasty in Norway

Tha Worwegian surgeon Tor Christiansen constructed Ehe
Christiangsen prosthesis (Christiansen 1969, Sundal 1974) with
geveral new detalls in design. In the second generation of the
prosthesis; the plastic material polyacesal (Delrln 150,
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Dupont) was used. Laboratory tests had shown that the
Christiansen prosthesis had very good frietlon properties
{Benoist Girard, unpublished), and t£he trunnlon beariag head
seemed to be a good solution. This prosthesis beceme the most
popular hip prosthesis in Norway in the 1570s. The first
Horweglisn follow-up study of the Christiansen prosthesis was
publighed in 1983 (Sudmann et al. 1983). The study showed thaz
after 5-8 years of follow-up, 31% of the Christlansean
prostheses had been revised, compared to 4% of the Charnley
prosthegea. Most prostheoses At that time gave poorer results
than the Charanley prestheses. It was, however, surprising and
dimappointing that Scandiravian surgeons had ceed this
prosthesis for many years and in more than 10,000 patients
before cthey wore able to document ite poor performance.

The Wagner prosthesis and other double-cup prostheses
became popular in Nerway shortly after the period with the
Christiansen prosthesis. A double-cup prosthesls is a
prostheses which, in addition to the acetabular cup, has a
metal cup re-gurfacing of the lemoral head. Tt was later
documented that the results of the double-cups were f[ar
inferior to those of the Christiansen prosthesis, with 30%
raviged after five years and 60% after eight years (Howie et
al. 1350},

Following the double-cups, the uncemented hip prostheses
had & growing popularity im Morway in the cighties. The belief
that the cement itmelf caveed the loosening of prosthesas
explaine their popularity, even though no good long-term
rasults of uncemented prostheses had been demonstrated. Once
agaln new hip prostheses were riding on & wave of popularity,
and the surgeons used these prostheses in great nucbers
without knowledge of their clinical results.

pazed on the poor results with the Christiansen and the
double-cup prostheses, Professcr Einar Sudmans initisted &
natlon-wide registration system for THRs in Horway through the
Worwegian Orthopaedic Asmociation. In 1983, Professor Sodmann,
Dr Lars B. Enges®ter, Dr Tor Steinar Raugstad, and other
orthopaedic surgeons in Norway started to work towards
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establishing a national hip implant register. From 1986 Dr
Lelf I. Havelin has been in charge of the day-to-day wark,
Ehe registration atarted in September 1987.

and
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4 THE NORWEGIAN ARTHROPLASTY REGISTER

The hip arthroplasty register was established in 1987 by the
Horwegian Orthopaedic Association. It was located at the
Haukeland Unlverslty Hospital, with doctors only working sparae
ctime, From 1992, it has been a part of the Department of
Orthopaedliecs and Traumatology, with a consultant orthopaediec
surgeon as head of the Regicter.

Economical support from the Horweglan Medical
Rgsociation's Fund for Quality Improvement has been received
Eince 1953. During the last 3 years this support has
represented the working capital for the hip zegister. It alse
made it possible to extend the register to include prosthesas
in all joints, from January 1994.

Cooperation with the Section for Medical Informatics and
Stacisties (SMIS) of the University of Bergen started ian 1991.
investligations in the reglster have since been planned and
conducted jointly with Professor Vollset from SHIS.

It was decided that the maip aim of the Hip Reqgister
should be to detect inferior results of hip lmplapnts as early
ag pogsible, and the register was designed with thiz aim im
mind.

The ragister is nation-wide 8o as to iaclude az large &
numbar of patients as possible and so as to be able to follow

patients even when they were reoperated at other hospitals
than where their primary operations had been performed.

t was expected that a major long-term problem would Do
the participation of the surgeons, and the registration forms
were therefore made as simple as possible to fill im. DF

recperations, pnly pevision with exchange or removal of onc o
sore of the prosthetic parts wers registeged. Thus, no other

reaperations euch as reductions of dislocated prostheses were
included.
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5 AIMS OF THE PRESENT STUDY

Based on data from the Norweglan Arthroplasty Register the

aims of the study were to:

1.

Sutwvey hip arthroplasty surgery in Horway.

Investigate the consequences of the introduction of
gncemented hip arthroplasty in Horway.

hssess the results of the different types of coemented
and wncemented hip implants.

Study the impact of the cement types on the results of hip

prostheasas.
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6 MATERIAL: PATIENTS AND HIP PROSTHESES

All the papers in this thesis are based on data from the
Norwegian Arthroplasty Reglister,

Paper 1 surveys hip arthreoplasty surgery. In this papear
wi ingluded all operations from September 1987 to December
1990, recorded in the Register before February 1991
(n=17,444).

In the next article (Paper Il1}, comparing the cemanted
and uncemented prostheses, patlents operated with primary
prostheses for primary arthrosis, and where both components
ware aither cemented or not cemanted, were gelected
(n=15,335). These patients had been cperated in the perlod
1987-1992, and had am ecbservation peariod of 0-5.4 years.

In Paper III, different types of uncemented femoral
components were compared. We included primary uncemented
Eemoral prosthesss in patients with stem types that had bean
used in at least 100 operations each (n=2,%07).

In paper IV, on cement Lypes, only patients operated with
primary Charnley prostheses for primary coxarthrosls and
without any previous coperation in the index hip were incloded
(n=§,579%. The operations had been performed in the pericd
from Saptamber 1987 bo February 1994.

Paper V, on uncemented cupa, ls based on primary
cparations from the same pericd as in article IV. Cup types
which had been used in at least 100 primary operations each
wera analyzed, and patients with all diagnoses were included
(n=4,352).

Paper VI, on different cemented prostheses, included
patlents with primary arthrosis who had been operated with the
mest common high viscesity cemants and with THRs that had &
potential follow-up of 500 prosthesis-years (n=12,179).

The time period covered was from September 1987 to Februarcy
1994.
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7 METHODS

7.1 Data Collection

The orthopasdic surgeons have filled in the hip register
form after cach operation where hip prostheses were inserted,
exchangad, or removed. The form was malled ts the Arthroplasty
Register where the data were coded and recorded on a computer,

The form is shown in Figure 1. An English translation can
be found in article I. The form is simple to £ill in (it takes
less than 2 minutes), and it has space for free text comments.

In 1993, the form was simplified by removing the
guecstions on pain, walking abilities and patient category.

7.2 Claggification and code systems

When the data were recorded in the Register, the free ftex: wasg
transformed to code numbers. For example, when coding under
Diagnoses of gther (Figure 1), a list of the about 30
different other diagnoses reported were made. A similar system
was made for previous cperations im the index hip, reasons for
revisions, and for complications.

Because it was common practice to combine components with
one trade name (brand) with components with other trade names
to make a THR, a more complex coding system had to be
constructed for the prostheses. Moreaver, the number of
different designs within each trade name was large. Several
designs, based con completely different principles, were often
marketed under the same trade name. Thus, components made for
uncemented and cemented use, with and without porous and/or
hydroxy apatite-coating, could exist with the same trade rame,
and a vast number of combinations of head, cup, and stem were
possibie. Accordingly, we recorded cach part of the THR
separately, and sach component was registered on catalogue
number level. One code number was made for each trade name
(brand) and subnumbers were made for each design within the
trade name. The prosthesis trade name could thus be recoardead
even if we had incomplete information on which of its designs
that had been applied. Several manufacturers of hip prostheses
have provided stickers with catalogue numbers along with the
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implants. Use of these stickers on the forms has improved the
aceuracy of the coding.

Several different cements ware uged for fixation of the
prostheses, and & code list had to be made for the cement
types. The cement was recorded separately for the femoral and

acetabular components by trade name, viscesity, and addition
of antibiotic.

7.2 Quality control of data

The secretaries discussed forms with unclear or
incomplete information with the consultant, and these forms
often had to be returned to the hospitals for completlion.
Checks were performed regelarly in the data base, searching
for syetematic errors which were corrected.

Once a year, the contact person at each hospital received
statletics for hissher hospital. They were asked to check the
numbers and to send forms from operatlons not reported. In
addition, similar statistics from the whole country were
supplied, making it posslible to compare one's own hospital's
resultes with the nation-wide results.

7.4 Statistical methods

We uged survival analyzern (Kaplan & Maier, 1958) to cstimate
the probability of the prostheses not being revised. The main
eénd-point in the analyses waz revision of the prosthesis. Both
revision for different reasecns and revisien of different
components could be used as end-point. In survival analyses of
hip prostheses, patients are followed until the end-polint
securs (revision). If follow-up ie terminated for other
reagons than revielion (e.g. death or emigration) the
obsarvation is censored. The susvival time for patients who
died without hawving hed & revislion, were censored at the tlime
of death of the patient. Thus, the survival time from the
primary operation until the tirme of death was included in the
analyeses and the prostheses of these patients were counted as
guccegses. The survival time of the prostheses that had been
revised for other reasone than the defined end-point, were



also cengored. Thus, in analyses on survival until revision
infection were censcred at the time of thelr revision.

Maltivariate survival &nalyses (Cox regrassion) were
performed to investigate the influence on the results of
factors suich as gender, age and diagnosis. The results of the
different implants were compared, with adjustment for the
above factors.

In addition, in all the articles on prosthesis survival,
supplementary analyses (Kaplan-Meler and Cox analysis) were
carried out restricted te emaller homogencus subgroups.

The two sided log-rank test was used to reveal
statistically significant differences between groups in the
Kaplan-Meler analyses. Score-tests were used in the Cox-
analyses.
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8 SUMMARY OF RESULTS

Papar I.

This paper cantains a survey of the hip arthroplasty in Horway
from September 1987 to the end of 1990. We found that 69% of
the patients were women. The mean age was 70 ye&ars (range: 12-
§7% for primary opérations amnd 71 years (range: 1B-93) fer
revisions. 13.% % of the operations ware revisions. Primary
arthrosis was the diagnosis in 68% of the primary operations,
sequelas after hip fracture inm 13%, rheematoid arthritis 4%,
sequelae after dysplasia B%; and dysplasia with dislocation
28. The most common reasong for the revielons were looeening
of the stem (64%) and loosening of the cup (56%). Dislocation,
infectlon and, fracture of the femur each accounted [or 4% of
the reascns.

The acetabular componeats were uncemented in 17% and the
stems in 12% of the primary operations and ip 21 % and 17% of
the revisions. The Charnley was the dominant prosthesls type
with 49% of all implants. A total of 422 different designs and
sizes of cups and 398 different steme had been used in this
period. The annual incidences of THR in Horway were
L24/7100.000 and 134/100.00¢ inhabitants in 1989 and 19%0
respectively.

Paper 1T.

In this paper, the nation-wide overall results of the cemented
primary THRS were compared to yncepegted primery THRs in
patients with primary coxarthrosis. The EKaplan-Meier estimate
of the cumulative failure at 4.5 years was 2.7% for cemented
and §.5% for uncemented THRs. In patients under &5 years; the
cumelative 4.5 years failure was 3.3% for cemented and 7.9%
for uncemented THRs. For the acetabular components the
cumelative 4.5 yeocars failure was 0.46% for cemented and L.7%
for uncemented, and corresponding figures for femoral
components were 1.7% and 3.9%. Two (2.0) times hlgher risk of
fallure was found with the uncemented compared to cemented
THRs in Cox regression analyses, with adjustments for age and

25



sex. Cemented TERs in women had a better prognesis than in
men, but there was no difference in the results between the
sexes with uncemented THRa. The largest difference in results
between cemented and uncemented prostheses was seen amang men
under &0 years.

rapear III.

The different types of uncemented femoral components were
compared in this paper. At 4.5 years, the FKaplan-Meier
estimate of the revision because of aseptic loosening of the
eter was 4.5% for all implants, 18.6 for the Bio-Fit
prosthesis, and 13.6% for the Pemora stem. The PM-prostheses
and the Harris/Galante stems were revised in 5.6% and 3.6%
respactively. The Femora (a clockwise threaded gtem) nasded
revislon in 20% of right hips but in only 4% of left hips. The
Corail, LMT, Profile, and Zweymiiller stems all had
probabilities for revision of under 1% at 4.5 years. Cox
analysee with adjustment for age, gender and diagnosis
confirmed these results.

Paper IV

This paper addresses the impact of different cementsz on the
survival among primary Charnley prostheses. The end-point was
revision fer aseptic loosening. For the femoral componenta,
the overall 5.5 years cumulative revislon rate was 2.8%. The
feroral components with the low wiscesity cement CMW 3 had an
estimated 5.5 years revision rate of 5.9%, whereas the
components with high viscosity cement had a 5.5 years revision
rate of 1.8% (p<0.001). Banslaes cement had only been veed for
3 years, and the femoral components with this cement had a
revision percentage for aseptic locsening of 4.5% after only 2
years (p<0.0001 compared te each of the groups with high amd
low viecosity cemented stems).

For acetesbular components; there were only small
differences among the cements that had been used throughout
the period, with a cumulative survival better than 99% for all
types after 5.5 years. Cups with Boneloc cement had poorer
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results than the others, with 1.2% revision already after 2
Years,; compared to 0.2% for the others at that stage
(pe0. 001y,

Addition of antibiotic to the high viscosity cement gave
a small improvement in survival, with statistically marginal
significance in the survival of the stems and the cups.

Restricting the comparison to cements without antibictics
and with adjustments for age and gender in a Cox model, the
femoral components with low viscosity cements had a 2.5 times
(95% confidence intecvel (CI}: 1.6 to 3.8) increasad risk for
revision compared to high viscosity cemented componeate. Those
with Boneloc cement had an 8.7 times (95% CI: 5.1 to 14.8)
increased rate of revision.

Paper V

In this paper, the resulte of the different types of
uncemented cups were compared. The overall Kaplan-Meier
estircate of the cumulative revision for aseptic looceening of
the cups was 3.2% after 5 years and 7.1% after & years. Hone
ef the unthreaded porous-coated hemispheric cups
(Harris/Galante (n=221) and Gemini (n=405)), and only one of
the HA-coated cups (Atell (n=772) and Tropic (n=1,171)) had
been reviged. The results differed among the threaded matal
backed cups, from no revisions of the PM-cup (n=148) to A&
cumulative revision percentage of 20.6 for the Ti-Fit (n=300}.
The threaded all-polyethylese Endler cup {n=334) had a
cumulative revision percentage of 13.9% after 6 years. Cox
analyses with adjustment for age, gender and diagnosis
confirmed the results.

Unlike the other papers, wa found poorer results among
women than among men. The threaded cups had an increased risk
of revislon In women compared to men, and these cups pecformed
less wall in patiemts with inflammatory acthritis (rhevmatoid
archritis and ankylosing spondylitis) than in patisents with
arthrosis. The HA-coated and the hemispheric porous-coated

cups,; however, had good results in all groupe of patients.
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Paper VI

In this paper we compared the results of the 10 most common
cemented total hip prostheses. The Kaplan-Meier astimate of
Ehe overall percentage crevieed at 5 years was 2.5, and the
correaponding flgure for the Charnley prosthesis (n=6,654) wasg
2.9. The revision rate for the prosthesis types were compared
to the Charnley prosthesis using Cox regression, with
adjustment for gender, age, typet of cement, and use of
systemic antibiotice. The revision rate for the Spectron/ITH
combination (n=1,034}) was only 0.35 times of that of the
Charnley. The Elite/sCharnley combination (Elite cup and
Charnley atem)} (n=507) and the Miller Type prosthesis (n=116)
showed poorer resulbts with feilure rates of 2.3 and 2.7 times
that of the Charnley respeactively. Among the other types there
ware only miner differences in results.

The pattern of causes for revision was similar among the
different prostheses except for the Elite/Charnley combination
where & of 12 revieions were due to infections, compared to
20% of revisions for this reason in the total material.

Male patients had a failure rate ratio of 2.2 compared to
WOmen.



8 DISCUSSION
9.1 METHODOLOGICAL COMSIDERATION

#.1.1. Register studies wverses randomized trials in total hip
roplacement surgery.
A well performed randopized clinical trial prevides the
strongest evidence for conclusions about the results of
different treatments, b.s. different total hip prosthases.
Randomization provides an asymptotic guarantese that the groups
are comparable both concerning koown and unknown confounding
factors.

Ideally rendomized clinlcal trials should be carrvied out,
with several years of follow-up, before new prostheses are
parkated. However, In hip replacement surgery, randomized
studies have not been reguired by the autherities and
ralatively few such studies have besen published (Grosa 1988,
Faro and Huiskes 1992). As the results of hip arthroplasty are
generally very good, large numbera of patients are needed to
demonstrate differences; and the studies must continwe for
mapy yeare. To detect a difference in the probability of
loosening between two prosthesis types with fallure rates of
3% and 5% respectively, a total of 3,008 patients are reguired
to obtain a significance level of 0.05 with a power of BOW
(Rosner 1590). To detect a difference of 1%, with the same
statistical sigalficance level and power, 13,474 patients are
required. The time needed in a randomized study with a smaller
number of patients might be so long that the problem or the
prosthesis studisd may have lost ite relavance before the
study ls finished.

As randomized trials are unpractlical and few, Lt is
important to evaluate the results of hip surgery in large
register studies. An advantage in naticn-wide register studies
iz thelr large numbers of patlents, and that the results of
many prostheses and many patlent categories may be addressed
in the same study. Register studies give a nation-wide
overview of the regolts. Thie in contrast to randomized
studies in which results are studled in smaller groups of
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patients. As discussed in Paper IV, it is more of academic
intereast to find good results of a prosthesis or of a cemant
irn & randomized study, whers the operations ars performed by
gpecially tralned surgeons, if the patiop-wide results are
PooT .

A disadvantage of reglster studies ks that known and
unknown confounding factors may be cnevenly distributed in the
study groupé. Young male patients with a known poor prognosis
might be given uncemented prostheses in a hlgher percentage
than old female patients with & known good prognosia. If
pocrer results are found with uncemented prostheses, these
results might be caused by a greater number of patients with a
poor prognosis in the auncemsnted group. However, the oneven
distribution of risk factors in the comparison groups can be
dealt with, or adjusted for, in speveral ways in register
ctudies. One approachk 1s to select 8 homogenous subgroup of
patients to study the effect of different treatments or
prostheses, and to perform additional tests within even more
homogenous strata of patiepts. Another approach is to perform
maoltivariate analyses, for example Cox regression, where the
glmultanecus effect of several risk factors such as age,
gender,; and diagnosis can be studled. Thess riek factors can
be adjusted for, when we coapare the results of different
prostheses.

2.1.2. Completencas of data
All the orthopaedic surgeons and all the hospltals in Horway,
through the Norweglan Orthopaedic Associstion, hawve agreed
upon reporting to our register. The follow-up 1s complete in
the sanse that revisions will be reported even if the patient
is revised at another hospital than where the primary
operation was performed. However, reporting to a large
register will never be absolutely complete, Hote, however,
that only selective under-reporting of revisions of some types
of prostheses could affect the differences in results of
prosthesis survival.

An indeperdent investigation on numbers of THRs in each



hospital was done for 1989 and is referred to in article 1
{Solheim 1991}. We have aleo been in regular contact with the
Norwagian Institute for Hospital Research (NIHR} in Trondheim,
comparing our numbers of operations. During the first years,
our numbérs ware larger than those reglstered in the HIMR. For
the years 1992 and 1993, our numbers were 5% lower. Four
gmaller county hospitals did neot report to us during these two
years, and this accounts for half of the discrepancy. As far
as we are able to check the data, the underreporting was not
associated with special implants or patients, and wo are
assuming that at least 90% of the THRs performed in Norway are
reported to the Register. For these reasons, and in accordance
with Dorey and Rmstutz (1989) who addressed the validity of
survival analyses, the under-reporting is assumed to be evaenly
distriboted among groups of patients and types of implants.
Thug it will not affect the relation between results of the
different prosthesis types.

9.1.3. pafinition of failures

Failure was deflned as a revision where the whole prosthesis
or a part of the prosthesls, was removed or exchanged. Other
end-points are posslble. For example, a prosthesis may be
regarded a failure if it is radiographically loose, or 1f the
hip bacomes painful or infected, even if the prosthesis has
not been revised. It would, however, be practically impossible
to use these definicions of failures in a nation-wide register
study such as the Morwegian Arthroplasty Register. The use of
the other end-points would demand that all THRs were followed
ragularly in clinical and radiographic controls, which is not
common in Morwegian hospitals. We therefore found revision to
be an objective, and the only practical, end-point.

With revisioa as end-point, we have used the most strict
definicion of fallure. Thus all our failure rates are low
estimates compared to analyses with other eand-polints.

A disadvantage with this epd-point im that there might bae
diffarences between the gurgeons’ indications for revisien.
The time interval between the mozment the suvrgeon has found an
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indication for revision and when the revision ls done may also
differ betwaan hospltals. As sach hospital usually only has &
limited nusber of prosthesis types, the differeance in walting
times and revislon policy could therefore affect the results
of some prosthesls types more than others.

Another igsue is that patients with known inferlor
implants, for example those with Boneloc cement, are followed
more closaly by the surgeons and might have a lower threshold
for revision than patients with other types of prostheses, In
later investigatlons, results of these lmplants with already
doacumented poor results may therefore show falsaly high rates
of revision compared to the other implante.

The revislon ls an undisputable avent, but the reason for
ravision im not always completely clear. In our reporting
gystem the surgecns glve all the information immediately
postoparatively. A wa gat no new report 1f pecoperative
cultures are positive, subclinical infections might be unader-
diagnosed. Furthermore, during revisions of one prosthatic
component, locsening of the other componant may be foand
paroperatively. The revision way therefores somctimes be
carried out earlier than Lt would have been if the loosening
had been diagnosed radiographically. These problems, however,
apply to only small numbers of revislens.

These conslderations mean that one should be especially
careful about drawing conclusions from the resules of
prostheses with few revisions. However, as our numbers of
revisions are minimum numbers, the problems above can never be
used as an excuse or an explanation of poor results of a
prosthesis. The results would have been even poorer if we had
used esnd-points such as "planned revision® or “"radicgraphle
loosening®.

9.1.4 Selection of study groups

in prinelple, comparing results of different treatments should
ocnly ba done when the patients in the comparison groups are
similar in all aspects apart from the treatment vnder study.
In an cbservational study this cannot be achleved completely,



but the compared grouns will be very similar if homogenous
patient groups are selscted. Supplementary analyses of this
kind on homogenous subgroups were done in all the papers.

#.1.5 Seatistical methods.

Survival analysis is & more appropriste method for evaluating
data fros the follew-up of THRe than failure percent analyses
[Borey and Amstutz 1986). The patieats with prostheses have
boan followed for pericds of different lengths, some patients
have died or smigrated with their prostheses intact, and soms
progtheses have been revised. In contrast to analyses that
only give the percentage of falled THRe, the survival analyses
take care of all this Information. As hip replacement Burgery
is mainly performed in old patisnts, it is important that the
proatheges in patients who die without having had a revision
are followed until the time of death, and then censored.

Multivariate analyses (Cox proporticnal-hazards model)
had to be vsed to study the importance of prognostic factors
such as age, diagnosis, and gender. In this modal, several
variablas can be studied simultaneously. When one variable,
guch as prosthesis type, is studied, adjustments can be made
for a net of potentiam! confounders. The importance of thess
adjustments was clearly illustrated in Paper VI, where several
of the differences in prosthesis survival after adjustment
became reduced and no longer statistically significant.

The Cox model is based on the assumption that the hazard
rates of the compared groups are proportional. This assumptlion
was not tested for specifically in our study, which had a
relatively short ebservation pericd, but the curves were
examined. In future studies with longer follow-up,
modifications of the Cox model, with different rate ratios for
different time pericds, should be considered.
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9.2 DISCUSSION OF RESULTS

2.2.1 Epideaiology of hip arthroplasty surgery

As can be seen ln Paper I, the annual incidence of primary THR
in Horway was about 120,100,000 inhabitants. This pumbay
corresponded well to the nuasbers in Sweden in 1987, but the
incidence was higher than in other countries (Harris and
Sledge 1990, Overgaard et al. 1991, Paavolalnen et al. 1981,
Halchau &t al. 1993). Soveral factors may contribute to the
high incidence of hip replacement in Norway. In the Norwegian
national health care system, the operations are fres of
charge. Similar access to operations in low and high income
growps could give & higher operation incidence in the Low-
Income groups than ln some other countries. In the early
19808, there were rather long walting lists for THR, but the
hospitals then received more resources for total hip
replacenent surgery.

The possibilicy could be considered that the high rate of
hip surgery is caused by a high incidence of coxarthrosis in
the Norweglan population, specially among women, but so far we
have no such documentation.

The large number of different brands of prostheses and
the vast number of different designs of these proschesos
{about 400 of sach of femoral and acetabular components, Paper
I}y can hardly be regarded as necessary from a surgical or a
scientific point of view. The large number of implants is more
4 consequence of the weak control of medical implants in
Horway and in most Eurcpean countriee. In Norway, each
orthopasdic department (not the individual surgeon) makes the
decision about which implant to use. The decision about which
implant to market has been left to the distributors.

5.2,2 Uncemented prostheses

In Paper II; the conclusion is quite clear that pverall the
nation-wide result for the uncesented prostheses was poorer
than for the cemented. From Paper IT it can be sean that,
especlally in younq patients, the uncemented prosthoses had
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poorer regsults than the cemented. Thus, we found the poorest
regelts of uncemented prostheses in the patients who maost
cersonly recelved uncemented implants.

Papers ITI and V show that although the overall results
with uncemented implants were poorer than with cemented,
sevaral types of uncemented cups and stems had wvery good
results. Thus, the results were more dependent on the design
and surface of the prostheges than on the use or non-use of
coment.

From arcicles IIT and ¥V it can be concluded that
uncemented implants with hydroxyapatite(HA)-coating ganerally
gave good results during the first 5 yeara of follow-up.
Moreover, good resulta were found for uncemented stems with
circumferential porous coating, and for hemispherie cupe with
porous coating.

With the above designs, the problem of fization of
upcemented prostheses seams to be resclved, at least for the
pericod up to & years. It is, however, still unknown to what
extent these prostheses might loosen after a longer periocd of
time, or whether osteolysis will becoms a more soricus problem
with the uncemented than with the cemented prostheses. During
the stody period, uncemented prostheses with a 32mm head
diameter have boon wsed in large numbers of patients in
Morway. Caput prostheses made of titanium have aleo been
common. Both these designs neem to be associated with
increased polyethylene wear (Friedman et al. 1993}. It inm
pogslble that these implants, and HA perticles in the joint
gpace (Bloenbaum & Dupont 1993), will comskitute & serious
wear and osteolysis probles in uncemented hip prostheses.
What is the best prosthesis - cemented or uncemented ?

To asgwer this guestlon rasdomized satudies with long follow-up
and large numbers of patients should be performed, and the
bast cemented prostheses should be compared with the best
upcemented, From data in the Norweglan Arthroplasty Register,
weé can still not answer this gquestion.
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9.2.3 Cement Cypes

Low-viscosity cements have been used in Norway for sewveral
yaars without clinlcal data proving thelr superiority compared
to high-viscosity coements. When surgeons also started to use
Boneloo cament withouvt documented clinical resulta, we found
it important to investlgate the results of the different
cements used in Norway.

Bacauaa of the mary THR& performed (about 5,000 a year in
Horway), the 4% poorer 5.5 year survival for Charnley
prostheses with low-visceslity cement cospared to those with
high viscosity cement represent large numbers of extra
revisions. From our material we cannot see whether the
inferior results were due to poorer properties of the cemant,
or whether the results were poores because the low-viscosity
cemant was ®oce technically demanding to usa.

Boneloc cement, which was iptroduced in Morway In 1991,
gave signiflcantly poorer results tharn all the other
typea of cement (Paper IV) only after 2.5 yesars of uge. At
this stage, the cumulative revision wae 4.5% for the fesoral
gtems fixed with Boneloc cement compared to less than ZW for
cach of all the other cements. Poor results have also bean
published by others {(Linder 199%). It remains to ba seen
whether this cement represente a new disaster in hip
arthreplasty. The Norwegian Board of Health has sent out an
international vigilance report on the Boneloc resuits from the
Horwegian Arthroplasty Regleter. Partly because of this report
the sale of the Boneloc cement wae terminated, also ebroad, in
April 1995.

This example clearly showed the ability of the Register

to reveal poor results of products as early as after about 3
years of use,

8.2.4 Comanted prostheses

Generally, the results of cemented implante were good &nd with
less variatien than the results of the cncemsnted Lleplanta.
The Charnley prosthesis has dominated in MWorway, and this
prosthesis has by many beon considered the "gold standard® in
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THR surgery (Agins et a&l. 1988, Malchau &t al. 1933,
Wroblewski and Skney 1993). In the univariate scrvival
analysis on prosthesis type in Paper VI, we found better
results for several other prostheses. However, after
ad4justoent for gender; age, cement type, and systemic
antibiotic prophylaxis, only the result of the Spectron/ITH
(cup/etem) comblinatlion ramained stacistically significantly
better than the Charnley. It should be noted that the use of
the Spectron/ITH has been limited to only & few hospitals, and
that the good results of this THR could be due to better
skilled surgeocns tham the average at these hospitals.

wWe found poorer results for the Miller Type and the
Elite/Charnley combination. The Mdller Type, with its curved
gtem, is no longer used in Norway. The poor result of the
ElitefCharnley is difficult to explain. The Elite cups in our
study had 22 m= inner diameter and larger outar diameters than
the traditional Charnley cups. A higher percentage of men was
seen among the patients with Elite cups than among patient
with other THRs, acd the cups may have been chosen durimg
difficult operations ln males with & known poor prognasis.
Another possibllity is bacterlal contamination, as 6 revisions
out of 12 were done because of infection. It must, however, be
kept in mind that the nushar of the Elite/Charnley combination
used was rathes small {(a=507%).

Paper VI covered patients with primary arthrosis and with
high viscoslty cement. In univariate analyses, wa found that
the results for geveral prosthesaes were statiatically
gignificantly different from those of the Charnley
prosthesis. For most prosthesis types, this statistical
significance compared to Charnley disappeared after
adjustments for age, gender, cement brand, antibiotics, and
eype of operating theatre. This fact clearly demonstrates the
importance of the registration of, and adjustment for, other
risk factors. These adjustments do not seem to have been done
in other large reqister studies (Ahnfelt 1990, Malchau 1993)
on hip prostheses.

Actually, for the cemented prostheses there were larger
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diffarasnces among the cement types than among the prosthesis
types. Probably or hopefully, after many years of trial and
error, the poorest designs of cesented prostheses ATE NOW No
longer used, and with the new types, the dealgn and the
regsults are only minimally different from preévious Lypes.

$.2.5 Diagnosis, gender, and age

The different diagnostlc groups, oxcept primary coxarthrosls,
ware small, and the impact of diagnosis on the results of the
prostheses was not the primary subiect of any of the papere.
Howsvar, the Cox model in Paper V showed that the riask for
revislon of uncemented cups in patients with rheumatolid
archeitis was lncreased by 2.8 (p=0.01) compared to patients
with coxarthrosis. This result was, however, caused by the
great number of revisions of the threaded cups. Tha RA
patients, like the other patients, had very good results with
the porous or HA-coated cups. To study cemented THR, we
gelected only patients with primary arthroeis. This thesis
does not glve any information on the results for cementeod
prostheses in patients with different diagnoses.

Wosen dominated in the total material and also in all the
larger diagrmostic groups such as coxarthrosis, sequelae after
fracture, and rheumateld arthritis. Earlier publicatlons have
shown better resulte in women and old patients compared to men
and young patients (Grose 1988, Ahnfelt 1990), and we found
these results among patlents with cemented THRE (Paper VI). In
patients with uvncemented THRs, the results differed for the
femoral and acetabular components: The results with the
uncemented stems were best in the women, and the results with
uncemented cups were best in men. With the uncemented
prostheses, however, the difference in results between men and
women was only found for the components with poor results. Ho
difference between the sexes was found for the uncemented THES
with good resulta,

It is possible and probable that young patients are
raviaed earlier, or with less symptoms, than older patients.
Surgeons will tend not to revise prostheses with loosening



among the wvery old patients, gspecially if they have hearz- or
lung discase. It seems possible that the good results of
progthesis surgery among old patlants can partly be explained
by the surgeons' stricter lpdlcations for revislon of thase
patiants. Similarly, it is possible that the lower revislon
rates for Blp prostheses in wopen than in men are influenced
by the surgeons having a lower threshold for revising loose
prostheses in men than in women. Such gender differences In
treatment have been reported in cardiovascular disease (Wenger
¢t al. 1993}. For these reasons, adjustmeants for age and
gender have to be done in research on hip prostheses, and
reservations have to be taken in the interpretation of the age
and gendar differences in the results of hip prostheses.

§.2.6. Marketing of hip implants.

New products must be tested in laboratories, in animal
experiments, and then ln pllet clipieal studies. Although such
tegting is not required for medical devices, as opposed to
drugs, new products should also be evaluated in randomized
clinical triesls before they are marketed. Of course, one has
to walt for the results of the clinical trials befors new
products are marketed freely. Furthermore, to aveid future
*digastars”, new products should not be used in large numbers
of patients during the first years. The Bonaloc expearience
shows that there is stlll a need for natlonal arthroplasty
regleters. Post marketing survelllance in national registers
can, however, not replace clinical trials (Linder 1995).
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10 CONCLUSIONS

1
=

e

. The Korweglan Arthroplasty register has shown its ability

o reveal poor results of hip prostheses as sarly as after
3 yaars of follow-up.

About 40 different prosthests brands, and about 400
different desligns and sizes of acetabular and feaoral
implants had been used. This is a larger number than seems
necessary from a medical point of view.

. The results for cemented implants were generally wvery good,

with only small differences between the types.

The overall results for uncemsnced prosthesss wers poorar
than for cemented THR. There were great dlifferences in
results among the uncemented THR. For cups, good results
were foupd for those with HA-coating and for the
hemispheric porous coated. For stems, good resulis were
found for the HA-coated and for those with circumferential
proximal porous coating.

The importance of the influence of the cemeat type on the
resules of THRs was demonstrated. Poorer resulte were found
with low-vigcosity cement and with Boneloc cement.

., Cepented prosthesss performed best in women and in old

patients. For uncemented stems, best results wera found in
women, and for uncemented cups, best results were found in
men. In patients with uncemented prostheses, there were no
significant age differences in the results. Within the best
designe of uncemented prostheses there were no age, gender,
or diagnosie-related difféerences in results.
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The Norwegian arthroplasty register

A survey of 17,444 hip replacements 1987-1990

Morvakd

Laif | Havedin', Birgitte Espehaug®, Stein E Vollset®, Lars B Engesaster’ and
Langeland’

In Moreay & rational mgester for total hip replace-
s was cstablished o Ssplesevber 18687, Up Bl
Foebeuary 1881, 17,444 iotal hip repincemants [THR)
wers reporied, Lo., 140 THA / 100,000 nhabsanis /
year, Tha medan age of the patents was 70 years,
and 59 percent were women. 07 pedcent wems pne
mary arhroplastes and 13 perceni wern revisions.
Primary arthrosis was the dagnoss in 68 percent of
fhae primary Opssmbion .

The acetabular implaris wers uncemsrted in 17
parcent and e femoral implants n 12 paeoent of pri-

My operations. Bn rewisiona, The mplants wens
uncasmandsd in 21 mand 1T percend, nespeotively. The
ransans for revision wees loossning of componsnts in
BT percen| anad desegr infesclion in 4 poncenl.

The (hamley prosthesh dommabed with 49 pes-
card of sl implanis. A total of 422 ditfersnt dasigna
and plmes ol acelaboler Implevis, 358 femcral me
plaits and 160 of caped desigrs and sies wone veed,
This lmmga nwmbesd of difierss] types snd designs
BT nnEasonakle.

Uksivir ity & Bt | DS trae | OF Orindpedal . fnd Trlusraigsoey, Hblislang Fospetal, it “Secinn ind Madoa

Andsrwiiech A Sanreale, MBS Beegen Meswiy. Tel <478 FWA0aO Fa & 8F2 0

Boitw=itioad G-08-30. Al Cepled B2:11-10

in FMeorway & malional regesier (oo todad hip replace-
mecnis (THRE ) was extablizhed im 1987 1o record all
prostheses on ese and o gempare the resully of the dif-
fevent rypes of impanis. We presend the den from
17444 kip replacemens reponied io the register during
thee fimsi 3 weags, pivimg & survey 0F the patends, the
techniques uscd and ke implanis.

Fatients and methods

The Morwegian reglstration of operantons staned Sep-
tember 15, 1987, The metonasl presenbed here g lodes
the operatsons regisiened before Febraury £ 1991, oo
ering X5 momshs of 1967 and the fall yean
P15l Al B Beoapitaly an Morway perfonming
THR panticipates. The surgeoon filled in ke registra-
tigan Form (Figuee 1) ummaecdistely afier cach opeeation
The patients were dentificd by theor unigue 1 1-digit
wcial securily numbel, ancludieg daie ol hinh
wisigned 1o all Norwegians. Prenperitive s, walking
absility med fonctional level were clazilfied sccomding
i Chemiey's (1979 modifkcaivon of the Merle
d’' Aushigné and Posbel {1954) clasification The e
nume of ke proatheses wilh specificatons of e,
maievial, surfice, eic., of catalogee mumber were

piven. Data o5 bath primary inal Wp replecements
sl mevisions were ioporiod. Operafions were clasis-

fied a primary. when so earlier THR had been per
formed in the inadex Hip. O reoperations, only those
where promibetis pany were giiber exchanged o
removed were recorded. Primary opernnioss, and revi
sioea wete recodded in the same way, excepl tha o
the peviwsins ihe [ndicabions for surgery were alwo
included, and n the primary operations he poimary
diagnoses were reconded.  Statilical asalyses were
deene by (e program BMDF (Doan e 2l 1990

Results

Duming tae poriod of 3 yesrs sad 35 moschy, 7,403
operathons were regisiered (Tabde 1L with | 487,
4507, 5,947 and 3,515 operalions, esch year. Some af
the hospisls did nol panicipale from t#e san. and |
bospital reporied enly a few of 3 operations, The
rursker of THE in eack boepital vased fram § i k68
during s eepialialion peiod, Primasy oferasions were
performed i @] Boitaks, bt revisiuny wehe S Joss
in 4 af the umsller hospasle. &9 percen! of e patiesls
were women, The right hip was cperaled on in 34 per-
cenl. The revissoms comsfinted (3.3 pevcesmt The
medizn wpe was M (1297} yeam for primary opera-
tioas sed 71 [18-97] years for pevisions | Table ). The
patients” symptoma, walking ahility and fesctional
prosap e given in Table 3. Primane oporalions were
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dang fist primary arbeceils in 68 pereens (Table 44 (7
percent of the index bips had undenpone susgery pre-
ceding & primary THR. ostcosynibesas of proximal
fermur rscvare (1) percem), hemiprosibexds {1 pes-
ceril, oslcosey (1 percent), and arthrodesis (0.9 per.
cent). 14 other Types of operations constinsed ¥ por.
cenl

The memsi cosnmsom of the revised proatsescs was the
Christiansem prosthens (Table 5) 90 pereenl of the
Fevited prostheses had been operated mnto the paglenty
before the periaad of regmarsiion, The indicalson for
revision was bopssnang of ome or both comgements in
BY pervent and imfection i 4 percent (Table 45 30
revisons wene performed duc b0 fractiure of the fensd-
ral compinent. [o 30 percent of s revissons all com-
panchls were exchanged, i 14 porcent anly ihe ace-
tubalar comiposent, in 23 porcend osly e femsaral
cumposcil.  Removal of both  compomens  only
{lrirdlestone eperanan) was performed in 2 percent.

A latera) approsch (Charnley 1979, Hudage 1982
vens Usenfl kn &1 percesd, and & posterpdateral apgrnach
way w8 19 peroesn. A trochanienic osleotnmy was
performsd m 14 percent of the operations, Some Lind
aof bome 1raniplatt (no specified) wad cammonly wed
when gnocmenied peosibeses were applved, 10 53 per-
ceri of primsry and 84 peroemi of revislon, Omly 7
percent of the patsssis receiving 2 comeatod peosibesis
had any bone wrangplant.

Sysiemac amibictic prophylavic was given in 9
peroent of the posmary operations, and in 9% peroent of
revisions (Table &), Use of prophylases imcsessd from
B4 perveni o 1907 10 93 percent in 1990, Cephialoapo-
nins were w19 3% porcent, and cloxacillin o digiax-
pcillen in 15 pessent. The prophvlasis wis goves for
only | day ls 56 petcent and in |7 percent Tar o
tham X days

The median spefalive time for prirnary operaiions
war % (M-AMN) menutes, and for revisons 135
4 25-100) manuies. cemented provthoses, ani the opera
ot with michaMen: oucolomy requircd  some
10=210 mirvaies e than those withoul cement or
OEEThOYY.

Cemen with anfibiotio, was used in 50 peroen of
the comented prosmbeset-—35 pocent of primary and
4 percent of revisons 12 diifesent types of cemeni
were applied. Low viscosity ocmsad was weed im 7 per-
coed of femora] and 3 peroet of scelabuler prosibeses.
12 percen) of ihe operstions were performed in a
“proenhowse”, 25 peroent in a thester with lamimar air-
florw, and B0 peicend in @ conventional teansr.

Perogesative complicalions, werr reponed fiom 3
peroeni of the primany operation s $ percen of the
revisioni. The rgskehons reslied in fermoea] frsomure in
1 peroesd. while for primary oprratoni this come
phication orcumed in 0.2 porcest of operatioas, When
uezememed femoral prostheses were wed at primary
cperaning, o fisvane i the proimal Temar or fractiurn
of Use mafor wochanies was regorved in 3 percent, but
anly i 0,7 percent when cemestod lemora) comps.
nenly were used. I revisiow. (Rese complications
wird Seew [ ) percent. negasdles of use o noneuse af
CETTICHL

feryatmndts

¥ dalfeeent sypes (on Brands) of Seubalar and 39
Ty of femanal implamts (cemesand and uncemenied)
wehe taed. A joeal of moee thas 2 N0 different com-
porsiml designs and sives of thew fypes of implanis
have boon marketed i Morway, while 423 dilferes
acctabular aed 398 femoral issplanss were achaally
weed, Some of the types (brareds) were anly femoral,
acciabular of capul compoccnts, Al the iypes Bad
compesheniie of musy different desagns wnd sizes
Within ome sangle rype of femoral 0¢ 2eembelm pras-
thesiy. there were ofien desigrs both (o cemenicd aced
uncrinetied use, amd commonly. anr sisple pe had
designs with different surfaces {coatings ). Witkin each
type of capst provteses, desgas of different dizme.
bers, neck leagibn, and commonly a0 of defferent
malerali, had been osed. The ammber of different
desigon. usid within each type ibrasd) of comgponent,
Ternoral, scetabular or capul, varsed [rom 1w S0,
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The Chamley puoathein was the moit commonly
wird: 59 percest of the cemensed accigbulss snd %7
porvent @f 1he cememied femoral prostheses (Takie T
Primary Uhritiansen scetabular corponenty. wers
tised cnly e 4 opersicen, snd these were on pulionis
whie preveouily had been given Christiansen Bsmiptos-
ibeies, Je fevises of only | afl the samgancnts,
Christiamen scciabaler or lemond composeats had
beer used an 10T and B pavients, respectively, n 4
revinionn & tevw Chrialansen ivtad prosthesls was used

M opypes 0244 different devignay amd siees) of
cemended acclabuler peoslseses and IR iypes (267
desigms and sized) of cemenied femoral prosthessi
were niod. Some of the panaibeses deslpned for wnce-
menied wse, hail been uved with cement.

In the primary operagions, 17 perceni of the sociss-
ular comgonents and 12 pareent of the Temoral, were
uncemensed. In 15 sevimions, ihe comesponding valses
were 21 and |17 pervent. Uscemered components
wore mee commwanly used in patkeniy under 65 yean
{42 pervent in acotabubam) 1ass in ike elderly (7 per-
conl in acetabalurm), and alwn mose comnsanty in men
24 percent) than in women {14 percenty, A corthina-
tun af cemented asd uncensnted components in ihe
same Eip wad rather comvmon. 15 percent of the once
mented noctabwilar prosbewss were combined with 2
cemented femawal prosibesis. Concernang the unce

meated promheses. many hospitaly changed the rype
during the period. 16 difleront iypes {238 designs and
shres) of uncemented scetabolar seed | K Qilferens {179
desipns and sires) femoral prosihesss were wsed
(Table B} OF ik fometal piontheeses the 4 mast comse
mon types corstizuied TS peroem

One iird of the comenied prostheses had a modclar
caput and of the sncemenied prostheses, vimually all
25 uypes 166 differom desspis and sizes) of modular
capu prueibewes wene used with waindes seel 21 per.
cerd, chrome-coboll wnd ceramics |7 porcent each, and
tamhiim 1Y petcent. T3 peroost of the msdulas aed (0
percent of the non=modular capita hadd a diamsier of 37
otk The most comemnn diametes on son-modialar
promheses wee 22 mm (R percent), wherer oely 3
petors al the modular capita had (ks diamserer. bn 18
cascs & Dipolar endoprosthesis {Charmley/Havtiegs)
wias wsed, lugether il an acetabular compunen from
& debile-cup prosthesis { Tharies}

Discussion

Mathanal repissens for total Bip replacerments have beep
in functivn a Sweden and Fonland Tar some veary, The
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Morwegian repister differs from the Swedishe in Swe-

den, 20 Far, only reoperstions have been reparted indi-
widaally {Ahndell 1986}, and only che 1ot numbers of

eude name o ofien weed for quine different designi,
raking companisoes emong trade nermes of less valoe.
In the Borwegisn sysiem informatson s obtained not
ondy om frede names bat o chemocnstics like size,
shape, matcrial, ssfsce. ond sysem for fination.
wihach maked assesumenls of thewe vanabley poacibie,

T bave such dotmbed infonmation repanod, i was
fesrisary b Bave & form thal could be fled in aad
wcil w0 the regliter emmedialely afier the opemlion,
Cher simple sysiem of ceporting hao beee the key for
thie high degree of pamicipatson from the MNorsegism
orihopedic wunpeces

In & natiomal Tegivier, under-ceporticg may bhe
probdem, for prmary operstione s well as far rev.
sions. Under-repanting of revisions would disturb ana-
lyses off peodtheiad wervval, ad the Taidare of & praetha-
wi i regonded only through i revidson of the femeval
o (emponent pant. In an indopendend farvey, hiow-
ever, the haspicsh’ repomed ol sambers of opefa-
tioes in 1989 duffered anly by 200 from ours ( Solheim
151, mmd ooff whesee abecast 100 weere from § hospual.

The 1989 snd 1990 numders pive the moit Come
plete anmual numibers of THE in Norsay: early 5200
and 4,500 primacy THR. This gives annsel incids nics

of prnmary THRE of 124000000 and 014000000
inhabvtants in Morsay. These number: ane sarpeisingly
high cemparcd o 3810000 in Finlaad in 1988 (Paa-
wolainen of al. 19915, and 1o B2/100NN 10 ihe couniy
of South Jutland in Deamark (Overgasrd £ 8 15913,
bul ¢ompare well w LIT00000 primary THER
reported from Sweden (n 1967 (Ahnfel o1 al. 1990
We have a0 made age-specific compansnns Berween
the & counimies.

Whea companeg the reguoe (or revicions o those
in Sweder (ARnTcl: o5 al, 1990} fewer of the revisioos
in Borway wore dose became of efection ard compo-
newl [racture. However, the Swedish matenial oa revi-
wioms Jduigs From 1979- 1986, and milcctiond and oom-
poncnl frefuits Were e ohimmd in thal peieesd,
The jercestape of boas fraciuess sad disboostion
compares well with tane o Sweden, but the pesces-
e of loosening wed hapher (n Norsay. Revisions of
Christiansen prosthesss and dooble cups. with high
frequencies of aweptic lomening (Sedmann e al 1983,
Howie et sl 19900, constituted 37 peroem of the revi-
sl in g provent stedy, Thewe provibtscs miy kave
e frin ceranon iR Noriay than th Swedes, bal @
hiw e boen ponsible (o catimats the numier of the
differen proachesss used in Morweyy befare the register
sizned (m 1967 The Chrisnlsesen prosthesiy, with i
weldl documented bnlerion revalis (Sudmann et al 1953,
Ahnfed e al. 1%50), was wed in 124 operations, b
maadly in patients in need ol only | mew component. A
new fotal Chrissianten prosthesis was tied only s 4
LAy LT



The patscats with THR im Noreay, differ from those
in Fiolasd and |n Sweden. The medion age ot the pri-
mary cperation was 70 years i Morsay, 67 years i
Finland and Ab-ff yesrs (womcn—sen) n Sweiden,
Rewnackable iv aleo the proposuon of wormee in Moe-
way (6% porooni) compared fo Swedes (51 poroomil.
The reoperations constituied choue 1o 13 percent in all
3 counimigs

There are differeaces in the types of prostheses weed
in the Scamdinawizn countrics, and there are sl great
differences. amosg the 3 countncs in the use of unee-
msmbed proacheses. bn Finkand more than 50 percent of
prrmary postheses  wem  uncemented  (Maional
Agredy for Wellare and Health 1991}, in Sweden 4
pereens {Ahalch of al. 1590) and in Morwsy 15 poreenl
{keah compesents ). Isatial analyes supgen e i
formance of eacersniod proicheses | Eagessier o &l
19920 Only the femure, ansd the follow-up, will dhow
ihe comeguences of the uie of uncermented provthesws,

The pumber of diflerent types of prostheses was
suaprizingly high From s medical poing of view, ihis
seefmys unrcasoaabde (Baser 1992), Even within cach
hospusl, several different peostheses and designs,
based o fundamenially differeal pereciples, were
ofien wed. Every orthopedic surpeon seems in have
had ks oue opsnion shosil thin mamer, I the: basay, fi
having this gres aueder of prostheses wes research, i
mass be emphasieed tat evalwation of caly 2 differen
iprosthesss poguines barge numbers of patlents and long
fodipw-up | Herhorts of al. 19890 Intresduction of mcw
prostheses oday shocld be part of melicenter soudics,
prefersbly resdomired, with scveral hasdreds, of thou-
sands, of patiems. Nisndankealion of procedses and
reduction in summbers of iypes would make the seanch
o the bew prosiheses an casber task
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Early failures among 14,009 cemented and 1,326
uncemented prostheses for primary coxarthrosis

The Norwegian Arthroplasty Register, 1987-1982

Laif | Havelin', Birgitte Espehaug®, Stein E Vollsst® and Lars B Engesmtor’

I the Horesegian Arfhmoplasty Feginter, 155355 p-
mary tolal hip roplacements (THR} in padseois wail
prnany arthrosis wene lollowed for 0-5.4 yeam.
mnummzrwhw-
#d THR, compared o 6.5 percant oy podameniad in
pabenty under B pears B curnliihée eviLions Tof
comanted amd wiconmssnisd THR were 3.3 and 7.9
parcent. For B acetabader compcsmnty, 1 Cumdd-
irer Failirps wers 0.0 parcinal foe Comieled and 1.7
pavcand for uncemoniod, and far lemorl Componanls
1.7 ared 2.0 percaad afiar 4.5 puars

Adjustes for age ardl sox ol & Cod MeQreLion
maodel, T times Peghe rEléd o MRlire wers lound

cempanng uncemenied o comanted THA. The
raduits for uncemenbsd proatheses were Mo oalp-
wornhis i poung pathents. Inomeen and v unides
B, e revinkon mies wemn ncreased 8 and 3 tmas,
reapactvely, Tor pabents with uncemanted THR com-
parned 1o thoss with cemented THA

Regtriction of The end-poind 10 reviaian fod aseplic
loosaring gave retults aimilar fo the over-all esults.
Mo diffcrence betessn camanied Bl osiemanieg
THH was saan for revisiond dus G silesiee, whsfisl
the most wnlavorable resulta o wheemenied THH
W BOGn whon reviaicni dus WD Caised offar than
indechon and asepbic loosering wond ConRidaned.

mum*wﬂmmmm st Ploptisl sred Naction o kel
Iforraton mv Blatiwbcn, N-5007 Dergan, Morsry. Tel «47-55 208080, Fax -85 572700

Batwratimd §3-01 -F1. Accepled 93-11-01

Uncomened hip prootkeacs were imroduced im Mors
way withinil sy clisical evaluaion of sheir advan
tapei comparod 1o cemented paoatheses. They comis-
tule shout 1% percend of all hip replacemnents in Nor-
way (Haveln et al 1595). In many hospitals by @
the smandand trestment in patorsy under 65 Shof-erm
aralyees i ihe Norwegien Anhmplaay Regisier were
clearly enfavomable for uncomenicd compared o
cemensed prosaboscs. Although 0 s s poasible 1o
rule out bong-tomm advanmges for oncemented THE,
we prosend peeliminary findings, companeg ance-
menisd 16 eemenled pronibessy 8 premary arihroass.

Patients and mathods

Al &4 hosgpitaly porforming THR in Moraay (4.2 mil-
tion indhabatanis} roporied ke i falaein I the MNoe-
wegian Arheoplay Regisier (Havelia e al 1993
From September 1987 umtil Febooary 1993, D408
patiois willh permary opersiions were megiatered. 17
paticads who had emigrmed were excluded. Oaly
patiestn with primary anbeosis, and who had been
epersied on with both componends, vither cemented of

umemented, were sclected (8 13,3335 Many differens
prodfcics wene weed; of the cemenaed THR, 27 sce
tabutar ard 27 femorad types were paed, and of the
urcemented, 19 scembelar and [8 femoral.

Survival times of the prostheses wene defined & the
time fiom the primary ipeeriion fo the nevidion. Revi-
mon wis defined as reopevation wath cachsnge of
removal of one o moee components. Fevisiosy for
dilferend reasons. such a3 sacpls; bemsenng, indection
and athery (pain, disbocation eich were selecied a
cnd-poamis @n versoud analyses, Survival e for
patients who dicd wites Buving had 8 revision were
eenacicd, The obaervation period was 0-5.4 vean

Sravshics
Somivel of the prosihescs was otimted by the
Kaplen and Meicr mcihod (1938) A mwo-vided bop-
rank nest was performed 1o determine if ddfcienses e
survivarship betwoea  subgioups  were  segaificant
i blanie] |96

The Cox propenionalharaeds mode] (Con 19716
wegl weid 10 exlimee the gatbo of Taibere mic for emcc-
merited THR compased o cemented THE, with adjus-
mend for e and wex. The failure rathos wene alio eeti-

fwwﬁ&_i_liﬂﬁmml TN GO0 -8 70, Prissted i Swedew = il riphss reseroed,
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The analyses were performed using the BMDOP sta-
tiasicnl package | Dinon of al. | 9500

Results

Daring the persd I9ET-1992, 15335 oo fep
replacemments, (THR) for primary anbkrosis with both
components cemenied or ercemenied sere eporied o
the Korwegian Arthroplasty Keginier

14,009 prodthests were comemicd and 1,326 ance-
meraed (Table 1., Figure 1) Pabitoh with uncemenied
THR weore younger, mess age 59 yran, than thisg
with cemnemed prosthescs, mean ape T1 year. Under
BY vears, patiens with uneemerant CiHaR|-
futed 30 percesd, whereas ever 83 years, omly 3 per-
ceni bad recelved an uncemenied THE (Tebles 1 mmd T3,

After 4.5 years, 6.5 peroent of the secemented THR
had been revised, compared %0 only 1.7 percent of the
cemenied (Figuee 1) For thase under 63 yean, the dil-
oo Belwoon uncomomiod and cemeniod prosthoscs
was lasger, with revision of 7.9 and 33 percese,
meapectively. The superonty of U cormented prosibe-
se1 persinned also whes analyses were done separmely
for men and woemen The differences berween
cemenied and uncemented in patiemts woder 63 were
A6 snd 4.2 percend {or wornen and men, respectively
(Figgare 3, Tuble 11

For thoae ower 63, hdwever, Thene s o difTerono:
bxleres comentod gned unceanemicd prosthescs,

Giender, Within the cemented grovp of prosthesss,
weimeen B o betber prosthesis-survival than men, with
4.1 percent at 4.5 yean, compared o 95.5 pervent in
men. Withan cthe uncemenied growp, there was no dif-
leronen bbwoon the soars.

Asepter [ovpening. Analyses confined b revikicn
e of sepiic bodmening of ong of bl Compo-
nenti as e end-posnl, pave the weme patierm of war-
wiil &8 the everal] snalyses (Figare 2, Table 10

Arriabuler componrar, Survival analyses of the

wetmbular components (Fipae 1) gave only a 1 per

Thsusands ol patsnts

iy 1
|||]

1
i
18

o ThE AR LA R P e e RN BN o

Age

Figum 1. Age deifigor of 15308 peseris oosned g
owmarisd [0] e roemecind (W) preary THE 0 Korssy,
igar-10a.
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comeniod componenls with & cursclative survival
(il fevckion becsre of loocteneng) of 8.4 perom
sl A percent, respectively, afier 4.5 yean

Frosural componenrs. A lager diffeence was
foiind heetween cemenied snd uncomottod [erenal
comporenis. The unoemeresod  coenpnems has &
cumubative servival (ungil revition Becsuse of lopwen-
g h of B.| peroond and the cemenied of 38,3 percens,
aficy 4.5 wears { Figese 23,

o PRSI

The Kaplan-Meier earimares showed that e rosules of
ithe uwwemsenled peoathesei were moad unfavorabee
mmmuﬂu’l&i.ﬁuwﬂﬂlulﬂw
provide an oversll age. and ses-sdjusted eatimaie of
the ratio of failure rales, comparing uncemented 1o
cerntoied prosihenes, @ well a3 presenting results
wiing & moce exacl age-groupitg i patients under 65,
In these analyses dilferssd incdizateons for revisioas

With adjesimuent for sex aned age in the el male-
rial, the Tailure rmie for the unoomonied prosteses wis
2.0 rimes higher than For e cemented (Table 7). The
rink for revision in the iscementod group was hiphes
in the ypoungesd pationts, with 2 2% times creased
risk fow revizion in the patients under 80, compared 1o
24 and |2 respoctively, B patiens aged Gl=fed and
65 and owar.

Far mee in e age groap under &, ke ik lor rev-
awon of af uncemnemied prosthesit was incroassd &
imney compared 1o the cemenicd, but for men Ao
imcrease m risk was Toond in the olhed afc HIoUpa
i Tabile 21. For women, the increase ks risk for pevision
of encemenied prostheied wad preatest in the I young-
est age groups (Table 2),

Axcphi lapaening wis the indicstion for revidien &
G5 peroent of the 263 [fures. When only this end-
poinl wia considered, the reaudis were close o thase
repemted over-all (Tabde 21
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Tefection eawscd revisson in 1T perces of the fall
ares with mo dallersrmge m failere raice  bebweem
cemenied md uncememed cases,

Cuher rearsas for revision. 15 perces of e pevi-
siom wone done for other meascen then infectisn of
siepiad looseming: fraciure, dislocaios, pais as only
geann, bechnical ermor, eic. Hiere the results were mosr
unlavorsble for wocemented proschewes with an over-
all fullure ran of 32 For s endpoinl aluo, the
sesults were poorer fof wacomentod promthcues in
young patients, with failete ratios of 7.2, 3.7, and 1.4
in the mpe groeps under 60, BG4, and 65 =8 aver,
respectively (Table 2).

Discussion

The over-all reseks lor the sneemented hip proshese
were poorer than for the cememed prostheses an al]
groups of paticnis, cucept amoag men over B The
difference in resulis borween the cemended amd (he
upcemenicd watl ol promounced  among oo
m-m.mm:ﬂﬂmhﬂhm
resulis, compared w0 the comenied, in the growp of
patbents who sfe usually selected for those prosihoues,
Aummmed negulive progroatie fseson (Grow 1988,
Dorey and Amamtr 19851, & young spe of male
EENdieT, WEPE MINE COMMITEON BRSORE PEleab will whe-
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menstd promihests. Howgwer, alwe inthe analyses of
bormopeneoss subproups. e inferior resudiy with
uncemonied prostheses porsisied.

Amnp the patients with cemeniod proathess, we
found poorer results for neer than for women. Mow-
evir, Enong Ik patcols wilh wnoomeniod THE. tere
wai 6o difference beraeen men and women, Malchas
et al, (19930 found & sinilar difference between the
scxes, poorer reualis i mes and {8 yoong paticels, n
sarvival analyses of pacenas with srhmosis. Cemented
THE had been used in about ¥ percemt of e hips n
ibrin maberial.

The Chamlcy prosthesis was wsed o 340 percent of
il patienis i Morway (Havelin et al. 1993}, and the
resulli prescnled for cemented proutheies in the
present siwdy, were wimilar 10 (bow found for Chamiboy
proaikeies by sihers (Hees &1 2l 1989, Akalel <
ul. 1990, Hozack en ol 19900, Skeie o1 o, 1990, Mal-
chay of ol 1Y), (uher cemensed prostesses i,
Wagner resurfscing hip, Chrntisneen hip, Trapesoidal-
28 amed Mdllert have been found o give poorer resalis
i srreival analyses (Ritier and Camplell 1987, Howde
ofal. 1990, Oflin 190, Malckam ei al. §993).

The revuls of survival asalyses of differom sysiems
of wemenied componests have varsed. Dupan: and
Mmasie { 1992) Bound a S-year cenilalive sarvival (nol
revasedy ol TT porient afier use of & umsoddh, comon-

thess femoral componont. Engt and Masin § 1989 ana-
byzedd pesules of ssemns with B0 pevcest of tse seafsce
porounconsied, and found o comulssve worvival (no
ratiographic migration} of %4 percent ot 5 years. A 5
wear turvival of approvimately 90 perceni wn reported
for the Rimp prosihesis {Albrochi-Olsen ex al. 1989,
Hirwand et al. 1991}

Several cuplanations for the poorer pesalis of the
uncemnenicd proathoss, notably the uesemenicd fomi
rul components, showld be cosuidersd. The proveduic
off unoemensed peostheses i Bew 10 ARy SUFPEoAS,
and the curremd enaferial may reflecy she swegenns’
leaming peocess. It must also be reerembered that the
operations in this matenal were dome by ordeary
tathopedic sarpeors from Ml over the country.

There i a lendency to chooss uncemented prosthe
ey for pioblem cases, bul oar analyscs were adpesied
for moal of the known negative facions (G 1968],
and wefe alio confirmed (s age- and wey- homegene.
ous subgioups. (of paisents with primary anheod
paly,

The uncemented prosthesss in this sedy nctuded
muany different syséems (iypes); smoothsaraced, pod-
ours-costed and hydroxyapatite coaled femorsl compa-
nente. I8 s therefore possibie thal w few of the wnoe:
mernabed sysiemy (ypes] of prostheses s pesponyitEe
fior & substantial par of ihe revismnd of the ueoe.
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s Besfif dvaludled & e Noskegian Anhroplady
Regiscr, Funbermore, the sucienont of servival was
done after § mas imum obwervation period of 54 yeans,
snad the dalference in resalm herwsen cemenned and
mwemented THR may change wish time.

We have been throagh—and are shill im—a period of
rvalustion of encemenbed proathewrs, and seversl bppes
wigh confirmed poor redelly bave pow beon taken off
the markel. Nationwds malli-cenler el ai in he
Swodnh and Morscgian Arhroplasty Ropiasons, with
Folbow-up of a8l endivadusl panests, hive &5 wmporTant
conteol funcibm (Faro and Hulskes, 1992, Malchas &1
al. 1993}, So far, new systems of vscemenicd THR
whould noi be expecied o give bemer resels than
cemenied THE, and they shoald be used only as pan
of carelially planmed rescarch programs (Baver 1992,
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EARLY ASEPTIC LOOSENING OF UNCEMENTED FEMORAL
COMPONENTS IN PRIMARY TOTAL HIP REPLACEMENT

& REVIEW BASED ON THE MORWEGIAN ARTHROPLASTY REGISTER

LEIF | MAVELIK, HIETTTE ESPEHALYS

Firnen Noshebond Unrrenty fospoal, Berges, Sonway

The Morwegian Arihroplasiy Regivier recorded 24 408
primary foix] hip replacements from L9ET 1o 1950); 2907
of dvem (13%) were performied wih  wncemvembed
Ermarnl companents. We have compared 1he resulis of
wight dileresd deshgns, ench wsed [ more than 190
patienis.

Survivorship of ihe composents was estimaded by the
Kaplan-Seier  meibod  wsing movisdon  for  mcplic
swsening of the fermorad companeed as The end.point.

At A5 years, the rthenated probability of reviston for
aseptic lossening for all implanis was 4.5%, Tor tbe
Hbe-Fil sem 156% (n= 2100 asd for the Femorn stem
1L6% (n=17%. The PFM-Prosthesis and ihe
Harriuiialamie sem pros heses necded reviidon in 5.6%
and 16%, pespectively, The clockwise (hreaded stem of
i Femors bmplasl needed reskdon in 20% of right
s, baat i ity 47 ol kel hipa.

Tl shesrtlerm resulis of the Towr best gncemented
femoral  compenents  (Corafl, [MT, Profile  snd
Tweimiiller) were similar o those for comented sems,
with reviskun for loosening in kess tham 1% i 4.5 years.
The lmporisnce of the conirel of nanvatlve deskge and
the registration of sarly resalts b dbcussed,

J Benr el Seey (0] 1HHTT000-7
Rrrriers 12 b 1P Acirpied afier mevishom 17 Sy 19l

dapy, Maabpiarsd Ulmwcruily

BF L A Eea e Frllow
% m, Wiln SAPH, DeifH, Aianoass Prsieeds i Jdedacal

S o Mecienl Inkamtici il Sagvses, Usioeiay of Regpen
=307 Boipen Moreds

s e e

19 A baional ooy of Bote sed hoaw Senipedy
[ s b R T R S ]
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The Morwegian Arhroplasty Begiver hoas reconded 24 40K
prumary botel bip replacement (THR) and 3824 pevision
apevations fioen Septersber (95T g0 January 1993, An
carlier report showed relatively Pobd peusils fPOm unce
menied THRE in Mooway frmm 92T w1997 (Haselin o al
1994, pspecaslly for femoral ovmponcals, Many types of
uncesmerned famoral componens had Been wed, wilth major
differences im desagn,

We foww pepoit Be ahoat-tem resulta, of o 54 weary
e egha diffezent types of uniementnd feodeal compoasni
el i Boaway.

PATIENTS AND METHODS

Morway has 4.2 miflice inhabitancs, &nd 2ll THE operatioos
are reporied 50 e Merwegian Arthraplasty Regber { Have -
lim ot al 1593 From September 1987 80 lanusry 1993,
4} uncemenied Emoral provibcsss had boen implanted in
MRy Speralsad | 13%% 0, A pode] of 17 differc types off
femriral coesponent had been wved, bul oaly eight desipns
had keen implanted in more than 100 hips. The resulid fof
ikese cipht typen. i 7 bips, huve boon audied and
rmipared, The pistheses were the Ris-Fu iRachands,
Memahis, Tenmesseel, the Corml (Lasdos, Chauseon.
Prancek. lme Femara (Chas F Thackonay, Leeds. UKL the
HarriuGalaste (Simner, Wanaw, Indianal, the LMT [Bie-
ener, Wassaw, |pdizsa), ibe PM-Frosthess (Aesoulegp, Tuls
ilingen. Gennanyl, the Profile (DePuy, Wemaw, Indianap,
and the Fweamulles (AN Pro, Basr, Switrerland) § Tebic 1§
Thecte wad & wtal of 2821 pationls, 486 of whom bad
Eulaieral opermtions. The distrbution of ape, gender and
dizgnasia in cach prosip is shown (8 Table [L

All revision eperalloen were roponied 1o ghe Bepisey anil
linked 1 the primary oporation by the patienss’ national
social secuwisy mumber, The fellow-up pomod was 1o 54
yeari. Information o8 the revishons included dstaib ol
crmpuscaly tha had been changed of rresaved and the
reasonn for revisian. Inoour serdval anglysbs, oaly revisien
or pemoval of the lenoral compuneni for asepis Irening
of the siepn was webd 58 an end-pain. Dl icasons. oo
revisioe, soch . dislocation, bifection and sockel S
img, mene cudlided from fme analysis

Curvival ewress wepe comsiruciod By the Kaplas-Meie
mrethand {Kaplan and Meier 1955, deftaing varvival time as
the time Troem the primary THR 10 revision due we stepiic
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Iocweniag of the slem Survival Times for patients who had
dizd withowt revision were eaciuded. Patienss who had
crmigrated {n = M) were wdenicfied from the reonids of the
Ceniral Bureay of Segistics in Dslo wnd were also axcly
ded. We wsed & two-sided Jog-mmak tead io determiine the
sigmificance of Wifferences in wurvival betwese the types of
ueem {Mantel 1966, aad calculatzd confidence imiereals by
ke Cirorowned meifsnd,

W wied the Con proponicnal haesids model (Cox 1972
ko comsfiae the relaive ok for pevision, both with asd
withowl sdpeument fiw gensler, age growap (<40, 4 1o 49,
A0 v 39, &0 o 85, = 68 vesrs) and disgnoatic group All
mnalyees were parformed osing e BMODP watistical pack-
age {Dxemn en ol 1990)

RESLLTS

Table 1 gives che mursher of cach type of primary femoral
component. with dus for age, pender amd dlagsonin. Ay
expeiiied thete wore differonces between the patsents hav-
g dilfcrent rypes of prosthesis: LMT paiests aere older
and had 3 lower ratio of men, the HarisGalane paticats
were ihe younges, with o hwer ratie of primary cueo-
arthntis, Table il sbows the number of esck iype af
component remaining o risk al 3 and 4.5 years, wilh the
cumelative woraval o 4.5 vesrs. The tola) revition ralc for
msepii [oosenimg of femoval componenis afler 4.5 yesn
was 4. 5%, Kaplan-Meier asalysis showed some sipnificant
differenges. with sevision of 156% of the Bio-Fiv pros-
thesis, 106 of the Feroom, 36% of the MevisGalsse
and 56% of the PM-Proashesis, The other encemented
femural compancats (Covail, LMT, Profite and Zweimillir)
all had failure rabes of less thas 1% sfier 43 years
iFig. 11

The differences between fw Bio-Fit and tke Femorn, s
the Hema/Galanse und the PM-Prosiseris were ot sanis-
ticalfy sipneficant. biit the defferences betvweren esch af thess
Towr prosthescs and dhe group with lew failure rses {Corail,
LMT, Profide and Zweinsillier) were statlstically very sig-
nificant (p < TGO | Thire were o daticically signaficass
differences beturen the Conadl, LMT, Prafile sad Zwei-
MUENT CoMmpiends.

Wi ompared the fwo growps of companents. Thass wath
prosemal circumizrential porows costing, hydonyapatie
codting. oF rough sandblmsed sarfaces (Comail, LMY, Pro-
file andd Fweimilller) had a cumulstive sopvival of 38,5% a
4.8 years. The olbers (Bio-Fil, Femora, HamuGalanee and
Pu-Proathessy) had 0 cutislative survival of 57.9% ar 4.5
years (p< OO

Survival analyses for smalier proups, subdivided by
primary eateoznhritis or olber diapnoses, gerder snd age
Below of above M) yram, pave similer servivel curves
{Fig. Ih

Al the analyses weee canried ool with an individesd hip
a4 (e onit, This may be sopect, ssce failuse of one bep in
he 456 patiends with hilateral THR may influence ihe
ouszame in the aifer hip. We therefore analysed ihe resudi
few the first hip only in patbests with bilatersl THER: i
fesults wire vireslly unchanged.

For each fype of componenl we found oo signdfican:
difference belween rewlts for e fird twi years of e
comnpaned with those done laer

The Farnora prosthesis showed shamificanaly besior veselis
an the keft side than the right (p < 001}, with cumalative
furvivad afier 4.9 years of 95 6% and B0E% respoctively
iFig 31 We found no difference hetwesn (he right ssd the
lers hap for the niber seven prombenss taken sogriher.

The Coos moddel thowed thal patients having the Bio-Fa,
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Femaora, HamistGalaare or PV-Proaibess hed increased
mesks of Tailyee (Tailune-rate o) by fenes of 33, 26 &
and B times respectively. comgared with the other o
pendhicses. Adpusimments for sge and peader, and wratifica-
thn for dispnoses, showed an evem greamer sncrcase i
Toiluze - mnie palioa Gor S worsd poap of four (Table IV
The eflfect of gpe on the fal for revision was inconclusive
Ce mrasdels peetnicled o the patienty walk piimany osien
i, of thise wilh the other dageose, give smilar
revalis o chise fior all beps

BISCLUSEI0N

The avarall reuilis of e encemeniod THR in Sorway have
heen shown e be infonar to those for cewented TR
{Havelin ¢f al 1904, 'We have now shown thal ceman ypes
af mhoermented femanl gomponent were responsible o
il of the failisres in the uncemesed proap, Despite the
shint pericd of cbatrvation, the reulis for HinFa and
Femora stema. were aignificassly infedior to thase for other
uscemenied femoral components. The early reawlt for
thewe iwo componenit are similar 16 of even worie (han
thoee reponied for tee Christasien proathesis. for which
lessg-fermn penidts e knowm to e very poor wilk APPrON-
imustely ADMG pevised affer ien years {boselason, Lindberp
andl Wiklander 1981 Sudmans et al [98); Ahafelr &1 5
D hlin [ 990, Malchaw, Hecberts and Ahnfeh 1993),

Uur smalysis by hip and nct by patisnt is a potential
problem (Moras 1993), since sirong imerdependence of
bibateral failures may compeoenise the analyses. However,
our prapacion of bilateraily operated patiosts. (486 ol 2431 )
wid relstlvely law, bess than [0FR of the Tailuees cooared m
sccond hips and in mo patiznr had bogh baps (ailed. We alu
found similor resubts in analyses with secomd hips
enladed

A0 VOLAAET, L & ENCESARTLE

Owir ﬁ-\.l'l:|ll'l'|_'!|u1 FesilEs wone sinmilar carly amd laig i ihe
pericd under review, and the fact that il the Enplaniy weee
rrlutively facw, indicaies that leemang camies cannol capiliis
Ene ieiferior resalis

Thee rewutis in the beter o (Covall, LMT, Prolile asd
Eweeimilier) with F9.5% wresval afier 4.5 years ane simila
10 those repofied (o cemented femornl cosponents i Hav-
limei @l [504). These me all af sitanium with surfaces gither
tough sandSlated. porous-cosbnd of hydrs yupstite=coated
The rewiles Eag this jpromp are promisang albough the meur
fedlvs-up for severad of hem was shorer than for adkern
iMakhe 100 The PA-Prosihess | Pahofer'y was gssd ®
Merway wihoul porous cootmg op 1o 1980, and the Hasvis
Gialanie, with only a seali wey of porous couting. had
imlerEneCises Arwally @ reprted By ot fkam and Kim
15520 bt they were sl inferior i thone of most cemes-
Ll prostheiss

Ike eelative Taibore of the BueFa and Fersowa compo-
nents may b dus 0 iheir desipn. The Buo-Fit vaiast iFip
=] whith was psed ix press-lir with 3 radhey smocth wrisee

Fip 4

The Hio o compresand rlahth ad e Fuswen cnsgpooem
cngha
of cobalechronsum. Poot fesulis bave been found alus e
olker smooth-wiflszed pevia-fe prosibesss (Duipare and
Maiua 1992
The Fermaia prosthedis has a cweaded scrow siem (Fig
A1 ol litandum. We could find no other roport ol e resale
fur thiz component bal good resulns have Been jeported for
the SC1 wrew-an coetponenl with o screw which lacks o
rotaizon in the femar [Leng and Callea 1997} The anferios
geisilti of ihe Fermoea compomcet in the right hip may be
expiaieed by b fpcafional Toroes produced by hesly
weight. Botb beft and righs prostheses have o nght-handed
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The Femoea compancal win =od only &5 panl of a
clinical nal in fve Norwegion hospitals, is fess thas J00
patieniy, The Bio-Fil componsent was imtroduced before the
Registes was entshlished, wan freely available seed has been
used in epproxioaely 1000 Murwegian patichis. Afer a
repoct from the Moraegian Arhroplasty Hegisoer {Havelin
et ul 1991, i manylectoer sopped the producion of the
Femiva prostieabn, shd e Ble-Fil phoathens has dises ihen
wenly been wsed wath cement i Morway. The Christiansen
premdhicsia was smiplanted an over S00M Swedish palienn
{belel oo ul 19900, Malchay ot al |%93) and in over B0
Horsegian patiens before the fiadings from nas Boapaal
revealnd the foor resels (Sedmann of sl 198 The sy
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The Effect of the Type of Cement
on Early Revision of Charnley Total Hip Prostheses
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AmsrEalt 'We siwilied the swrvival of 85379 Charm-
ley presfvescs, i T patlents, aocording o Ehe deller-
enl types of cement thal had Been wwed. All of the
paticrits had had a primary fotal Fp replacemeni for
primary coasrthensds, The mean durativn of follew-op
was L2 vesrs (raige, mero 10 64 yean ) The dats were
callected froms the mational Noreegine Arthooplasiy
Hegisber.

The ibirwidom of seirvival was delined as ibe tinse
in revislon due o sseplic lousening. The Kaplas-
Meler exfimate of worival a1 55 vears for the 1226
femnral componeais that had beon lmplasted sk
b -vingusily ceimeid watd WL ped oenl (95 per oonl
conflidence intorval, 92,0 10 %02 per oendl, compared
wiih 980 per cemt (95 per cemt confidence (mtervad,
TS 1n KA per cemt) for the &58% compoments ilkal
b beem implantcd with high-viscodiy cement (p <
B, The remalning Ted femorsl componenis had
Isevia smplanicd with Bmaeher cement. which was olas-
wified ns nelther high sor kow-viscosity, and ihese com-
pEnenly were oonsidered as o separale proap in ibe
amalyses. The Boacks comeal bad bien used Eor anly
three yesrs, omd ibe two-sewr sorvival rde of these
prostheces was 955 per cent [p o OB ).

The cement conluined an sntibiotic [n 28801 (42 per
cerd} aff ke hips in which the lemaral companent had
beem implamied wilh high-seosity coment, enmpared
whil anly thirty {2 per cond] of ibose in which 6 had
been implanied with bowes ooiiy cemenl. Wik restrics
tion of the comparien 1o coment wilhout an andibingic,
and with adjustment for ibe age aml sex of (he patisal,
nilh use of ihe Cox propoartonal-harards moedel ibe
Feenaral enapeacnis thal hed been implamied with bow-
visooadly cemeent had o rabe of revision thet was L5

“an wnaliin o any borre Sorop hetgn ppgeoegad o =l b pegarvgd
Fion®i s ooty ] Pai s folalod dantlly o dadiiouily b Lhe sddbgecn ol
e wriicte. Ny wore tocomed m lislal o parhsd sy o 1
rewewh Y gimal wndy presried i ik amisle. The {umcling e
s The Morsogan Modasl Ssawislne for Cuabiy Bpvseme e

L Inrerrdiy ol Borpen. Dyparimenl of Cribopedes ond Fresas-
tbspp Al | M mamed L L B Bectiom for ksboad faformanes and
Slabten TR E atd 5 £ Vi Peakclasd Lindera Hospasd NG
Porgmn, harway

WEl. TI-A. Kk 1@, EETTORER [

tinves preater (%5 por cenl confdende interval, L6 i
MM tkmees) tham that for the componymty ikal had boei
Wtﬂ with hdghoslaeoabiy cemsent, snd those ths
had beem lmplenied with Boncler comani bad @ man
that wes E7 times greater (95 per cend conflideao
intersal, 5.1 to 14X tames).

The sddition of sn antibiotc 1o the high-viscoudi
cemenl Improved the Eaplan-Meler estimate of sur
wival, af 55 yewrs. from FL7 1o ST per oend Tor th
Temaral components (p = BH) and from 9.2 1o #94
par gl for the scetabular cnmponents (p = 0.07)

The sute of survival of the scelabular componesi:
I 5.5 vesrs was higher than 99 per cent in sasociston
with wll fypey of coment. Thene was na significant &if
leremce im the rates of faillsre belween il low ang
Wigh-tisensity eemsent. However, the neetabular compa
minids thai had been implasted wilh Bancler cemen
had & cumalative rele of revivion of LI per cend @l 1w
yeur, comparcd wifh 0.2 per cent For the nfher cam
pomends {p < LI L

The raonwide MNorwegian Arthroplasly Hegesws
wirh eslablished in Scpicmber 1987 by the Morwegon
Orthopeeds Aswiateon. The perpems of the segisten &
Tw el aiw e arvie simaend . and fo |1:||'Hr|'lpl:“-1: Phe igusbiy
il hep-replacemses openaisnes in Morway®

The register has showm the over-2ll resulls of (oia
hap replacement in be hoetier with use of comeni thae
withaoul in wee’. Althouph many diflerent vpet ol oo
mend have been ininoduced oniothe merket . here havy
born few fepofls 00 ike clindcsl resls associated widk
these varias types of cemenl. The amm of (ke curren
sty wats lo compare. wilh e of data [zom ke natbiona
regisber. ilbe results of wolal hep arthooglaay with scipwee
br Lhe dilTerem types of comant, 1o The vagusily of thy
el 5nd 1o the addition of an oniibéntic 10 the oe
menl. We present the results fw patsents who moedcived
a Charnley prosthous hocause of peaneay cusatUhross,

Alaterials mnd Meibhods

Since be cxznblishiment of the Norwegian Arihro
plasty Begribor, all mombssrs ol the Morwcgian Cirtho

144,
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weclic Association have agreed 1o pravide data on sll
wrnrsry Ll hip replacemaents and revisions o 152 reg-
ster”. MM skuiy-four hospilall where total hip orthro-
Hasties are performed i Mosway (population. 4.3
nsllsin in 1984} have particspated, The opsrations are
eparted individually, on a form Glksd ot by 152 sur-
=om immedlately alter cach procedure For prinsary
mthroplastics. the diagnosi, 1ype of implani. and fype
i cement are recopded. The revislon aribroplaciies are
lassificd on the baxis of 1heir type and the reason why
hey were performed. The collection of the dats has
ieen reporiad on prevsoanly”.

The revisions were linked to1bhe primary operations
wilh use of the patient’s natsonal social security num-
wt, During the first six vears, 7068 primary ssal hip
eplacements amd <615 revisions were registercd, The
urreni imvestigaiion compriscd T921 patients (#3749
ips ) wit had kad implaniation of @ Charnley iotal hip
wuslhesis (Thackray, Leeds, England] for primary cox.
nbrean and had not had any previoes operatisn. on
bz Endex hip (Tabse 1), OF the 7532 paticnes, 6304 had
ind the operation on only ose hip and 1618 patients
ZI75 prostheses) hud been operated on bilaterally. For
Wil of the paticnts who had had a bilaseral operation,
iy one bip eould be included inibe study, os the other

hip kad heen operated on before 1980 or & lyvpe of
implanl other than the Charnbey prosthess had been
ased, Separate analyvies were dune 1o examine ihe im-
pact of bilajeral compared with unslaseral repladement
on Lhe resull,

The tradde names of the coment were Bopelog { Poly-
mers Reconsiruciive ASS, Farum, Denmark s MW 1,
CMW 2, and CMW 1 woh asd wilhout gealamdaon
(CMW Laboratories Demsply, Excter. England): Fal-
miot with and without gemtamicn (Schering- Piough In-
weraainenal. Ronidworth, Mew Jersey ) and Simplex, with
amd withowi eryibtomyan (Howmedica, London, En
gland) (Tabdes § and ) Five brands s been used in
less than 100 pxisends cach; 1heie brands wene thire-
fase excluded from the survival analyses hased on ibe
branchs of cement, Bul they were included i 1he ofher
arsal

The brands of cement were clinsaled g0 thiee
munin fypes™ — Jowovicosaly, high-viseosing or meither
(Roneboc) = according to the information provided by
the manufactiurer. Boneloc cement, which was intro-
duced im 199, 8 prodsced with use of & ncw formuta
tipn based on methylmeihacrvlaie/s-deeyl-methadry-
tabefdobomyl methacrylase”, and comnot he classificd as
high or low-viscesity. The high and low.viscoaity grosps
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*Conby e iced, 1) b Dt e i ot Than 18] s wane inclected o the survival analyses

Vi crme Rusdl beem uhaed fue only ikroc yeark
Iwmutsive surveral eould mat e gstimuted

were subdivided secording to whether or not they cons
teined un amtibicte. The duration of follow-up mnged
fram fera to .4 years (mean, 1.7 years),

Survival analyses” were performed separaicly for
ihe Femoral asd acetabular componems. The durtion
af survival was defincd as the time betwsen tbe arthio-
piaaty and the revision. Eschange of remwovel of the
ilex compoment becawne of ascplic loouening was the
end point because ascpale lowsening was considered to
be the reason for revishon that was most clusely re-
lated to ihe cemint. The derasions of survival of com-
prnents that were revised for reasons other thas aseptic
locsening and of 1hose in patients who had dicd or had
emigrated from Noraasy were censored. { Thiese dazn are
presentod m che Bewulis section.) Patsents wha had died
or had cmigrated wore identified from files provided by
it Central Bureay of Staniuscs m Ogla

Twreshded log-rank tests” were perfonmed io deter-
mang if differences were ggrihcant,

The Cox propomional-harards model' was wed 1o
anves the influence of an amibectie in the cement, of thc
visoowity of the cement. ond of the age amd xex ol the
patient an the survival of the prosthesis. Age was -
sidered according o four groups; less than sixty years,
BANLY 10 SANEY-MIME YHAFL, SEVERLY 10 sevERIy-nime years
and more than seventy-mine vears. The infleense of age
an revison wad evaluaied with a test fod linear treml
acrues the four age-groups, The trend Lest s sensibive (e

VOL Trk, MO8 KO CHCTLHER JwE

iscreading of decreasing rales of revision with increas.
mg age. The analyses wene done with wse of the BMDF
saintical package (BMDP Statsalea! Software, Los Ao
gelen, Cabifornia} and S-PLUS [Safistical Soonoes, Se-
alile, Washington).

Results

Crly small differesices related Lo the ape and sex ol
the patienl were {oend between the diffetenl types and
brasdi of cement: bowever, the duralion of follow.ug
fosr thee patients B whom the prosbesis had beer ime
planted with Bonelos cement was oaly zern Lo thre
years, compated with zero to 6.4 vears far the othe
groups of patients (Table 1), The operations hed beer
done m forw-dous different bospitale The use of low
viscosny cement differed hetween the femoral and dce
Labiilar componenis Low-visosity cement had beer
wied fur the insertion af 1226 (14 por cent) of 1he fem
oral components and 512 (6 per cent) of the aceabuls)
componenis OF the eleven different bramds of comen
it had been wied. oaly CMW I, CMW 3, Palsces
Falacos with geatamiciy, Bonelor, and Simplex hac
been employed i more than 100 patienis cach. Thesws
#ix brands wene inctuded in the survival analyses hasec
on ke brand of coment (Fig. 1) O the low-vieosin
cemerins, fnly CMW 3 withoot an anuibiobic was used o
mose than 100 patents Low-vistosity cement with as
antibbodic kad been wsed for anly thirty femoral anc
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cightéen acetabular components; therefore, survival
analysics were not dose for this group.

Femoral Comparareirs

The over-all comulative rate ol survival of ke fem-
oral componenls al 5.5 wears was 97.2 per cenl. but
there were signaficant differences accoeding (o 1he types
of eement that had beee used (p < 00001 ) (Fig. | asd
Tahle 11),

The components that kiad been imgilanied with Tow.
viscosity CMW 3 cement had an estimated prohability
of revision, ol 8.5 vears of 59 per cent (% per comt
confudenee intervad, 3.8 10 7.9 per cent), compared with
6 rake of less than 3.0 pes cent for 1he components tha:
had been implanted with any beasd of high-viscmity
cement. The compenenls that had been implanted with
Boneloc cement had o revision rate of 4.5 per ool sl
only two years (Fig. 1)

The components that kad been mplanted with hapl-
viscqualy coment with or without sn anibiotic had an
extimaied eumulstive survival rate of 58.7 and Y7.7 per
cend. respeciively, ot 5.5 yoars, compared with 4.1 per
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el fof the componeats i3al had beer implanted with
krw-viscosiny cement (p = 00000} (Fig. | and Tahile 1.
The paticrs of rosslts was the same when 1he nal-
e wore done for the subgroups of men snd weosmen
wha wiere bess than and mose chan siaty-five vears old
The survival rate, at 5.5 years. fof the componenis
That had e Enplanied with high-viacosiny cement thai
contained an antibioie was L0 per cent kigher than that
for the componenis that Bad been implanied with high-
viscosdly cement that Jid nol contaie an antibistic, ang
the difference almml reached wignaiicance (p = (.06)
(Tablc (1), With use of the Cox proportional-hazards
model, with sdjustment for the age and sex of the pa-
hient, the components thal had been implanted wull
low-sascamity comens witkoul an aniibiotic had a raie of
Tevisiun ihal was 24 times higher (95 per cent conli-
dence interval, 1.6 10 38 iimes) thas that for the com-
ponents that had been implanted wilh ol
cement withoul an amiotic {Table 10, The comgpae.
meris that had heen implanted with high-viscosity ce-
menl that coataipe:d an antibione had a raie of revisua
thai was reduced (o 59 per cont (95 per cont conlidence

Fre |

Kaples Mator aralyues of rovmion dor 40 aspbe Mouening i aociaian wiih diferest iyses B viscoubsn of spment. The rols for
ra-viriry (MW 3 and Hanelos remest s sprheanlly poorer {p o 00001 j (has (hoie Do iR high vaooaty cermenl (The were wpidin

B % it defdl conlidongs i i shdend §
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TABLE 1K

Raiatmi Rares of Hovoers (Fanoet Bate Bannd Dea mo AstFmno Lissiues),
as DECTEmaman wits Ling oF Tl Cox PeosoeTaosssHarans. Mol

%_ ;."‘*L.““;h_’_
Faure W Per Cenl Fawer 9 Per

inserval, 35 10 103 per cenn} of 13l for the components
1hat had beea implanted wiilh hagh-viscosity comen thas
did mol enniabn an anbibicte (p = 005,

Becsuse of ihe surpnsingly poae fesilis saogwied
with the femonal compodacnis thal bad beer enplanted
with Bosichos cemenl, some supplementary analyses
wrre done. We thowugh? that 1 was possible that these
results were inferior because the surgeons an [he Hospd-
tals where the coment had been wied were less skilled.
However, whee the saabaes weee restrcied o omly
there hmpitals, the sesulls remained significanily poores
than those for the componenis that had boon implanicd
uhhhlgharhl-miﬂl comend {p < DEE] ) Becass
Bonelioc coment and the new eguipment {of miang it
bud heen introduced ama the marken duriag ibe study
perssd, we wantcd b coriect (o a prasibde problem with
FoRpEE B 15¢ kearming curve for this new lechoology,
However, we found samilasly poor resulls in associa-
tkon with ihe compononts thai had Been mmplasted wih
Bonels: cemend after we had exgludes the lirer tweniy-
five wwch eomponchits [of cach koypital ip < DUOOKGT).
Winh wse of the Cox propartional-hazerds moakel, (ke
componenis ithal kad been implantcd with Bossloc ce-
meeni had a raie ol fevision thal was 8.7 times. hagher (93

WOL Tha, %l |8 GCTOBER ¥
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pot cont eonfidence [neerval, 5.1 10 145 fimes) thaa thal
for the componsnis that had been implanied wiil kagh-
siscosily cement without an antibiols

With e of the Cox madel, the rate of revivion o
fhe femoral companeats was reduced 41 per cem (9
per ol conlidene imberval, 29 to 5% por comt) i
wornen compared with that in men. There was a en
deney toward fewer revisions in Lhe older sge-groups
hut this difference wid nod significasi {p = 0,14, linca
trend test) [ Tahde 111).

Aeetaluior Compomsnn

We foand po significant differsnce n tbe result
with respect to the dillfercnt types of cement thos hag
been uwed 16 implatn e acetabular compoments. Eack
type of comenl was assnciated with & revidion fabs o
less than 1,0 per comt ot 5.5 years (Fig. | and Table 11)
However, the compancnis that hed been implanted watk
Bronelac cemeni, and had heen followed for a sharic
duraticn (#era 10 thies vearsh had a cumulative sur
vival rare of only S8R per cenl al w0 YoM, Comparo
with & rate of ¥9.8 per cenl for the oiber grosps |p <
0y The differcrse m survival Berween the compo
ments ihat Bsid hees implanied with high-viscoaty oo
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Kapies Meics analysiv ol pevidon doe u-qnn]c-:h—.!nl:
lemidal compossees el 3wl 1ol g fepdeirmer
ity wqun jamelai 1 thane Jor the dntal patiesi popslstca. [The
arcy wirkin tke 83 per com conlidzsnce bmits @ abadad, i

ment and those mmplanted with low-viscosity cement
was negligibde (Flg 1| and Table i)

The resulis fod the components that had bece im-
plamted with bigh-viscusity cement that contained an
amtihwotic were somew ksl beiter than the results for the
componcnts implamed with high-viscosity cement thai
did nod contain an entibiolie, These groups Bad rates of
revisiin of (14 and D8 per cend, respectively, al 5.5 years:
bowever, these differerces wiire mod significant,

Weth use of 1he Cox model, the viscomity of the ce-
merd Ead o significant effcct on the survival of the
svttatalar components The composents that had been
implaated with Boncloc coment had  rate of revie
sion that was L0 Emes higher (95 per cent conlidenoe
mterval. L5 1o 1006 times) has that af the com
nents that bad boen fmplanted with Bigh-viscosity ce-
meat [Tahle 1T} As was the cage for the femora!
compoancals, the survival of the acetabalor components
in woemen wis sgpnilicantily betier than that in men, with
B rabc of reviskon that was 20 per cent (%5 per eoni
confidence interval, 3 1o 79 per cent) that of the e
in men

Elidfaterad Mep Replacerment

The resulis for the patients who had had a unilakeral
operalion were virlually the same ps 1hose for afl pa-
tients who had had o total hip replacemen: (Fig 7). The
overall resuis for patients who had had 5§ uniistersl
opcralion were Aot agnificantly diffetent from ike oves-
all results for those who had kad & bilateral operation
{p = (.37 for the femoral components and p = 0.35 fog
the acetabular compomenia),

Hevizhons

Owver-all, a total of 198 revisions were perfarmed in
this group of B57T9 arthroplastics. Twentv-ane revisiond
had been done for aseptic loosening of bath compo-
ments. 106, for aseplic oosening of only the femoral
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vompanent: twelve, for aieplic loosening of only the
acclabular compoment; thirly-seven, for infocton: four-
leen, for dslocation; and eight, for ciber ressons The
resulis of survival analyses with revision doe fo any
cause as the end point were vory similsr io those of (he
Bralyses for revigion due 10 aseplic booseping. The re-
sults associated with Bomeloc and CMW 3 cemen were
pocrer and apgnificantly diffesent from each other and
from those associated with the ather types of cemen
i = 0000

Dhiseusshon

As there had been few clinsul studies an the types
of cemenl that kave beea used in 1otal hip operaiioss.
and & some surpcons had roised coscorns abowl ihe
results ssiociated with use of the relatively pew Bonelog
cemenl, we investigaicd the effects of the brand and
viscosaty of 1he eoment on e survival of hip prossheses.
Abhough Bonelos cement had been i use for only
theee years at the time of oor sedy, we considered o
cipeaally imporiant to evaluate its clinkal resulte an i
had been used in thowsapds of patients without those
results being kaown

The imcresed probahility for fevision of the fem-
oral components implanted with Borslos coment com-
parcd with the rate lor the components implanted with
low-viscosity CMW 3 cement. and the increased prob-
abaliny fior the femoral components implanted with low.
viscosily cement compared with that for the lemoral
compadcsls ufiplanted with high-viscosity cemend. can-
Bl be explained by differences in the patient pogi-
latins. The ipvesigation comprised a homogensous
praup of patients who had had onlly sae tpe of pros-
thesis, one dingrosis, and &0 provious operations. Al
far a5 we know, no olber large cliaical siudy has ad-
dresszd ihe bmpact of the cement on the resulis of
hip arthroplasty. |n a rasdomized clinscal trial witk five
vears of fodlow-up, Carbson et al found o difler-
ence in the resulls between [emara! components thal
had been implanted with high-viscosity cement and
these implapied with bow-visconity cemenl. However,
the mumber of patients (226) in their study was small,
and the power of the study 10 reveal differences of
4p¢lt'¢rl-lﬂi5pl=rmnlh1d:iﬁgniﬁ:ﬂm Wil
bosa than Mt per cont, [n additien. the aperstioes in
their study were performed during & period of only
twir years and only m hospitais where 3 so-called Sod-
ern lechnbgue was wsed for application of the cement
Because the surgeons were expericnced with this peck-
nique, better results could be expected with the fows
viscosity cement although the technique bs tochnically
demanding A study bated on a nationwide reglsier,
such a5 the current ane, can provide a more realstk
picture of the over-all resoles with uie of différent types
of cement becamse of the Larger number of paticnts and
the inclusion of many bospials during a longer period
o time.



The betier results assoiunted with the cement 1hal
conlaincd an aslibandie are imeresling, & revision be-
caee of aseplic boosenang was the end poml in 1he
survival anahyses. However, il some mulances of asep-
tic lowseaing were actually due 1o sublinical infection,
1his may explain the better resulis b s sl poasible shat
the additbom of un astiblatic coused an alicration in
the mechanical propeitss of the cemenl. such &5 an
increaic n the viscosity, However, Jor the lomarad com-
pomcnts inscricd with high-visconity cemend, the difs
ference in survival disc 1o the sddition of an amibsotic
was ondy 10 per ceni a1 5.5 vears A larger number of
paticols or & borger duration of followsup i aocded 10
give more cettainty about the chnscal importansy of this
difference.

With respoct 1a the scetabular componenis, no din-
ically important difference reluative 1o e offect of the
wiseos ity of e cemenl was Toumd, This may be becaine,
dharing cementing of the cup. il B casicr (and probahly
common | 1oowail wnlil i viscoaity becomes high belore
the cup s macaied, Bath the Kaplan-Meier analyvics and
the Cox propordoant-haeards model demaonmteated bey-
e sesulis fog the cups that had boen implanted wilk
cenvenl comiaining an anlibidie, The rtss of revisson
were lews than L0 per cent log all groups of cups, &od
1k dimical relevanee of the positive effect of comoni
arh an antibindic s unceniasn.

Raeelo cement wart milroduosd i Norway an 1491,
it becamse popular beoause af i bower tokicity lawer
cxpibermic remperaiare, and closed sysiem for applics.
i "7, 1) bl 0 new Bnemula and o shoer handng
inme”, Probiems related (o leaming 1o use the new
equipmeni. and e asoiled hasdling time of (he c2-
meni. may have comtnbuted b but do ot explain, the
perarer resulis However, s poor result is nol surprosing
wiheon @ few peoduct is introduced for hip operstioa.
The impact of the Bonelo formala (530 per cemt meihyl-
meikacrylate, M) peor ceml m-decyl-meibacrvlale, and
2 per eenl sobosnyl methacrlzie”), compared with
ikl ol e ordinary polymetyimethacrylate convenis
chould he furnther invesigated The manulaourer ba
since changed the Tormaln. and Boncioc cemert pro-
duced aller December 1993 hay a4 Bandlng time more
fike that of the other 1vpes of cement™,

The inclusan af patents who had ked a blalaral
opcrathon maght be questioned., as stasdand stakistical
meibods avseme indeperdent ohscrvation”. Conceiv-
ghly, frilure in a pationt who s bad o klpteral opera-
i i dependont, However. these patienls constilute an
importam groug who keve hip prostheses. 1t should b
noted that oply acglighle differences m the resudis
were fand botween the #oal pepulation of patienls
and the population wha haid bad & emilateral proce-
dare. The poaitile cifect of 3 dependency wiihin a pa-
tien who hadl a bslateral aperation therefose wema 1o
have been enimporiant.

The prevem sludy was nail mzndormered. Randisime e
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Lrinks off hip operainas have generaliy heen small and
the large number of paltients in our study wos an s
vaslape, Bocause cur sedy was ned randomized, the
possibility thal cerfain iypes of cement were amacated
with ather factors that sffected the oulcome canmol
be cxcluded, For example, the surgeans wha used Low-
viseouity eement or the new Boneloe cement might have
been less caperienced than the mbers Such a hiss B
unlikely in Marway, however. as the chasce of cemend i
penerally made by the onbopeedic depantment and B
by the indrvidual surgeon.

Unlomunately, comparison of 1he different brands
ol o viscosily cement was imposaibsle, as only the low.
wizcouity CMW 3 coment was ssed in enough patents
{Tablbe 1), Howswes, ibe most imporiant difference-
beiween the CMW 3 cement and 1he waber vpes of
cement b jbs bow visoosity. Lovw-viseomity cement has
heen alown (o have gicated penetration inio cancellous
hume™ ", and this may explain the superiority of low-
vispowity comienl in cxperiments”, Howcover, Lhe experi-
mental reselts kave not boon suppomied by ke resuly
of climical triaks. On the contrady. snme clisicel imvesii-
gations have showa \letor seseliy for prosibcses im-
planied with Jow-vicosily coment®™. and a siudy haased
ol Meieophoiogrammelry révealed o prealsr rale ol
migration of femoral companenls that had beem im
planled with kew-viscosiny cepnent compaged with thime
enplanicd with high-visomily cement’”

There may be several caplanations [od Lhe pendel
results pvsociated wath the femndal cnmpineits thal
were implanted with low-viscosaly cement, The prin:
ciples of w-called modern techniques of cament apphi:
cation'™ ™ are well knewn thooaghoul Morway, but ik
way thal these principles are put into practice may dif.
fer. The icchnique for the apphoation of kew-viscosily
camant s mare demanding. The malntenance of pres
sure throughout the cemeniing process s critical, o
pecally when low-viscoaity cement i used. Dhrag
polymenizstion, ks viscosity cemert b been thivmn &
b s casily displaced from the irregelamies ia ih
bsane by blond! amd bo provide & lower shearing sirengl!
of the honecemont imerface’™ than high-viecosity o
menl. The sirengih of lowaiscosity cement has boef
showin 16 e high in Jaborabory Lesta’, bul cumtaming
v o [t mned Blood e been shown 1o degrease the
strength of low.viscosily eement maore tham it docresse:
the sirengib of high-vescumany cemens'”,

I sumemary., this prospociive clinical study, hased or
a nalsewide regnter, demonsiratod an incroased rak
ol revision dee 10 aseplic lomening of femosal compo
nents that had heen implaited wath losw-viscouity oe
ment compared with the rale lor those that had beer
implanted wath high-wsconiiy cemem. The fird geneta
tiof of Bonelo: coment wid sssncialed wilh poore
skort-term resalts than the other types of cemenl, A
ramsdurmised study with n sufficient nember of paticat
shnald be perinrmad 16 sonlinm our resslis
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Revision for aseptic loosening of uncemented
cups in 4,352 primary total hip prostheses
& report from the Norwegian Arthroplasty Register

Leif | Havelin?, Stein E Voliset® and Lars B Engesacter’

From September 1987 wrill Jenpary 1854 the

survival unill revision for asaptic loosening of the
o, In e 11 Gomamanend bypees (n 4,353,

Tha crearall cumralsties revision rale for the ace-
labulal companents was 3,.7% after 5 years and
7.4% ater & yoars, with larps differeiies armang it
deslgrie.

Wit the hydroxyapalite (HAl-cosbed cups mnd the
heminphetic pofcizs-conied cups, the fallure rate
wins beia than 0.1%, OF the unibresded hamlepharie

pomisscoated cups, Haris-Galante and Geminl n
625, none had beon revised, and of the Hi-coated
cups, Aboll and Tropds o0 1,943 onby 1 hd b
vl Seind .

Foe 1he ihmeaded uncoxiod maetal-backed cups,
the resils vaded from no revislons of the PM cups
im 148) 10 & cumulative B=year revislon rabe of 21%
for the T-Fit {0 300). The aB-polystirylens Endier
eiips jn 334) had a cumulative rvislon rabe of 14%.

Women and patless with Infammalory arthrills
hnd poorer results. Fowsss, tha Bype and the
dosbgh of 1B ups wers of Tar praater importanca for
h reuits than patiend-relaied facions.

¥ D] £s] D thsapeibon., b elind Un iy

Houpital, N300 Beigen, Norway, s e bon for keckoad Inlgmatcn

wndl Glatmtics, Uriversity of Bevgen, Morway, Tel i 55-208060. Fax -8T77E1

Soaltrra el B5-C- T Acoepied FI-T-1R

Uncemenied total hip meplacement (THR) has
hecome the standad proceduse in patcenie less (han
#-65% yran is many hospliaks in Morway (Havelin e
sl [P The nateon-wide owerall resulis of the unce-
menied THR from the pericd [9R7-19%2, bowewer,
bave heen shawn to be infecior o o of cemeniod
THE (Hawelin eral. 1994). These paarer nesulis oould
partly be explained by high pewiskon pates of noly o
few of the urcemended fomoral companents | Havelin
el al. 1995)

There were also maay didfersni desiges sl (ypes
of soctabulai componeats. We analyeed the rexulls
foer the 1] comumsonest unccibcniied acetabyular coise-
penits umed im Moreay

Patients and methods

All 64 hospitals perforieing ial hip replaceiPents in
Morwsy (£ 3 milion imhabilants in 1994) peport Wear
THR 1o the MNorwegiss Arbroplesty Hegister. From
Seplember 1987 until Jasoary 19948, 2K prissy
ndal hip replacements hod been recorded. Ulnops
merdod acclabular omponents Bal hesn insctiod
173% [n 0211 wf the operalions. 15 the present
inveitigation wo selecied the desipns that had heen

s L

Cogrright & Scand

used In more than 100 pataents (n 43521 Thus, 11
differcnt types of aoelabalar component  were
imclucked: Asoll {Landos, Chaumest, France], Coxa
(Thachray, Leeds, England), Endler all-palyethylens
and  Emller  metsi-backed  (AlkPro,  Baar,
Switrerland), European Jensen 5T (Biomet, Warsaw,
Indiana, 1154 ) Gemind (Defuy, Warsow, Indiana,
5A) Hamisilante (Lunmer, Wasiaw, Indisna,
WS AL LMT (Buomet, Warsaw, Indiana, US.A ),
P (Aesculap, Teulingen. Cesmany) Ti-F
iRichands, ®emphis, Tennessee, USA) aml Tropus:
(lanades, Chaumeont, France), The acetsbuler comypo-
menki were alse prouped acconling bo charactenslics
sl as threaded, hemisphenc, parous.coated, HA-
ooated, metal hacking, or all-paelyekylane,

All revisioms with exchange or removal of one o
pyope of Lhe components wers reponed o the reglites
Detailed information showi the operation, including
the reasons for and bypse of fovisicn, W given on a
formm frlked in by the sungeons immediatcly afler cach
opwerativn. The revaszons were linked w ibe primary
operations with help of the paticnis’ natiomna] secasl
securnily sunshers. Each THR was thus folSowed pras.
rechively.

The: estimgiod surival probabilities were chiaaned
by the Kaplan-Meicr metbod Revision because of

y Preas JOOR FRUN (0] ft N Prinden! dm Suneiden = all inghis Frseivol
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aueplic joosaning of ke cup was the end-point in this
stody. Sorvival limes of the THRE revised for reas
spms ather tham aseptic koteming of the cup and of
THEs = patients wh died of smmigrated without hav.
ing been revised. wem consored. Deceased or emi.
grated patiests were identified by the Central Buncaw
of Statistics, Oslo, Norway, Two-sided Jog rank tesis
were perfoimed to detenmine IF dilferences were gig
nificant (Mamte] 1966).

The Coa proporizonal-barards mode] was oeed io
suseis tha influence on the resull of faciors such a<
penikey, age (<50, 50-59, A0-569, =69 year|, diagno-
sad, type of kenplant and of the different charscensxs
in design. In this Cox analysis, the HA-coated caps
and the hemispheric cups with porous coating were
tresied as one group and wsed 3 tbe hasis. This group
was chosen for 1his purpose begause il was 1be largest
grouf eod aleo becsuie these prostheses are made in
scocordance with the prineiples which are now the
sl scoepted in Morway. We oo analyzed whether
ihe type of femoral componenl, cemented O Unce-
mwniled, influeneed the results, The imporiasce of
besd disseter and head matenal could not be
asgogsed, as each (ype of scetabylar component, with
few exceplions. was cemhined with only ane type of
head, The analyses were dane by the BMDP statisi-
cal package (Dhzon el af. 19900

Rasulls

Tahle 1 shows ihe chaacteristics of the palienis
reganding sach type of seetabular cinnponent. The
desipn charscteristice of the cops are piven in Takle 2.
along with ibe characieristics of the femoeal compo-

nerd associated with the dillereat caps. 1n design, the
Euwpopesn Jemsen 3T cup diffored from ihe other
maetal-backed headed cups beciuse ils central amea
over the dome was pomiss-ooated, The Oemicd amd
the HA-coated implants, Awndl and Tropic, had shon-
o median obzervation periods than the others {Tahle
el

The overall estimaic of cumulslive sucvival waos
O (95% conlidence inderval (CT) 96-98) after §
years and F3% (95% CL1: 90=05) after & years, hot the
resulis varjed for the different rostheses (Table 3).
For ihe Endler all-polyethilens tbreaded cop and e
Ti-Fit theeaded cop, the comolsive sarvival
decroased bo BA% (95 CT 20-91) and 70% [(95%
Cl: T0-89), respectively, st 6 years, indicating that
the revision rates increased after & years (Figure 1),

The overall Soear cumulative sarvival of the
velal-backed threaded cups wilbool HA-coaling waz
TR (5% CT: O6-08) (Figure 1)

The two bemisplberc porou-coated desigan (n
626) required Bo revidion for asephic loosening. ©F
these cups, caly the HardsGalante cup (n 221) had
bt wsed (bronghous ibe whale period, whereas the
Gemnbnd (o 4057 had heen used ooby fos 3 vears, OF the
vad HA-coated prostheses {n 1,.9473), there had bodn
only oue revision of the Trople (n LITLL

The Kaplan-Meier analywes showed poorer results
an wamen compand o men {p 001} In enalyses
restricted (o women, o patients wilk ertkrouiz, and o
the proup of unilaterally operated patsents, ibe results
werg sifiilir to those is (he tota] mslenial However,
in analyzes meatmicied 1o mea, he over-all difference
botwern the cups was nargimully sigaifcant (p 0.00)
iFigune 3}

We found no differenc in the Swtar arvival
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(p 0.TE) for kefi- or right-sided cups.

From ke patient eharacteriviies given | Tahle |
differences can b seen among the Bypes. The pationts
with Emsller, LMT andd Enropean e wore ahler than
ithe others, whoress patients widh the HarmisfGalantc
cap were yonger. The drrbutioa of gender ala
vanied: LMT was associates] wilh e Jowesn pojoent-

age of meon, and the PM cup with the highesi. The
Varrian/Cradanie had o very low percentage of primary
conarthrosis patients comparsd b0 the other [ypes
Cox snalyscs wepe iberefine done io sbedy the bmpact
i ke pesilis of the rk faclon: son, age aoad diagno-
s ardl S0 esiEnate ithe relailve rae of revisaon im (ke
gEnips, with sdjusiencnl for these risk faciors (Table
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Anal o
wabrgroup of B #n (n 1,550, By fypa nihe wbgroup of aF weran (n 2,753], and analy et By bape in e subgroun of o fidienis

wilh pemary arifieae jn 2,143,

E). The Cox amalyses gave 59 encreased sijanted fail-
wre rate of 18 {p 003) i womer. The failure rates
wepe nal diffcient in any of the age grouw

of revisiot {008

Thie maest imporiant ek Csvlor was design (Talble
4). Witk adjustmesiz for gender, age and diagmosis,
Bllammatcry arthritis had an isoresed relative rate  the metal-hacked (hreaded curs and the all-palverhs.
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lene cups bad increased misks of reviison compated 1o
b mefrrence group. with Tahee rate ratios of L6 and
61, respectively [n the type-wise umalyses, the pisk
fag reviusan diffenid conaderably bebavdn the theead-
ed cupa, The greatest increase i nisk was found fog
b Ti-Fat cugr which had 2 76 limes inorrased risk for
revision compared o the cops i the refonenoe groap
(Table 3}

The combinalion wish comented fomoral comgae

nents gave & relative ridk for pevialon of the cups of
0.7 eempared o those comhine] with uscemenied
ttanjm fnplasts, bul lbe diiferenge wa mol sipnifi-
cand {Table 4}

The failare rate of the Ti-Fit cup did mot dillfer,
whelber # was cosmbined with Ibe oncemenied Kio-
IFn {Richards, Menphis, Termesce, U5 A ) chrame
wushall slem or with comenled slims

The muamnbsers of TIHEs mevised for reasoos othor



Acta Do Scanc 1995, 86 (5] 484-500

than aseptic loosening of the cup are given in Tahle 5.
Tt shovald be noted that amang THE: with Ti-Fil cups,
a high musnber of nevizions had been done hecaase of
hoosening of the stem whepeas, foe the THE: wib
Endler cups. only s few mvigions had been done
because of stem Joceening. la sorvival analywes on
cug pevision fof any reason, the felations between the
grosthes(d types were practically unallered

Discussion

The surfsce cosling seeimns bo he the mosl Empomand
singhe Factor for the survival ol ingemented cops dur-
img e first & years, We found very low failers rates
Tor porous-coated and for HA-cosed vups, No dilffer-
epc: ookl be demonstraled betwoen these bwo
groups, bt the potous coated cep had a longer fal-
bow-up. HA-coating was found to give poud shom-
termn residls aleo on theeaded cupe. The meculi of the
melal backed dueaded eups withoul HA-coating
vaned. Coxa, Endler metal-backed vap, PM. LMT
and Buropean Cup wers far hetter than the Ti-Fit
cupd. The Ti-Fil and the Endler all-polyelbyleos oupn
gave poor reslis and they should be shamboned

“The Hisratere gives reasits for only o few types of
uncemnenteyd caps, but the resubls which have een
reported are comparsble o ours. For the Haswis-
Galante cup we found po revinons due o aseplic
Ioosening, which is in accordsnce with Harre and
Malopey (1989 in a study of 136 prostheses fal
bowed flor 2-5 years. The samva resull was also repost-
od by Sehemalzed and Hawis (1992) for 23 prosthe-
ses reviewed afier a minimom of § yesrs. aod by
Magiell et al. (1993) for 110 patients after 5-7 years,
Wob the Endler all-polyethybens cup, Gul et al
{15490) and Reigstsid et 21, {1994) found o high per.
cepiage of radiagraphic loosening. Fox el al {1994)
reported poorer pesulls than ours wicth ibe LMT
(TTAP) cup. bud the follow-up was [onger. No resulis
coukl be foursd in the literamre for the ather Types i
our materia).

The most impontant fectors for good shari-ters
resuls with uscemenied implants seem lo be imsneds-
ste atshility and possthilities for oD-growth of -
growih of bore. The latier b tbhe case in posods- and
HA cosicd surfsces (Baver et al. 1997, Samner ot al
1993). Threadad cupe bave heen shown 10 have 3
smaller contsct surfsce in apposition 1o bhone
(Huiskes 1%98T), amd hove been mparied o give a
roof  immediste fisation (Tooke ef al 198K,
Snomason and Kiwholm 1990) $fowower, in ke
present anvesttgation, HA-cosling oa the threaded
ups gave regulls comprrable o those of hemisfberic

eorraug-orated cups.

The poarer sesulis of the Ti-Fit cup, compared 1
the other inclal-backed (heeamded cups, on the basiz of
var data, sre dilficudt to expain, In contras o the
other cups, ke Ti-Fit cops were mastly (T3%) vam-
birsdd with e uncemented Hio Fit stem wideh have
ror pesidis (Mavelin et al 1993} However, we found
that ihe failure rate did nat differ whether the T3-Fit
cuw were cambined with s stem of with esimenisd
Fhenes.

We phaarved betier resulls in men than @ woimen.
This sex dfference is ihe opposite of that by Malchay
el al. {1993} end in moo other reparts on hip artheo-
plasties, b bn scoardance with Gal et ol {I9%0),
Wilson-MacDvenald {1990 and Morsches (1992) T
scemy podible hat te gesldy of boae is differest in
wuinen and that the inmedisic fxaton of threaded
cupn thereline coull be @ greates problem in women
than in mes, This coukd aba explain cur sosmewhat
poorer fesull bn patiesu with inflammatery hip dis
egses. It must be emphasized that it conmat be con-
whuded From our resalis that all Bnoesmented cops are
unxmtabie for wamen and patients with inflagunais-
1 hip disease, as we found good results both with ths
hemisphearic porous-coated cups and with the HA-
enated caps in theye patienls. Oy carlier expericnces
of ipgvase] ik for fevision among younges pationis
whas pat gonfirmed [Havelm ot al. 1994) Ose conelu-
sion from this investigotion cun thenelore be thal the
patient-related fackors were of less importance than
il type of prosthesis

Dharing the lasa few years, we have absceved oe
cvulonen of pecememtod acelabular compoeals.
Some inferior designs have bo be abandoned, whicre-
s ke short-term results of the uncemented panus.
eoted and the [ A-coated cops are goid, and ome
parable \a those of cemented cups, As demonstraied
by Sehmalzred ef al (19904) amd Muloney et al
{1993, wear and vaterlysis might inflaence the loag-
tenn resulis, I remains to b seen if the reaills with
wome ahcemenled cups, in some groaps of patols,
are hetler than for the hest-cemenicd. Until more i«
known showl their long-term resulis, uncemented
ascelabular components should he wsed s part of ran-
domized wials
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Early revision among 12,179 hip prostheses
A comparison of 10 different brands reported to the Norwegian

Arthroplasty Register, 1987-1993

Birgitte Espehaug’, Leil | Havelin?, Lass B Engesaeter?, Stein E Vollsat! and

Morvald Langelsndd

Ow fhe basls of dala from tha Norseglan Adhe-
plasty Register during the period 1687-1663, we
have compared Umed 16 mevislon for 10 diffennt
camenlsd ool hip prostheses. A total of 11,163
pailecis, with 12,770 primary 1oial Fp feplacerrants
(MHAs), pasrformod with high viscoslty cement far
primary aribeosts and followsd for s maximum of 6.4
yaars, waha included in this shady

Ths Kagdan-Maker sslimals of 1ha overall pescsnt-
wge revised afler 5 yaars was 2.5 [B5% Confidanca
interval: T.-3.0p For the Chamiey prosibesls (n
6B, 209 worh hevised alter 5 yanrs [B8% Cb
2.3=3.4). Using Cox regrasston to adimal for gendet,
age, type of cermant and use of systemic anliblotic
praphylaxis, he Charnbey proidivieds was cofrg s

will the § olkher brands. The revision rale for lhe
SpectronITH comblnation [Spectron acetabualum,
ITH Psrraar] [ 1,000 woaa. oy U35 [p 0u04) imee thad
o tha Charmiay prosiheses, The EINe/Charmbry o0ms
bination (Ele acetabulem, Chamley femury n 507
sl Thae Bl Ciller Ty perosthasls {n 1716} showed pesar-
or results with Talbune rales 2.3 {p 0.07) and 2.7 times
fp 0. D) thawl off Charndasy, spaciively,

Alhough the crerall resiiis for cermeeded THRS in
sl wer Qood, clinkcally Importan difersnces
in revigicn rates wore demonsimied among the
oemented prosthesls Brands, Our Bndisge whdedine
T read Tor cansdil sadualion of diferent iolal hip
replacementt.
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Large diffenences i revision die o ascji: kasming
have been reported among vanous ancementod foms

ral prosthesis beandy used in Noreay (Havelin et al

199 5a). The purpose of (ke pieweni slddy Was 5o oim-
pare the survival of the mest commonly weed cemend-
wd todal hip replecements {THHRs) in Morway dering
i pericd 1987-1903, We deckded o compare the
prosibees im0 homopeneods material and. becaoen
of poor reaults msicisted with the use of bow viscos-
ity eoment (Haveln e all 1995h), anly operations
performed will haph-vissotly cemaent were sebected,
Furibermese, we resiricied our analysis & patients
with primary arthrosis. Thas, Jdala e peeseied
copceming revisioen snvong 10 dilfereni hip prosthe.
wis bramds i 11,169 patients folloaned for @ marimen
ol b4 years

Patients and methods

Al THRs perfonned in Morway (4.2 millzan inhabi-
tamts) minco Soplomber [9RT have heen gepariel io

ke Morwegian Anbroplasty Begiaer (Havelin <t al
1993} Information was nblainad from a foom fidked in
by Lhe sarpeon afler gach oporation al all the = bos-
F.ul: performing THR. Revisions were linked (o the
primary oporation. usng the unbgoe idenisfison
pamher sisigned io each resbdent of Normay, Ax of
Fehnuary 1. 1994, dats had bees callecied o 20,008
prinary THES | 33957 patients

Im this sfudy. we Envestigated possibis diffenesoes
amomg the prodihesis bronds B Eagh-viscossy
cemenied THRs (n 18,E4R). Redricting the analyscs
ko xperaticns per oo hecaiss of pelmarny artheosis
redoced the number of operalicon o 13357 The
material was Tirther nestfoiad io B Sl canmanly
wned h'::h-'-l'iil."lhilj' cermrd] types: Falsoos § Scmng -
Ploiagh [nternationa] Inc, Kenilwogth, Now Tersey,
USaAYL Sempler (Howmedica [niemational
Lomdom, UKD and CMW [ (CMW Laboralorses
Dentspdy, Exeter, UK ) Operations perfommed with
other coment Types of wiik dlifferent coment iypes in
ibe goclnboliom and e Seere cicleded (o 3991)
Polemtial follow-up was definod @ the lomgedd o
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#ihle follow-up for each implant, j.e.. the tme diller-
ence beiwgen the date of implontation amd the lules)
prosiibde censaring of fevision dote, namely Felriaary
1. 1994 Omly prosthesis hrands whene the potenilal
fallow.up of the prosibeses added o to SO0 prosibe-
sls-years or meore were considersl. Thus, dats on
12179 peimary operations G 10,169 paticots
remained for analysis A tolal of 2433 paticots
underwenl sarpery om both bips, Bul ooty 1LOI0D
paticnts were included jn the analysis of wah opera-
tions. One operation was included for bilaterally
operated patienis, i caly one of the operations ful-
filled the sbhove inclusion criteria {737 patients) or of
the: Tirm aperation had been perfonned bhefore rvgis-
tration of THHEs started in Morway (66 palsents ).

18 order 10 evaliaie whether o prosthesis brassd kad
been wed lhmouglowt the whals period 1987-1%13,
o ouly chering e first o lust past of ike poriod, the
mein potential follow.-up was calewloled for euch
prosibesis beapd. A large value would them mdicale
g lresjizent woe early & i period and the oppasite
wigiald imdicale a miore freguent ure ia the Lelter part

Different combinatans of te following scetabalar
and femoral prosibesis Bresnds were invesiigated
{Table 1k Charmley stem ond cup, Elte cup
{Thackry. Leeds, LK ) Bxster sbein (polished) ancd
cup (Howmedica Internstionsl, Herowville, Francek
Titen stemm and cop (Landos, Chavmont, Frasce), 5P
HIP stem and cup, 5P 1T Lohinus stem [Waldemar
Lisk. Hamburg, Germany). TTH stem, Bio-fid slem,
Specirgn  ¢up (Richanda, Memphis, Temnessoo,
LS ALY LMT Biomel stem and cap, Biojsed Walson
Farrar cop, Buropean Cap Sywien (Biomet, Warsaw,
Imihana, U.SA) and Miller Type sicin and cop
(Lurumer, Warsaw, Indiapa USA) Ax 3" II
Lubinas and 5P HIP diflfered only by the moabalery
of U had i 5P 1), they ware neganded as one group
called Lubinus SP prostheses. The prostheses known

us Diamet Watson Farrar, LMT Biomet and Ecropesn
Cup System were alio trvated o8 one group called
Biomet prostheses. Only Elate cups with inner diame-
tem of 22 mun weio included. Proen 190, these cups
wrg markeled as Chasaby cops and ibe Elile name is
now wsed galy for ceps with ifncr diumeters other
than 23 mm,

Kaplan-Meicr stavival corves were caloslated with
i endpoint defined as a revision lof any caase in
which & parl or ke whole pomary prosthedis was
eachanped or pemoved. Patients could bhe mgisiered
with differenl reasons for @ revision and the effect of
a specific cause was invesligated by recognizing only
pewiana having this particular cagse os endpedet amd
censaring  reviaons having ot caimes. Whea
reperied in combination wilh olber catses, nfection
was alwsys given prorily. Fanbernond, aseptic loos-
ening hod precedencs over all cowses ofber than
infectin. Thus, duslocation was accepled as the thaan
caigve of revision, excepl when given in oonshination
with infection or wseplic looeening. The Central
Burean of Statistes. Culo, Norwoy, provided infor-
malson ot deaths mmong the patients. The follow-up
perind was usial the patient died or February 1. 1904,
Two-sided Jog-rank lests (Mantel 1966) were pers
formed 1o investipate whether amy differepces i sur-
vivorship ameng ibe prosthesis brands wene signifi-
cant. [ the survival curves dopicied, the pereentage
aof revised hips was given only fof lunes where mose
than 30 hipe remoled a1 sk,

Cux regresison was wsel o sstablish effect esti-
mialgs fof prosibevis brasd. with possibie sdjustmenl
fior type: of cement {Palacos with snubiotics {ie. gen-
iamicin and Palscos without sntibinlics, Shnplex
withoul anbibitics, CHMW T without antbiotics], use
ul sysicmse sntibiotic propiylacibes [yos, ook, e of
o banienic osteciomy {yes, ook type of operating
theater (greenhouse or laminar air ventilation, ordi-
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rary ventilation), genaler amel age (< 65, 65-T4, = 74
yeary) Wanehles wich mare than twa levels were ref-
resanted by indicalor varishles o avold asumpioss
of linear relatbonahips. Soore lests werd twd W caleo-
Rate p-values for the Ciox regression. Farthe ensore, ta
investigate whather the Cox extimsied prosthesis
hramsdl dhiferences spplied to subgroups of the malen-
al, prosthess beand-specific Kaplan-Meler survaval
cirves were cocaled within paliont sulgrods

The satisted] packages S-PLUS  (Seatistical
Xelences 1991) amd BMDP {Davos 1993 wepe used
far staistical shalyses.

Results

The Chambey prostbesis was used in 557, of the opey-
atwons, The gonder aid sge divirshution varied amasng
the peostesis brands (Table 1) For example, the
Elite/Chasnbey comibinstion was weasclaled with male
paticnts, and the Chareley, Exeter asd Spectron/TTH
proatheies with palaenits younger than 65 years Chher
charscleristics of tbe procedure were sl onevenly
distritmited {Fable 2 Use of the cement containing
emhibpotics vaned fram 1.0 ﬁ-ﬁﬂwmﬂ 5P
W SE% (Beomel), Overall 93% of the operatsans
were periommed with sysiemie antibsotic prophylas
ﬂl.l:,- for the Blomet prosthesis was the nse of systvin-
i antihotics the exception ralber than the rule
Crumdhired use of antibiotics balk in he cement ded
sysemically vapeed foom 10% o 708, Oeerall, o
*greenboose’ or 4 lapsimar amflow covisghimenl W
weee] 0 435 of ik operoisoms, aed almosl exclosive:
by with ihe 5 maost comumuonly dsesd prosdi bt brands,
OF the 2740 trochanieric osloodumisn pegivienad,

GE% were perfurmed with Chemley THRs.

Survivad analyses of prosthesis beand

The estimated Soycar Tuiler fale wa 23% for all
prustheses and 29% for Charnley THRs (Figare 1,
Tahde 3}, The performance of tbe SpectronfTIH som-
himsiion was superor i Chamley, while the Miler
Type and ElsiefiChamley prostheses were associabed
with poarer resulis. Thess rosells wege cogroberated
in @ Cox, made] wilky sdjustmeet for pender. age. Lype
of comenl and e of gysicenss stih oo prophylos.
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Flgaara 1. Kaplan-h sspr el imatoc pisfyisll cufvis ol revisias
T iy koo 1 Oof e el Prsies orilerechs s i priimuasry cm sl
il Pip replscsmenis i Norsay 10E7-1050. The povalie
relers s & loagerank el of Ofiererces in sufdsonfeg Bmong
i el e brands.
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whene the Spectron/TTH combinstion had o faslge
rate of OLAS that of Chareley (failune rats ratso 035,
p 0.0, The Mdler Type and ElleeCharnbey proathe-
st had failife rale ratios of 2.7 {p 04) and 21
{p Q00 . respectively. Fonther sdjustnent for e of
wochanbome csteolny ac iyipe of operaling thealer
gave only negligible differences in resnlts.

For all prostheses, gender was strongly nelated 1o
their murvival, with poorest resilis among male
patients. Owerall, the failare rate ratio companng men
to women wis 2.2 {p < 00001 ), Fipiare 3 shown six-
vival carves separaledy for male and female patients
aged bexs than 75 yoars aod 75 yoars or more. While
the resalls Were Quite simidlar in young ared older
patiends, Ihe vanshilily amomp prosthcses' [:r.ll'uq'-
mance Wil Mape promounoed amoog mabe patients
than among fomake patizals

Cifferant causes of rewision

The overall 5-yeas [zilure tate dus 10 aseplic locsen-
ing af wne or both components was |E% (%5%
Confidence [nierval; 1.4-2.1) o dislocstion 035
(CL: 0up=003) and to Enfesticon 0.5% (1 0300 OF
the 1E4 mevisions, tlﬁ:ﬂilmmm i ae
of aseptic looseming of one of both compongits
{ Tuble 4. O thawt, 76 were dise 4o isolaled Jloosening
of the femoral composent sl 21 evisom were due
W gselaied Joosening of the soetabular compoenent
(Figwe ) Owerall, 42 (2355 of the revisions were
r#rﬂwnud hecause of nfedion. amd 20 (1% pros-
theses had been revised because of dislocation. The

patteres uf the cause of evilon wens similie among
the difTeresl proeibesrs. with e cxoeplion of e
Elseflhanley combination where & vt of 12 revie

sicws were due o infeciion.

Blatoral cparations

18 ix powsible ithat survaval resalis mighi ke different in
hileerally apersied matients (o 1747} comparsd o
paticrds having only o artifscial hip. To igvestigate
this peuaibility we performed sl anad yues sirang uni-
latzrally operated pabients, The results were similarin
this subgroup

Discusshan

[he brind-ppecific supvival analysds in oun siedy
showed sigmificant differences among the cemenied
prosthesis brands geed m MNorway dedng the petiod
19871993, The SpectronfTH combination had &
heiber marvival than the Charmdey prosthes. The
resafis foued for the lianium femoral nplants TTTH.
Titaa and LMT Biomel seem 1o ke promising, kot Hi-
ile ki yet kmowa shoul thelr lonj-lemns (silore rae
Coneern ahoul dehris af Ifanium particle: has been
expressd (Friedman et al. 19908, Haymes of sl 599,
Bischall et al. 1954

The Elste cup was npoduced in Morway in 1955
by ke Charnley manelactorers in order o have cups
with lorger paler diamele s svailahle i the Chambey
system. Because of the obvious similarity between
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A e proshess jrifnary opssaaiien
operaian. ¢ Men yaunhger thin 15 yeis il prmary opandion. o) Man 75 years of mdry af prisan

e Elite/Chanley combinstion and the vgiginal
Chamley prostbesiz, il is dilicult w cxplain ik infe-
ricaity of e ElieiChamley. The fact ikat 50°% (6 oal
of 12) of tbe revisions were perfonned beiauss of
infection might indicsie that faciors oiber than the
degign of the prosthesis influenced the resell The s
of tse Eliteharmley combination was commaner in
male patients, whi s krown 1o be g high-risk group
(Skeie et al 1991, Malchau et al. 1993), bul the
resulls pereidled alicr aljustecnl for pender, oge

rype of cemment and wse of systemie antibriotic prophy-
lamie. Additional adjesment for type of opesaling
theater did nog ahier e resalls. Fusthermare, the pei-

mary operatsans of the 6 infected Elite/Chamley hip
were performed al § different hosiaks

In stk ta the EhteChamley coanbination, th
Migller Type prostbesis had inferior results whe
compared 4o the Charnley THR. Far the M ubler Typs
similar results hove heen roposted | gVl
iKrpomer et a1, 1991, Malchaw et al. 193], sod b
prosthesis has ol been in s in Norway sioce 1990
The high failuge rate of the Muller Type prosthesi
might be linked 1o b cured fovm of the frmor
L1l

Other prostlesis brands considered in this stod
were reporied o have both higher snd bower faiur
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rates than ke Charley prosthesis (Tuhbe 3} Several
of ks prostheses were mecd in relatavely baw num
bers and tise teats perfonmed (berefore lacked the sta-
laitical power I show small dafferences that might he
presend.

The data in a national register come from many
hospuals with masy nargeons performing the opera-
tiepa. Thas Tl must be laken into account when com-
paring these nesulls will data feom one hospital or
suggen having 4 spocial interest in @ prospective pro-
ject of a paficular provibesis hrend. Our pesidlls
conceming Chandey prostheias, bowever, were com-
parshle o iBose mported for Charley prosthoses
implanied duripg the [970s [Skeie e al 1990,
Sebulie ef al. 1993)

The Chambey, Exeter, Lahiaus 5P and Méller Type
prostheses bave alse been sod in Sweden, where

they were peporled fo a similar reglaier For these
hrasds, the survivel resalis could be compared in the
T crstintries, and oor resulls wese sieilar to tiee in
Sweden (Malchss et al. 19931

Asepliv looieming was Ihe main canse of revesian
m our matenial, with an estimated 5-year Falare rate
of 18%. As might be expecied afler only 6 year of
follew . up, aseptic kaosening of the acclabular com-
penent played o mimor rode compared © asepiic loes-
enimg of the lemoval compossat (Sutherland of al
PORY, Gacla-Cimbrels  amd  Mucoera 19935
Infection wai b second most mporiant reaws fof
revision. At § yesrs, the calimated (uiliae rate dos to
izlection was 05%. which is comparable o other
stualies [Abnfelt el al 19¥H1]. Mo specfic prosthedn
beanids disloeated muore ofien than olhers and e pevi-
wf Pevcenlace ascribed to ditlncatinn wos verv b



The explanatios fof this low mumber mighkt he that the
Morwegian Anbroplwty Regliter reconds caly revie
isons where a parl of or the whols prostheals b
exchanped of removed. Thus, closed or open rediss-
toes o ather typos of reaperations for dilocation we
pat reported. Moreover, as ooy patients with smhem-
sis snd nol diapnosey comenoaly associsted with dis.
locaton were (moluded in our study. the number of
diglocations would be expecied io be low.

The differences hetwean the anadjusics and adjust-
ed proatbesis brand esimates in the Cox snalysis
show the impanance of ad{uning for known risk fac-
icas wiven comparing lhe resills of diffencal rosthe-
sep (Chroas 19ER) Cug analyoes were camied out with
odjustmen for gender, age, type of cement and wse of
Eyslcm snithiohc prophylaxis. There may dlwe e
Empartant factars nol cohridered in this study, eilber
becaue They have ol yot been recogninad &« soch v
they were pot available n the data materal reporied
i the Begister

We have oheerved pood overall rexulis of sdmeni-
od kip proathesss 1loweree, clinscally important daf-
feremnces n revisnn ralid wore demoanolrsled among
the variows cemenied tofal bap prosthesis bramids
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