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Summary

Artificid hip joints are used in only one hip for 85 % of the patients and in both hips
(bilaterd) for 15 %. The occurrence of bilateral prostheses and the influence they havein
surviva andyses of joint arthroplasties are seldom considered. In this study we therefore focus
on issues related to bilaterd hip prostheses and timeto revision surgery.

We used information from 47 355 patients with 55 782 primary hip prostheses reported
to the Norwegian Arthroplasty Register between 1987 and 2000. Due to the large number of
diagnoses, fixation techniques for the prostheses, and combination of prostheses brands, we
furthermore considered a“homogeneous’ subset of 9 703 prostheses from 7 930 patients with
primary osteoarthritis, and Charnley prosthesis fixed with antibiotic-containing Palacos cement.

Kaplan-Meer curvesfor al prostheses, ignoring that some patients have bilatera
prostheses, were compared with Kaplan-Meier curves using only the first inserted prostheses,
and with surviva curves accounting for bilatera prostheses.

Cox regression analyses were used to assess explanatory variables and to adjust for
confounding factors. The results from the ordinary Cox regression anayses were compared
with results from a margind mode, a shared gamma frailty modd, and amode using atime
dependent covariate to condition on failures in the opposite hip.

We found no practica difference between the three caculated surviva curvesfor the hip
replacement data. The ordinary Cox-mode and the margind modd gave equivalent results. In
the shared gamma frailty mode estimates for the risk factors were comparable with the former
two gpproaches. The estimated frailty variance was high when dl data were used, even after
adjusment for confounding factors. For the “homogeneous’ data the estimated frailty variance
was negligible. Using atime dependent covariate to condition on previous revisonsin the
opposite hip, we found a high risk of revison for the remaining hip if the opposite hip had been
revised (RR=3.51, p<0.0001).

There was no difference in risk for revison between right and left hip prostheses. If the
time interva between the two primary operations was more than two years, for the full data,
the first hip prosthesis had an increased risk of revison compared to prosthesesin patients
with only one prosthes's (RR=1.26, p=0.0066). While for the “homogeneous’ datano
datigticaly significant difference was found between unilateral and bilateral prostheses.
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In analyses of surviva and assessment of standard risk factors, dependence between
two hip prostheses from one patient may be ignored. However, revision in the opposite hip is
arisk factor itself and can be used as a predictor for the surviva of the index hip.
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1. Introduction

Survivd andydsisasandard tool for analyzing time to falure for joint arthroplasties[ 1,
2]. The common approach isto use each hip as the unit of observation and ignore that more
than 20 % of the hip prostheses are bilateral. However, to use hip asthe unit in the analyses
and ignore that some hip replacements are clustered within patients may be problematic [3].

In 1993 Havelin et d. [4] showed that Femora prosthesis inserted in the right hip had
poorer results than Femora prostheses inserted in the left hip. This was due to the design of the
prosthesis with right-handed threads, both for left and right hip prosthesis. A possible
difference between timeto falure of the right and |eft prosthesisisthe first issue related to the
topic of bilateral prostheses. Secondly, prostheses in bilaterdly operated patients may have a
different time to failure than prosthesesin unilateral operated patients. This difference may dso
depend on the time interval between insartion of prosthesesin the two hips. Third and most
complicated, there may be dependenciesin time to failure between two prostheses in the same
patient. In this context dependency can be understood as a potentia change in risk of revision
(fallure), for the index hip, conditioned on arevison in the opposite hip.

Some studies have discussed hilaterd hip prostheses in andysis of time to fallure for the
prostheses[2, 3, 5, 6]. Ripatti and PAmgren [7] looked a more flexible multivariate frailty
models using pendized partia likelihood and used data on tota hip replacements to exemplify
their results. Schwarzer et d. aso used a shared gammafrailty model to model bilateral
dependencies for primary hip prostheses data [8]. Dependencies between bilaterd hip
prostheses have aso been discussed in the orthopaedic literature as a problem to consider
when surviva of hip prosthesesis studied [3]. Some studies have selected one prosthesis from
each patient to avoid possible problems with bilateral prostheses. Thisisasmple approach,
which eadily can be compared with results from the analyses using the complete data[9]. The
reason why so few studies on bilateral hip prostheses have been undertaken, may be that
datistica tools for dependent survival observations are somewhat complex and have not been
implemented in standard Statistical program packages.

In this paper we use severd approaches to study the issue of bilateral hip prostheses.
Firg ordinary Kaplan-Meier surviva curves are used to visudize time between two primary

operations for the two hips in the same patient.
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Furthermore, andyses of timeto falure (revison defined as removing or replacing of the
primary prosthesis) for each of the primary prostheses was considered. Ordinary Kaplan-
Meer surviva curves, usng al observations, was compared with Kaplan-Meier curves using
only one prosthesis observation from each patient, and thereafter asurvival curve for bivariate
data accounting for possble heterogeneity among patients.

Ordinary Cox proportiona hazards models, ignoring bilateral prostheses, were
compared with amargina mode adjusting the parameter variance estimates (and p-vaues) to
account for possible dependencies between two hips from one patient. The anayses were dso
performed usng ashared gamma fralty modd. Findly amodd using atime dependent

covariate to condition on possble eventsin the opposite hip was considered.

2. Hip replacement patients

All hospitas where tota hip replacement surgery is performed in Norway report their
operations to the Norwegian Arthroplasty Register [10]. In this study we have included 55
782 primary (first time) tota hip replacement operations from 47 355 patients reported to the
register between September 1987 and May 2000. Patients who had had their first hip
replacement operation before September 1987 and the second primary operation in the
opposite hip within the period were excluded (2378 patients). Information regarding the
prosthesis operation was collected using a standard questionnaire filled in by the surgeon
immediately after the surgery.

Risk factors of main interest for revision surgery wereright or |eft hip and sequence for
the prostheses. Sequence for the prostheses were used to distinguish between patients with
one and two prostheses and is further explained in section 4 on regression analyses.

Age, gender, diagnosis (reason for hip surgery), year of operation, and qudity of the hip
prosthesis were considered as potential confounders and used as adjustment variables. Age
and year of operation were handled as continuous linear variables, due to the linear
relationship with the outcome for these variables. Diagnosis a hip surgery was categorized as
primary ostecarthritis, rheumatoid arthritis, fracture of the femora neck, pediatric hip diseases
(dysplatic hips with and without didocation, Perthes disease, and patients with dipped
capitd femora epiphysis), and the remaining as* other diagnoses’ (encompassing 70 different
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diagnoses). Hip prostheses were categorized as cemented prostheses with antibioticsin the
cement, cemented prostheses without antibiotics, inferior uncemented prostheses, good
performing uncemented prostheses, uncemented acetabulum prosthes's and cemented femur
prosthesiswith antibiotics, and finaly uncemented acetabulum prosthesis and cemented femur
prosthesis without antibiotics. See Furnes et a. (2001) for a further description.

Revison surgery (defined as removing or replacing of the primary prosthesis) was
consdered asfailure (event) in the analyses. Prostheses with no failure until date of death for
the patients, obtained from Statistics Norway, or till intact a the end of study (May 1% 2000)
were handled as censored observations. Observation time was measured from the primary
(first) operation for each hip. Primary operationsin both hips at the same time were reported
for 106 patients.

Anayses werefirg done usng datafrom al patients. Additionaly, due to the large
number of different diagnoses, fixation techniques for the prostheses, and combinations of
prosthesis brands, we analyzed a more homogeneous subset. The large “homogeneous’
subset, with well-documented results, includes 7 930 patients (9 703 prostheses) with primary
osteoarthritis, Charnely prosthesis, and Palacos cement with antibiotics (gentamycin) in both

acetabulum and femur.

3. Survival curves

Time between two primary prostheses operations for the same patient was visudized
using ordinary Kaplan-Meier curves. No further analyses are presented for the time between
two primary prostheses.,

Let T;; be time from the primary operation to revison surgery or till end of follow up for
prosthesisj (j =1or 2) inpatienti (i=1, ..., n). Hence T;=min(V;;, W;) where V;; istime to
revison and W; istimetill end of follow-up, or loss to follow-up for other reasons, for
prosthesis| in patient i. A revision of prosthesisj in patient i isidentified by Dy=I(Vi;£W;),
whichis1if arevision isobserved and O otherwise. We observe T;; and D;.

Firg, the ordinary Kaplan-Meier method was used to caculate time to revison for dl
hip prostheses ignoring possible dependence between two prostheses for gpproximately 15 %
of the patients. Secondly ordinary Kaplan-Meier curves based on the first hip prosthesis from
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each patient were calculated. Alternatively one hip could be drawn from each patient at
random. This approach removes possi ble dependence between bilaterd prostheses, but also
reduces the size of the data consderably. Third, an aternative approach using the idess of
Aden et d. [11] to caculate mean surviva accounting for possible heterogeneity was therefore
considered.

Let Y;(t) bethenumber of prostheses (1 or 2), for patient i, with life time grester than,
orequal to, t. Let Y, (t) =1defineif prosthedsj from patienti isa risk a timet and O

otherwise, Y, (t) =I(t £T;,) . Hence Y, (t) = é Y, ().

Further, welet N, (t) beacounting process counting the number of revised prostheses

(L or 2) uptill (before) timet, for patient i. Let R(t) be the set of patients with at least one
prosthesis lagting longer than t, and Y(t) the number of such patients. Then

Y() =4 1(%(1)>0). @

The Kaplan-Meier-like surviva curve accounting for possibly heterogeneity of bilatera

obsarvations can be written as

st)= O @ dl ). 2

i R(t)

Here L .(t) istheintegrated hazard for individua i and is defined as

t
~ 1
L.(t)=¢C dN. (s). 3
W= Qg NG ®)
If thereis only one observation for each individud é(t) equals the ordinary Kaplan-
Meer estimator.

Pointwise 95 % log transformed confidence limits [11] with alower limit adjustment for
the number of observations at risk [12] are calculated for the surviva curves.

4. Regression analyses
To sudy the effect of explanatory variables on the time to prosthesis revision and to
model possible dependence between two prostheses in the same patient, simple proportional

hazard models and extensions were considered [ 13]. The effect of having two prostheses was
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represented using atime dependent covariate defining the order for the prosthesis. Let j=1 be
the firgt inserted prosthesis and j =2 the second inserted prosthesis. Let B be the time between
insertion of the two prostheses (j=1 and 2) for patient i. We observe B only if B £ Wi;. If
primary operations on both Sdesis carried out a the sametimethen B = 0. Let X;;(t) bea
time dependent covariate defining the sequence for the prosthess operations for prosthesisj in
patient i. We let

i 0-The patient hasonly one prosthesis (j =1), t£ B
-':1-1st prosthesis (j =1), the patient obtained twoprostheses withintwoyears, B £2, B, £t

X (1) :}_ 2-1st prosthesis (j =1), the patient obtained two prostheses beyond twoyears, 2<B £t (4)

: 3-2nd prosthesis (] = 2), the patient obtained two prostheses withintw o years, B, £ 2
1 4-2nd prosthesis ( j = 2), the patient obtained two prostheses beyond two years, 2< B

A patient is hence considered to have only one prosthesis until a second prosthesisis
inserted in the opposite hip. We distinguish between prostheses where the time interva
between two primary operations (for patient i) is more or less than two years.

Firgt an ordinary Cox proportiond hazard modd with only the time dependent variable,

ignoring other known explanatory variables was consdered.

(1) =1o(t) ™ ®
Werel j(t) isthe hazard for prosthesisj in patient i and | o(t) is the common basdline
hazard function for al observations. A ample modd including only side of the body as the
explanatory variable was aso consdered. Furthermore amode including adjustment for
known important risk factors, described in section 2, was applied.
To adjust the variance estimates for possible correlation between two hip prostheses
from the same patient, the same set of anadyses was consdered usng amargind modd. The
margind modd firg caculates the parameters in the standard proportional mode ignoring
possible dependence and thereafter calculates robust variance estimates to account for
possible dependence [13-15].
A proportiona hazard frailty mode (shared gammafrailty) to estimate and adjust for
possible dependence between bilateral prostheses was thereafter considered. The
proportiona hazard frailty mode including only the time dependent covariateis
() =1,()w>e

Bxi; (t)
: (6)
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X ) =

Inthismodd v isthefralty variable, which follows a gamma digtribution, with mean
equal to 1. Thismodel assumesthat each patient, i, hasits own frailty influencing the risk for
revision for al observations from the patient. Two hipsin one patient share therefore the same
fralty, hence the term “ shared frailty”. The frailty modd can be rewritten in terms of arandom

effect modd,
- ;; (t)+wz;
(1) =1,(t)> . @

Where w are digtributed aslog of agamma didtribution, with mean equd to 0 and
variance equd to q and Z; identifies patient i. Estimation and testing of the frailty variance was
performed using penaized partia likelihood estimation methods, as described by Therneau
and Grambsch [13] and by Ripatti and PAmgren [7]. Testing of the frallty term was performed
using alikdihood ratio test [13].

The lagt dternative we consdered was to condition on the failure status of the prosthesis
in the opposite hip. If we extend the time dependent covariate (4) it can be used to condition
on the gtatus of the opposite hip. The result of the relation between revisonsin two hips from
the same patient can thus be expressed as a hazard rate ratio.

Let Tj;, Dj;, and B; be defined as previous. Let Q; be the time from the primary
operation in hip j (the current hip) to arevison in the opposite hip for patient i. The extended
time dependent covariate can be defined as
i 0- The patient hasonly one prosthesis(j =1), t<B
: 1-1stprosthesis (j = 1), the patient obtained twoprostheseswithin twoyears, B, £2, PEt£Q,

i 2-1ste prosthesis (j =1), thepatient obtained twoprosthesesbeyond twoyears, 2<B £t£Q; | (8)
: 3-2nd prosthesis (j = 2), thepatient obtained twoprostheseswithin two years, B £2, t £ Q,

: 4-2nd prosthesis (j =1), thepatient obtained twoprostheses beyond twoyears, 2< B, t £Q,

{ 5- The prosthesisin the opposite hip (j = 1or 2) has been revised, Q; <t

This time-dependent covariate replaces the previousin an ordinary proportiona hazards
model and hence enables us to condition the result for hip j in patient i on the status for the
oppodgite hip in the same patient.

Results for the explanatory variables are stated in terms of the relative risk (RR= €°,
hazard rate ratio) and p-vaues less than 0.05 were consdered significant.

All analyses were performed using the statistical software package S-Plus (S-Plus 2000

for Windows, MathSoft, Inc., Seattle, Washington, USA) [13].
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5. Results

Seventy percent of the prostheses patients were femaes. Mean age at primary
operation was 67 years (SD=11) for femaes and 70 years (SD=10) for males. Fifty five
percent of the primary prostheses operations were in the right hip.

Of the 47 355 patients 6 088 (12.9. %) patients had bilateral hip prostheses (Table 1).
Thus 12 176 (21.8 %) prostheses out of 55 782 were bilateral. The Kaplan-Meier curves for
time between two primary hip prostheses estimates that within 10 years 23.6 % (95 % CI:
23.1, 24.1) of the patients have bilateral prostheses (Figure 1). Within the first 2 years 11.3 %
(95 % CI: 11.0, 11.6) of the patients had the second hip prosthesis, while only 0.8 % had a
second prosthesis within the first 120 days. The “homogeneous’ subset showed equa patterns
for time between two primary prostheses operation.

There was virtud no difference between the three estimated survival curves for time to
revison for dl patients (Figure 2). The ordinary Kaplan-Meer curve gave adightly lower
revison rate (higher surviva) (9.0 % (95 % Cl: 8.6, 9.3) revised before 10 years) than the
Kaplan-Meier curve for the first inserted prostheses (9.4 % (95 % Cl: 9.0, 9.8) revised
before 10 years) and the bivariate surviva curve (9.3 % (95 % Cl: 9.0, 9.7) revised before 10
years) (Figure 2). For the “homogeneous’ subset the three surviva curves were practicaly
identica (Figure 3).

Regression analyses for the full dataset:

The standard Cox regression analys's showed no datisticaly significant difference
between left or right Side prostheses, but there was a dight tendency for lower risk of revison
intheleft hip (RR=0.94, p=0.074, Table 1). The first prostheses, when two prostheses was
present in the patient and the time interval between the two primary operations were more than
two years, had agatigticaly sgnificant higher risk for revison than prostheses in patients with
only one prosthesis (RR=1.26, p=0.0066, Table 1).

Adjustment of the variance of b, for possible dependence between two prostheses

from the same patient using the margina gpproach gave nearly identical results as the ordinary
Cox-model both for side of the body and sequence for the prosthesis.

For the frailty modd including only the time dependent variable and no confounders, the
frallty variance was estimated to be 3.08 (p<0.0001) and for amode including side of the
body only, the frailty variance was estimated to be 3.20 (p<0.0001). Including the
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confounding factors reduced the frailty variance to 1.42 (p<0.0001, Table 2), risk estimates
and p-vaues for the explanatory variables changed just dightly compared to the former
approaches.

Using the time dependent covariate to condition on possible failures in the opposite hip
gave equd risk estimates and p-vaues for Sde of the body as previoudy. In patients with
bilatera THR inserted more than 2 years apart, the first prostheses till had a gatisticaly
sgnificant increased risk of revison compared to prostheses from unilaterd patients
(RR=1.25, p=0.010). Additionaly the second prostheses had a tatistically significant reduced
risk for revison compared to prostheses from unilateral patients (RR=0.80, p=0.0027). We
found ahigh risk for revison in the index hip if the opposite hip had been revised (RR=3.51,
p<0.0001).

Regression analyses for the “ homogeneous® dataset:

The ordinary Cox mode showed no satigtically sgnificant differences for sequence for
the prostheses or for side of the body (Table 2). The margind approach gave smilar results.
Further, in the frailty modd including only the time dependent variable, and not any
confounders, the frailty variance was estimated to be 0.342 (p=0.62) and for amode only
including sde of the body the frailty variance was estimated to be 0.376 (p=0.72). Including
the confounding factors the frailty variance reduced to 0.002 (p=0.78, Table 2). Furthermore,
the risk estimates and p-vaues for the explanatory variables did not change compared to the
former gpproaches. Conditioning on failuresin the opposite hip had a dight influence on the
risk estimates and p-vaues, yet none were gatisticaly significant. Furthermore, there was an
high risk of revison in the index hip if the oppaosite hip had been revised (RR=2.30, p=0.045,
Table 2)

6. Discussion
In this study we have considered severa approaches for analyses of event history data
with partly paired data from total hip replacement patients. We found that analyses treating all
operations as independent observations, ignoring that some patients may have two primary
prosthesis operations, generdly is an acceptable approach for anayses of these data. If a
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patient had arevison in one of the hips this would however influence therisk for arevisonin
the opposite hip.

There are aout 1 million individuals receiving prostheses worldwide per year [16] and
alarge number of these patients have bilateral prostheses. The am for collecting dataon
prosthesis operations is quality control of prosthesis brands and operation methods.

There has been some clinica focus related to patients with two hip prostheses, how
these observations may cause bias for the results for the prostheses, how these clustered
observations should be handled, and which results these prostheses may have[3, 5, 6]. Some
methodologica studies have dso used data on tota hip replacements, either to model more
complicated frailty structures for repeated hip replacement operations[7], or to look at the
influence of bilateral hip prosthesesincluding consideration of desth and reoperation as
competing risks [8].

The amplest approach to avoid possible dependency problems with bilatera
observations is to select one observation from each patient (either systematic or randomly).
This gpproach may be satisfactory for some Stuations, but it isnot idedl as it may reduce the
data substantialy. Comparing results from this smple gpproach with results from the complete
datamay be asmple way to ingpect possible effects of bilaterd observations. In this paper we
compare Kaplan-Meier curves using these two approaches with surviva curves caculated
using a smple nonparametric method accounting for multiple observations for each individud.
There was practicaly no difference between the three surviva curves for the hip replacement
data, neither for dl data, nor for the “homogeneous’ subset. Other studies have discussed
further methods for handling bivariate or multivariate deta when nonparametric surviva curves
arecaculated [11, 17, 18].

A standard proportiona hazard model including atime dependent covariate for the
number of prostheses in each patient and side of the body as explanatory variables was
considered. This gpproach may be appropriate under ordinary circumstances when anayss of
primary hip prostheses are done. The argument is based on our findings of no difference
between the slandard model and a marginal modd correcting the variance estimates for
correlation between observations from the same individua. Furthermore, the shared gamma
fralty model had smilar results for the effect estimates for the explanatory variables and their
variances, even though the frailty variance was large for the full data set. Thisindicates
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heterogeneity between individuas for the complete data while for the “homogeneous’ data
including known confounding factors the frailty variance was close to zero. It should be noted
that the interpretation of frailties and frailty modelsis not sraightforward [19], particularly not
for the proportiond hazard modd [20]. A parametric model (e.g. aWelbull model) can be an
dternative, with an eader interpretation of frailty effects, but the modd assumption may be
gricter in terms of a parametric basdline hazard.

We claim that for the present Stuation, the most appeding presentation of the relation of
risk for revison between two hip prostheses in the same patient, is modeled using the time
dependent covariate, conditioning on possible eventsin the opposte hip. A further adjustment
of the variance estimatesin this mode can be argued for. We did these analyses for our data
with no changein theresults

In this study we found no indication for any large influence on the reauits, for the
explanatory variadles, if bilaterd hip prostheses were accounted for. One may, on the other
hand, not conclude that thisis the case for any materia on joint arthroplagties.

Using amodd induding a time dependent covariate to condition on failuresin the
opposite hip, we found that patients with arevised (failed) prosthesesin one hip had an
increased risk for revison in the oppodite hip. If two hip replacementsis present in the patient
and the time interva between the two primary operaionsis larger than two years, it ismore
likely that the firgt primary prosthesisis a prosthesis with inferior quaity, which has been
abandoned the later years. For the “homogeneous’ subset, with the same prosthesis type for
the whole time period, this effect was not present.

In analyses of stlandard risk factors, dependence between two hip prostheses from one
patient may be ignored. However, revison in the opposite hip is arisk factor itself and can be
used as a predictor for the surviva of the index hip.

Stein AtleLie 13



Legendsto figures

Figurel: Percentage of unilaterd hip prostheses by years after first hip prosthesis for 47
355 patients. (With 95 % confidence limits).

Figure2: Kaplan-Meer curvefor timeto revison surgery (B), Kaplan-Meier curve for the
firgt inserted prosthesis (C), and asurviva curve accounting for bilatera
prostheses (A) for 47 355 patients (55 782 prostheses).

Figure3: Kaplan-Meer curve for timeto revison surgery (B), Kaplan-Meier curve for the
first inserted prosthesis (C), and asurviva curve adjusted for bilateral prostheses
(A) for a*homogeneous’ subset of 7 930 patients (9 703 prostheses) with
primary osteoarthritis, Charnley prosthesis, and Palacos cement with antibiotics.
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Table 1: Full data set:

Proportional hazard models for 55 782 primary hip prostheses operations in 47 355 patients with 3 105 revision operations.
Standard Cox proportiona hazard model is compared with a marginal model (Marginal), a shared gamma frailty model (Frailty),
and a conditional model using a time dependent covariate to condition on failures in the opposite hip (Conditional).

Standard Marginal Frailty Conditional

N? = RR® p RR® p RR® p N® E’ RR® p
Only 1 prosthesis 4794 2342 1 - 1 - 1 - 47207 2232 1 -
1% of 2 within 2 years 5483 327 103 063 103 0.62 099 0.98 5289 267 089 0.091
1* of 2 beyond 2 years 3091 169 1.26 0.0066 1.26 0.0069 1.27 0.0067 3091 161 1.25 0.010
2" of 2 within 2 years 5002 268 09 048 0.96 048 096 057 5002 218 0.80 0.0027
2" of 2 beyond 2 years 3091 105 111 032 111 032 119 011 3091 98 108 047
Opposite side is revised 951 129 3,51 <0.0001
Right 30HA7 1738 1 - 1 - 1 - 30A7 1738 1 -
Left 2483% 1367 094 0074 094 0.075 0.93 0.066 2483% 1367 093 0.064
Frailty variance (cf ) 1.42 <0.0001

aNumber of primary prosthesis operations for each category.
b Number of revisions (events)
c Relative risk (hazard rate ratio)

The analyses were adjusted for age, gender, diagnosis at hip surgery, year of operation, and quality of the hip prosthesis.
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Table 2: Homogenous data set:

Proportional hazard models for 8 703 primary hip prostheses operationsin 7 930 patients with 253 revision operations.
Standard Cox proportiona hazard model is compared with a marginal model (Marginal), a shared gamma frailty model (Frailty),
and a conditional model using a time dependent covariate to condition in failures on the opposite hip (Conditional).

Standard Mar ginal Frailty Conditional

N? = RR® p RR® p RR® p N® E’ RR® p
Only 1 prosthesis 7377 189 1 - 1 - 1 - 7298 189 1 -
1% of 2 within 2 years 755 19 092 074 092 0.74 092 0.74 721 15 078 0.36
1* of 2 beyond 2 years 434 10 125 051 125 050 125 051 434 10 130 043
2" of 2 within 2 years 738 21 100 099 100 0.99 100 0.99 738 19 093 0.78
2" of 2 beyond 2 years 617 14 114 065 114 0.66 114 0.65 617 14 118 057
Opposite side is revised 113 6 230 0045
Right 5097 158 1 - 1 - 1 - 5097 158 1 -
Left 3606 9% 079 0.078 0.79 0.083 0.79 0.078 3606 9% 079 0.075

Frailty variance (cf )

0.002 0.78

aNumber of primary prosthesis operations for each category.
b Number of revisions (events)
c Relative risk (hazard rate ratio)

The analyses were adjusted for age, gender, diagnosis at hip surgery, and year of operation.
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Dependency issuesin survival analyses
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