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Patient-related risk factors for early revision of 
total hip replacements 
A population register-based case-control study of 674 revised hips 

Birgitte Espehaug’, Leif I Havelin2, Lars B Engesaeter2, Norvald Langeland3 and 
Stein E Vollset’ 

In this population register-based, matched case- 
control study, we assessed patient-related factors 
and early risk of revision after total hip replacement 
(THR). Information was obtained via a mail survey 
among patients reported to the Norwegian Arthro- 
plasty Register during the period 1987-1 993. The 
study included 674 revised hips, as cases, and 1,343 
hips with a primary operation only, as controls. Com- 
pleted questionnaires were received from 81% of 
the 2,017 individual cases and controls. 

We identified a set of patient-related factors asso- 
ciated with poor THR prognosis. Increasing weight 
was a risk factor among male patients older than 67 
years who were more than 1.77 m tall (p = 0.01). 

Smoking had no overall effect, but former heavy 
smokers had an increased risk of 2.6 compared to 
never-smokers. Alcohol intake was associated with 
an increased risk of dislocation. Revision due to in- 
fection was commoner among patients taking anti- 
diabetic drugs (OR = 14) than among patients taking 
no medication. An increased overall revision risk was 
found among patients using systemic steroids (OR = 
2.8) or local pulmonary steroids (OR = 6.0). The risk 
also increased in male patients performing regular 
exercise before the primary operation (OR = 2.6), and 
in female patients of working-age doing heavy work 
(OR = 1.9). 
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Several factors associated with total hip replacement 
(THR), like type of prosthesis, cement and antibiotic 
prophylaxis, influence the survival of implants 
(Havelin et al. 1994, 1995a,b,c, Espehaug et al. 1995, 
Murray et al. 1995, Espehaug et al. (in press)). The 
effect of gender and age on risk of revision has been 
studied by several authors (Ahnfelt et al. 1990, 
Malchau et al. 1993, Havelin et al. 1994). Less is 
known, however, about the prognostic value of other 
patient characteristics (NIH Consensus Development 
Panel on Total Hip Replacement 1995). 

An association has been reported between the 
development of primary coxarthrosis and load on the 
hip because of overweight (Rissanen et al. 1990, 
VingSLrd 1991, Heliovaara et al. 1993), and physical 
demands in relation to occupation (Vingiird et al. 
1991a,b, Axmacher and Lindberg 1993, Roach et al. 
1994) and recreation (Lindberg et al. 1993, Vingiird et 
al. 1993). That similar loading mechanisms also 
increase the risk of THR revision has been demon- 
strated (Dorr et al. 1983, Surin and Sundholm 1983, 
White 1988, Schurman et al. 1989, Hozack et al. 

1990, Kilgus et al. 1991, Karachalios et al. 1993). 
Smoking, alcohol abuse and steroid medication are 
associated with an increased risk of osteonecrosis of 
the femoral head (Chang et a]. 1993, Hirota et al. 
1993). Impairment of the circulatory system caused 
by these factors may also have an impact on THR sur- 
vival. There are other kinds of medication or diseases 
that can be considered risk factors for revision. In par- 
ticular, some reports indicate that non-steroidal anti- 
inflammatory drugs (NSAIDs) inhibit bone-repair 
(Keller et al. 1987, Ahrengart et al. 1988, McLaren 
1990, Hogevold et al. 1992), and that patients with 
diabetes run an increased risk of THR revision due to 
infection (Vannini et al. 1984, Wymenga et al. 1992). 

We investigated various patient-related factors, like 
weight, height, type of occupation, smoking, alcohol 
consumption, types of medication, and preoperative 
and postoperative exposure to physical demands, as 
risk factors for THR revision in a large population 
register-based, matched case-control study. 
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Patients and methods 
Study population 
The Norwegian Arthroplasty Register has since 
September 1987 collected information on practically 
all THRs performed in Norway at 68 hospitals. 
Detailed information concerning the operations is ob- 
tained from a standard form filled in by the surgeon. 
An English translation of this form has been made 
(Havelin et al. 1993). Data on revisions are linked to 
the primary operation, using the unique personal 
number assigned to each inhabitant of Norway. A 
revision is defined as an exchange or removal of a 
part or the whole of the prosthesis. 

Definition of cases and controls 
Cases were hips registered as having undergone a pri- 
mary operation and a reoperation, and controls were 
hips registered with a primary operation only. Patients 
operated on in 1987-1993 were included, with 683 
hips eligible as cases and 26,486 as possible controls. 
Following a density sampling procedure (Wacholder 
et al. 1992), two controls, matched for gender, age at 
the primary operation (k 5 years), the date of the 
primary operation (k 30 days) and bilaterality, were 
selected randomly among patients at risk for revision. 
Only 1 control was found for 5 of the cases and none 
for 9 cases. This left 2,017 hips, of which 674 were 
cases and 1,343 controls. The number of patients, 
however, was 1,896. Among these patients, 1,353 
were operated on unilaterally, 437 bilaterally and 106 
patients were operated on bilaterally but with the first 
operation performed before the registration started in 
September 1987. 

Among the 437 patients operated on bilaterally, 9 
patients were included with both hips as cases, 7 pa- 
tients with both hips as controls and 6 patients with l 
hip as case and the other as control. All other patients 
were included with 1 hip only. The discrepancy be- 
tween the number of observation units and the num- 
ber of patients was also due to the density sampling 
procedure used when selecting controls. Following 
this procedure, controls were selected from all unre- 
vised hips at the time of the case revision. This means 
that a control hip may appear as a case at a later time. 
Here, 38 patients were selected as both case and con- 
trol. 2 patients were selected as case and twice as con- 
trol (accounting for 4 additional observation units), 
53 patients were selected twice as control and 2 pa- 
tients were selected three times as control (4 addition- 
al observations). 

Questionnaire 
Information on patient-related factors was obtained 

through a mail survey among the patients selected for 
the study. The form contained, inter alia, questions 
regarding type of occupation, weight and height, 
medication use, lifestyle, and function with respect to 
occupational status, recreation, need of help, pain and 
walking ability. Information on function was re- 
trieved for the period just before the primary opera- 
tion and when the form was filled in. Patients with 
revised implants (the cases) received additional ques- 
tions regarding their function prior to the second 
operation. 

We assessed the potential effect of the following 
factors on revision risk: weight and height catego- 
rized in quintiles; history of smoking reported as 
“never”, “former” or “smoking at follow-up” as well 
as amount of smoking (cutpoint at median value, 5 8 
and > 8 cigarettes per day) and years of smoking (cut- 
point at median value < 3 0 , 2  30); alcohol consump- 
tion reported in units per week (cutpoints at 0, < 1 ,  1- 
4, > 4), where 1 unit was 1 drink, 1 small bottle of 
beer or 1 glass of wine; medication when answering 
the questionnaire and information on any month-long 
treatment for infection after the primary operation 
(yes, no); function just before the primary operation 
reported as need of help (yes, no), severe pain (yes, 
no) and poor walking ability (yes, no); physical activ- 
ity in relation to occupation, reported as “doing heavy 
physical work” (yes, no), being salaried or not (yes, 
no) just before and also after the primary operation, as 
well as type of occupation; and physical activity in 
relation to sports and recreation, reported as previous 
participation in competitive sports (yes, no) and 
weekly exercise (yes, no) before the first symptoms 
from the hip and after the operation. The dichoto- 
mized factors in relation to pain and walking ability 
were based on the Merle D’AubignC and Postel scale 
(l954), as modified by Chamley (1972). Severe pain 
was defined as severe and spontaneous pain at rest 
and at night, and poor walking ability was defined as 
ability to walk only a few meters on crutches or being 
bedridden. 

Statistics 
Relative risks (incidence density ratios) were estimat- 
ed by odds ratios obtained from conditional logistic 
regression analyses. Although matching was per- 
formed according to gender, age, bilaterality and time 
of the operation, the patient-related revision risk esti- 
mates may be further confounded by other acknowl- 
edged risk factors, such as use of a cemented or unce- 
mented prosthesis (Havelin et al. 1994), type of 
cement (Havelin et al. 1995a). brand of prosthesis 
(Espehaug et al. 1995, Havelin et al. 1995b,c) and 
regimen for antibiotic prophylaxis (Espehaug et al. 
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(in press)). Thus all statistical analyses were per- 
formed with adjustment for use of systemic antibiotic 
prophylaxis (yes, no) and for a factor reflecting use of 
cement type among cemented prostheses (high-vis- 
cosity cement with added antibiotics, plain high-vis- 
cosity cement, plain low viscosity cement and Bone- 
loc cement), prosthesis brand among uncemented 
prostheses (‘good’ and ‘inferior’ prosthesis brands), 
and whether a hybrid or unknown cementation had 
been used. As in previous studies (Havelin et al. 
1995b,c), the uncemented prosthesis brands Ti-fit (ac- 
etabulum)/Bio-fit (femur) (Richards, Memphis, Ten- 
nessee, USA) and Coxa (acetabulum)/Femora (fe- 
mur) (Thackray, Leeds, UK), were grouped as unce- 
mented prostheses with inferior prognoses. 

Subgroup analyses were performed within gender 
and age groups, where age was dichotomized accord- 
ing to whether the patient was of working age when 
the primary operation was performed. In Norway, the 
general age of retirement is 67 years. 

The statistical analyses were performed using the 
program package SPSS (1993). The SPSS does not 
include a conditional logistic regression procedure for 
analyses of matched case-control data as such, but the 
Cox proportional hazards regression module of SPSS, 
gives conditional logistic regression results when per- 
formed with risk-sets restricted by the matching fac- 
tors and the time set at a constant value. The partial 
likelihood of the Cox module is thus equivalent to the 
conditional logistic regression likelihood (Walker 
1982, Le and Lindgren 1988). 

Results 
We received complete questionnaires from 81% of 
the 2,017 individual cases and controls selected for 
the study. Thus, the study included 536 patients with 
primary and revision surgery and 1,092 patients who 
underwent primary surgery alone. Only small varia- 
tions in response percentages were found between age 
and gender groups. Male patients constituted 43% of 
the material and the median age at the primary opera- 
tion was 67 (16-88) years. Table 1 gives the dishibu- 
tion of various predictors of revision risk among re- 
vised hips and controls. 

Diagnosis, type of cement, type of prosthesis 
and antibiotic prophy/axis regimen 
The commonest primary diagnoses were coxarthrosis 
(67%) and sequelae after congenital dysplasia 
(arthrosis secondary to congenital dysplasia without 
dislocation) (12%). No differences in revision risk 
were observed among the different diagnoses 

Table 1. Distribution among cases and controls of different 
risk predictors for reoperation after total hip replacement, 
Norway 1987-1 993 

Percent 
of controls 

(n 536 ) (n 1,092) 
Risk predictors of cases 

Smoke and alcohol 
Current smokers 20 22 
Former smokers 32 30 
Alcohol abstainers 36 33 

Antibiotics after prim. op. 17 7.5 
Medication excl. analgesics 43 45 
Medication incl. analgesics 16 11 
Analgesics only 9.0 4.7 

Severe pain 88 87 
Poor walking ability 58 53 

Previous regular exercise 57 48 
Regul. exercise after prim. op. 53 55 

Medication 

Function when operated 
Needs help 65 68 

Recreation 
Previous competitive sports 16 16 

Occupation 
Heavy work 47 46 
Salaried at prim. op. 28 26 
Salaried after prim. op 21 25 

Coxarthrosis 67 67 
Rheumatoid arthritis 3.8 3.6 
Femoral neck fracture 9.3 8.9 
Sequelae after dysplasia 11 12 

Primary diagnosis 

Cement and prosthesis 
Cemented 63 74 

High-viscosity cement 45 65 
Low-viscosity cement 3.3 2.2 
Boneloc cement 6.5 1 .I 

Uncemented 28 21 

Systemic 90 93 
Antibiotic prophylaxis 

In cement 15 27 
Systemic and in cement 12 25 

a Previous exposure or, when relevant, exposure at follow-up 

(p = 0.5). Cemented prostheses were used in 71% of 
the operations, and 31% of these had had antibiotics 
added to the cement. The lowest revision risk was 
found among THRs cemented with antibiotic-con- 
taining high-viscosity cement, whereas the highest re- 
vision risk was found among prostheses cemented 
with the Boneloc cement (OR =11, 95% CI: 4.7-27) 
and among some of the uncemented prosthesis brands 
(Ti-fit (acetabu1um)Biofit (femur) and Coxa (acetab- 
ulum)/Femora (femur)) (OR = 6, CI: 3.4-11). Fur- 
thermore, THRs performed without systemic antibiot- 
ic prophylaxis had a 1.5 (CI: 1 .O-2.3) times higher re- 
vision risk than THRs using systemic antibiotics. 

Patient weight and height 
Median height and median weight in male patients 
were 1.78 m and 81 kg in patients with a revised hip 
and 1.76 m and 80 kg in the controls. Among female 
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Table 2. Smoking and alcohol intake as risk predictors for 
reoperation after total hip replacement, Norway 1987-1 993. 
Relative risks estimated as odds ratios (OR) in conditional 
logistic regression analyses 

Risk predictors n OR' 95%CI 

Smoking 
Never 774 
Former 

Light 118 

Heavy 8a 

Light 34 

Medium 187 

Current 

Medium 178 
Heavy 105 

Test for homogeneity 

1 .o 

1.0 (0.61.5) 
0.9 (0.6-1.3) 
2.6 (1.5-4.4) 

0.9 (0.4-2.0) 
0.8 (0.5-1.2) 

p = 0.01 
0.8 (0.5-1.3) 

Alcohol intake per week 
Teetotaller 543 1 .o 
c 1 unit 533 0.8 (0.6-1.1) 
1 -4  units 155 0.9 (0.6-1.4) 
> 4 units 125 1.4 (0.8-2.2) 

Test for homogeneity 
Test for departure from linear trend 

p = 0.2 
p = 0.1 

.~ 

a Adjusted for gender, age, date of operation and bilaterality 
(matching factors) via the study design. 
Smokers divided into heavy (A cig. per day (median 
value) in 230 years (median value)), medium (58 cig in 230 
years or >8 cig. in c30 years) and light (58 cig in < 30 
years) smokers. 
1 unit = 1 drink = 1 glass of wine = 1 small bottle of beer. 

patients, the median height and weight were 1.65 m 
and 68 kg in revision patients and 1.64 m and 66 kg in 
the controls. There was no overall effect on the revi- 
sion risk of an increasing body mass index (kg/m2), 
neither among men or women. However, we found a 
linear increase in revision risk through the weight 
(p = 0.03) and height quintiles (p = 0.003). Subgroup 
analyses showed that the weight trend was confined 
to men above median male height (1.77 m) and over 
67 years at the primary operation (OR = 1.7, CI: 1.2- 
2.6). In this group (n 143), patients weighing more 
than 89 kg had a 7 times higher revision risk than pa- 
tients weighing 71 kg or less. Similarly, increasing 
height as a predictor of revision risk was found only 
in men above median weight and older than 67 years 
(n 132). 

Smoking and alcohol intake 
Overall, neither former nor current smokers ran an in- 
creased risk of revision compared to never-smokers. 
However, we found that the risk was 3 times higher in 
former heavy smokers, compared to never-smokers 
(Table 2). This finding was consistent among sub- 
groups defined by gender, age and use of cemented or 
uncemented prostheses. Further adjustment for alco- 
hol intake, occupation (physically heavyhot heavy), 
weight and height did not alter these results. 

The association of alcohol intake with revision risk 
was J-shaped (Table 2 ) ,  where the lowest risk was 
found among patients with a moderate alcohol intake 
and the highest risk among patients having a con- 
sumption of more than 4 units per week (OR = 1.6, 
CI: 1.0-2.7). Similar results were obtained with 
smoking and occupation included in the model. Al- 
though not statistically significant, we observed that, 
compared to nondrinkers, the revision risk due to 
dislocation was 2.7 (CI: 0.9-9) times higher among 
patients drinking less than 1 unit per week, 2.7 (CI: 
0 .612)  for 1-4 units and 4.1 (CI: 0.6-26) for a con- 
sumption of more than 4 units per week. 

Medication at follow-up 
63% of the patients were using some kind of medica- 
tion when completing the form. Patients using analge- 
sics, either alone or in combination with other medi- 
cation, had twice as high revision risk as patients not 
using medication. No overall association between use 
of medication and THR outcome was observed 
among patients not using analgesics (Table 3). How- 
ever, there was an association between a poor progno- 
sis and use of specific types of medication. Patients 
using anti-diabetic drugs, taking female sex hormones 
(estrogen, progestogen), systemic steroids, local pul- 
monary steroids or non-steroidal anti-inflammatory 
drugs (NSAIDs) had higher risks for reoperation than 
patients not on medication (Table 3). The poorer re- 
sults among patients using systemic steroids or local 
pulmonary steroids were primarily restricted to pa- 
tients operated on because of primary coxarthrosis. 
The increased risk associated with NSAID use was 
observed both among patients with primary coxar- 
throsis and those with rheumatoid arthritis. In consid- 
ering patients treated with anti-diabetic drugs, there 
was no difference in revision risk among patients on 
insulin (n 16) and those on oral medication (n 23). A 
more pronounced association between revision risk 
and anti-diabetic medication was found with infection 
as the cause of revision (n 65) (OR = 14, 95% CI: 
1.4-137). When the patient group receiving female 
sex hormones was restricted to medication preferably 
given to patients with osteoporosis or at high risk for 
osteoporosis (n 30), the revision risk estimate in- 
creased to 2.3 (95% CI: 1.0-5.6). 

Patients who had been treated with antibiotics for at 
least one month (not necessarily due to signs of infec- 
tion in the hip) (n 165), had a 3 times higher risk for 
reoperation than other patients had (Table 3). With in- 
fection as the cause of revision, we found a relative 
risk of 23 (95% CI: 7-74). 
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Table 3. Type of medication (or disease treated with medicine) as a risk predictor for reoperation 
after total hip replacement, Norway 1987-1993. Relative risks estimated as odds ratios (OR) in con- 
ditional logistic regression analyses 

Risk predictor 

Not combined Combined 
with analgesics with analgesics 

No medicine 
(n580) n ORa 95%CI n OR' 95%CI 

Medication at follow-up 
All types of medication 
Drugs for diabetes 
Drugs for cardiovascular disease 
Female sex hormones 
Thyroxins 
Systemic steroids 
Local pulmonary steroids 
NSAlDs 
Analgesics 
Psycholeptics, psychoanalept. 

1.0 697 1.2 
1 .o 42 1.9 
1.0 367 1.0 
I .o 49 1.8 
1 .o 51 0.9 
1.0 45 2.8 
1.0 22 6.0 
1.0 143 1.5 
I .o 
1 .o 99 0.9 

- -  

(0.9-1.5) 
(1.0-3.9) 

(0.4-1.8) 
(1 4-54) 

(0.7-1.3) 
(0.9-3.5) 

(2.1-1 7) 
(1 G2.3) - 
(0.5-1.4) 

No antibiotic 
(n 1,381) Antibiotic treatment 

Antibiotics after primary operation 1 .O 165 2.7 (1 9-3.9) 

202 1.7 (1.2-2.4) 
6 1.0 (0.2-5.8) 

118 1.3 (0.8-2.0) 
15 1.8 (0.6-5.4) 
8 2.5 (0.5-11) 

5 2.9 (0.5-17) 
19 1.3 (0.4-3.7) 

64 2.5 (1.4-4.5) 

70 2.8 (1 .649)  
298 1.8 (1.3-2.5) 

aAdjusted for gender, age, date of operation and bilaterality (matching factors) via the study design 
Medication when completing the questionnaire. 
Treatment lasting for at least 1 month. 

Function at the primary operation 
Just before the primary operation, 87% of the patients 
reported severe pain, 55% poor walking ability and 
67% said they could not take care of themselves and 
needed help. Need for assistance and the level of pain 
prior to the operation did not affect the outcome of 
surgery. An association between very limited walking 
ability immediately before the primary operation and 
an increased revision risk almost reached statistical 
significance (p = 0.06) (Table 4). 

Competitive sports and regular exercise 
Overall, previous participation in competitive sports 
(n 243) did not affect the outcome of the hip surgery, a 
result that was independent of years of activity. Male 

Table 4. Function of patient immediately before the primary 
operation as a risk predictor for reoperation after total hip re- 
placement, Norway 1987-1 993. Relative risks estimated as 
odds ratios (OR) in conditional logistic regression analyses 

Risk predictor n O R a  95%CI 

Needs help No 522 1.0 

Severe pain No 205 1.0 

Poor walking ability No 714 1.0 

Yes 1065 0.9 (0.7-1.1) 

Yes 1386 1.1 (0.8-1.6) 

Yes 862 1.2 (1.0-1.5) 

a Adjusted for gender, age, date of operation and bilaterality 
(matching factors) via the study design. 

patients of working age who exercised regularly be- 
fore the first symptoms from the hip, had 3 times as 
high a risk as male patients who did not. This finding 
was consistent through age groups among male pa- 
tients, but was not observed among female patients. 
In patients younger than 67 years at the primary oper- 
ation, regular exercise after the primary operation was 
associated with a good prognosis (Table 5). 

Occupation 
Patients of working age who were salaried or not sala- 
ried just before the primary operation had the same 
estimated risk for a later reoperation. Patients of 
working age who were salaried after the primary op- 
eration had 0.5 times the revision risk of those who 
were not (Table 5). This finding did not depend on 
employment status when operated on. 

30% of all male patients were or had been working 
in agriculture, in forestry or on ships at sea, and 41 % 
of these in combination with work in industry, con- 
struction or engineering. An additional 30% were oth- 
erwise employed in industry, construction or engi- 
neering. Although 77% of these patients regarded 
their occupation as physically heavy, compared to 
28% among male patients in other professions, we 
found no differences in revision risk among the vari- 
ous professions (p= 0.8). This result was upheld 
among patients younger than 67 years at the primary 
operation and among patients who were salaried or 
not salaried after the primary operation. 



212 Acra Ofthop Scand 1997; 68 (3): 207-215 

Table 5. Physical activity in relation to occupation and recre- 
ation as risk predictors for reoperation after total hip re- 
placement among patients of working age (< 67 years) at the 
primary operation, Norway 1987-1 993. Relative risks esti- 
mated as odds ratios (OR) in conditional logistic regression 
analyses 

Men Women 
Risk predictors n OR a OR OR 

Recreation 
Active in competitive sports before primary operation 

No 665 1.0 1 .o 1 .o 
Yes 142 1.3 1.1 1.8 

(0.9-2.1) (0.61.9) (0.9-3.5) 
Regular exercise before primary operation 

No 380 1.0 1 .o 1.0 
Yes 404 1.6 2.6 1.2 

(1.1-2.2) (1.4-4.7) (0.8-1.8) 
Regular exercise after primary operation 

No 366 1.0 1 .o 1 .o 
Yes 436 0.8 0.7 0.8 

(0.5-1 .O) (0.4-1.2) (0.5-1.2) 

Occupation 
Heavy work 

No 476 1.0 1 .o 1.0 
Yes 331 1.5 1 .I 1.9 

(1 .I-2.2) (0.7-2.0) (1.2-3.2) 
Salaried at primary operation 

No 511 1.0 1 .o 1 .o 
Yes 321 1.1 1.4 0.9 

(0.a-I 5) (0.8-2.3) (0.6-1.4) 
Salaried after primary operation 

No 491 1.0 1 .o 1 .o 
Yes 304 0.5 0.6 0.5 

(0.4-0.8) (0.3-1 .O) (0.34.9) 

a Adjusted for gender, date of operation and bilaterality 
(matching factors) via the study design. 
Adjusted for date of operation and bilaterality (matching 
factors) via the study design. 
Previous exposure or, when relevant, exposure at follow-up 

Among female patients, we found that 72% per- 
formed or had performed domestic work in their own 
homes, and that 49% of these also had another occu- 
pation. The lowest revision risk was found among 
women reporting domestic work as their only occupa- 
tion (n 219). On the other hand, we found a doubled 
revision risk among women with health-related work, 
or health-related work in addition to domestic work. 
In almost all types of occupations, a higher revision 
risk was observed in female patients who performed 
additional domestic work (Table 6). In total, the risk 
of revision was statistically significant higher among 
females of working age performing self-reported 
heavy work, compared to easier work (Table 5). Sim- 
ilar results were observed among female patients sala- 
ried and not salaried after the operation. 

To avoid potential confounding, additional analy- 
ses were performed using factors representing the 
type of cement, type of prosthesis and use of antibiot- 

Table 6. Type of occupation as a risk predictor for reopera- 
tion after total hip replacement among female patients, Nor- 
way 1987-1993. Relative risks estimated as odds ratios (OR) 
in conditional logistic regression analyses 

Risk predictors n %heavy OR 95%CI 
worka 

Occupation 
Domestic work 
Industry/engineering/ 

construction 
and domestic work 

Off ice/trade/hotel/service 
and domestic work 

Health-service work 
and domestic work 

Othersicombinations 
and domestic work 

Agriculture/forestry/at sea 
and domestic work 

Test for homogeneity 

219 24 1.0 

23 35 1.3 0.5-3.3 
22 41 2.0 0.7-5.7 

101 16 1.4 0.8-2.4 
126 23 1.4 0.8-2.2 
35 31 2.1 1.0-4.8 
49 53 2.5 1.2-5.1 
97 32 1.2 0.6-2.2 

191 53 1.5 0.9-2.3 

64 85 1.7 0.9-3.3 
p = 0.3 

a Percent with self-reported physically heavy work. 
Adjusted for age, date of operation and bilaterality 
(matching factors) via the study design. 
Previous exposure or, when relevant, exposure at follow-up 

ic prophylaxis included in the statistical models. 
However, only negligible differences were observed 
in revision risk estimates for the various patient-relat- 
ed factors. Results were also similar when unilaterally 
operated patients alone were included in the analyses. 

Discussion 
Few large-scale studies have focused on patient-relat- 
ed factors as predictors for reoperation after total hip 
replacement. In this population register-based case- 
control study, we have identified several patient-relat- 
ed factors as revision risk factors, while controlling 
for other relevant factors. 

Risk factors 
Our study indicated that increased weight was an im- 
portant risk factor among older male patients above 
median male height. Several other studies have also 
reported a positive correlation between overweight 
and revision risk after THR (Surin and Sundholm 
1983, Schurman et al. 1989, Hozack et al. 1990, 
Karachalios et al. 1993). The age dependency ob- 
served in our study was in accordance with a report by 
Schurman et al. (1989), where the highest risk of revi- 
sion was found among patients older than 75 years 
and weighing more than 75 kg. We found that the ef- 
fect of patient weight depended not only on age, but 
also on the patient’s height. This might explain why 
risk estimates among female patients were not affect- 
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ed by increased weight. Previous studies have shown 
that overweight is greatly overrepresented among pa- 
tients requiring common orthopedic surgical proce- 
dures (Bostman 1994), and further that overweight 
also predisposes to coxarthrosis (Rissanen et al. 1990, 
Vinglrd 1991, Heliovaara et al. 1993). 

Alcohol abuse, smoking and steroid use among 
other factors have been associated with an increased 
risk of osteonecrosis of the femoral head (Chang et al. 
1993, Hirota et al. 1993). In our study, these factors 
also affected the prognosis of the hip implant. Few 
patients had a high consumption of alcohol. An in- 
creased revision risk, however, was observed among 
patients drinking more than 4 units of alcohol per 
week. A higher risk of revision associated with alco- 
hol abuse has been reported among patients less than 
45 years old (Don et al. 1983). Irrespective of the 
amount of alcohol, our findings indicated an in- 
creased risk for revision due to dislocation among pa- 
tients drinking alcohol. A similar relationship be- 
tween alcohol and dislocation has been suggested by 
Hedlundh and Fredin (1995). We observed no overall 
association between smoking and revision risk, but 
former heavy smokers ran a significantly higher revi- 
sion risk than did the never-smokers. The increased 
risk was present also after adjustment for a number of 
potential confounders. It is plausible that this finding 
indicates an increased risk of revision for patients 
who have stopped smoking for medical reasons-for 
example, circulatory problems. Furthermore, we 
found that patients taking systemic steroids as well as 
those treated locally with pulmonary steroids, ran a 
higher risk of reoperation than those without such 
medication. The increased risk was primarily found 
among patients operated on because of primary cox- 
arthrosis. The effects of various risk factors, and rned- 
ication in particular, may differ among the various 
primary diagnoses. Investigation of such effects, 
however, was difficult as 67% of the patients were 
operated on because of primary coxarthrosis and oth- 
er diagnoses were reported in small numbers only. 

In general, type of medication could not be estab- 
lished as a risk factor, since the treated disease itself 
might just as well represent the increased revision 
risk. However, in addition to steroid use, we observed 
an increased revision risk among patients using vari- 
ous kinds of medication. In accord with other studies 
(Vannini et al. 1984, Wymenga et al. 1992), we found 
that patients taking anti-diabetic drugs ran a consider- 
ably higher risk of being reoperated because of an in- 
fection than those not using medication. There was no 
difference, however, in the risk of revision between 
patients treated with insulin and those treated with 
oral medication. We also found inferior results among 

patients taking female sex hormones (estrogen, 
progestogen) and even worse results among those 
treated with female sex hormones given to patients 
with osteoporosis or at high risk of osteoporosis. This 
finding indicated a substantial osteoporosis-related 
revision risk. Non-steroidal anti-inflammatory drugs 
(NSAIDs) have been said to inhibit bone-repair 
(Keller et al. 1987, Ahrengart et al. 1988, McLaren 
1990, Hogevold et al. 1992). We found an increased 
revision risk associated with use of NSAID among 
patients operated on because of primary coxarthrosis 
and rheumatoid arthritis. However, these patients 
might have received NSAID as an analgesic. In that 
case, NSAID medication could not be regarded as a 
risk factor, but rather as an indication of a poorly 
functioning implant. Patients using analgesics were 
otherwise treated separately in analyses investigating 
medication and revision risk. 

Many recent studies have reported an association 
between occupation and coxarthrosis (Vingiird et al. 
1991a,b, Axmacher and Lindberg 1993, Roach et al. 
1994) and between sports and coxarthrosis (Lindberg 
et al. 1993, Vingbd et al. 1993). A higher revision risk 
has also been reported in patients returning to hard 
manual work or athletic activities after hip arthroplas- 
ty (White 1988, Kilgus et al. 1991), whereas other 
studies have shown no consistent difference in revi- 
sion rates among patients who were or were not active 
(Ritter and Meding 1987). The present recommenda- 
tion concerning sports encourages participation in 
low-impact sports only (McGrory et al. 1995). In ac- 
cordance with a report by Dubs et al. (1983), we 
found a lower revision risk among patients of work- 
ing age returning to work after the operation and 
among working age patients who exercised regularly 
after the operation. However, this result may be a con- 
sequence of the short follow-up after the primary op- 
eration. The effect of a longer exposure to physically 
demanding activities after the operation could not be 
evaluated in this material. 

In our study, it was only among female patients that 
we found a difference in revision risk depending on 
occupation. Women of working age with self-report- 
ed physically hard work had, on average, a higher re- 
vision risk than women with self-reported sedentary 
work. As this finding did not occur among men, one 
might speculate that women in professions with a 
heavy work-load undergo too much physical strain, 
especially with additional domestic work. The highest 
risk for reoperation was observed among women in 
health-related professions. 

Preoperative levels of pain and ability to look after 
one self did not relate to THR outcome, as also report- 
ed by Schurman et al. ( 1  989). 
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Potential limitations commonly associated with 
case-control studies are selection bias and recall bias. 
Since both revised hips and controls came from the 
same well-defined population, selection bias was not 
an important issue in our study. Only very serious un- 
der-reporting to the register for specific patient 
groups, might introduce excessive selection bias. 
This, however, is not likely for patient-related risk 
factors. Furthermore, the Norwegian Arthroplasty 
Register comprises nearly all THRs performed in 
Norway (Havelin et al. 1993). Nevertheless, there is a 
risk that outcome knowledge will influence exposure 
classification. Although we were unable to rule out 
this possibility of recall bias, its probable trend was 
difficult to ascertain. Either an inflation or a deflation 
of any true association between patient-related factors 
and revision risk is possible. 

We were concerned that some patients might have 
found it impossible to give retrospective information 
regarding specific questions. In order to facilitate 
completion of the form, we asked for current and not 
retrospective information on patient weight, medica- 
tion and alcohol and tobacco consumption. All analy- 
ses involving these factors were thus based on an as- 
sumption of stability in exposure status. A study by 
Woolf et al. (1994) found no trend towards weight 
loss after total hip replacement. However, one cannot 
assume that the same medication was used after the 
primary operation. Regarding alterations in alcohol 
and tobacco consumption, we believe that only a few 
patients would dramatically alter their smoking and 
drinking habits during this rather brief period, partic- 
ularly since the study population mainly consisted of 
older patients. 

Acknowledgements 
This study was supported by grants from the Norwegian Re- 
search Council and the Norwegian Medical Association’s 
Fund for Quality Improvement. 

References 
Ahnfelt L, Herberts P, Malchau H, Anderson G B J. Progno- 

sis of total hip replacement. A Swedish multicenter study 
of 4,664 revisions. Acta Orthop Scand (Suppl238) 1990; 
61: 1-26. 

Ahrengart L, Lindgren U, Reinholt F P. Comparative study 
of the effects of radiation, indomethacin, prednisolone, 
and ethane-1-hydroxy-1, 1-diphosphonate (EHDP) in the 
prevention of ectopic bone formation. Clin Orthop 1988; 
229: 265-73. 

Axmacher B, Lindberg H. Coxarthrosis in farmers. Clin 
Orthop 1993; 287: 82-6. 

Brandt K D. Should nonsteroidal anti-inflammatory drugs 
he used to treat osteoarthritis? Rheum Dis Clin Orthop 
1993; 19: 29-44. 

Bostman 0 M. Prevalence of obesity among patients admit- 
ted for elective orthopaedic surgery. Int J Ohes Relat 
MetahDisord 1994; 18: 709-13. 

Chang C C, Greenspan A, Gershwin M E. Osteonecrosis: 
current perspectives on pathogenesis and treatment. Sem- 
in Arthritis Rheum 1993; 23: 47-69. 

Charnley J. The long-term results of low-friction arthroplas- 
ty of the hip performed as a primary intervention. J Bone 
Joint Surg (Br) 1972; 54: 61-76. 

Dorr L D, Takei G K, Conaty J P. Total hip arthroplasties in 
patients less than forty-five years old. J Bone Joint Surg 
(Am) 1983; 65: 474-9. 

Dubs L, Gschwend N, Munzinger U. Sport after total hip ar- 
troplasty.Arch OrthopTraumaSurg 1983; 101: 161-9. 

Espehaug B, Havelin L I, Engesaeter L B, Vollset S E, 
Langeland N. Early revision among 12,179 hip prosthe- 
ses. A comparison of 10 different brands reported to the 
Norwegian Arthroplasty Register, 1987-1993. Acta Or- 

Espehaug B, Engesaeter L B, Vollset S E, Havelin L I, 
Langeland N. Antibiotic prophylaxis in total hip arthro- 
plasty. A review of 10,905 primary cemented total hip re- 
placements reported to the Norwegian Arthroplasty Reg- 
ister, 1987-1995. J Bone Joint Surg (Br). In press. 

Havelin LI ,  Espehaug B, Vollset S E, Engesaeter L B. Lange- 
land N. The Norwegian Arthroplasty Register. A survey of 
17,444 hip replacements 1987-1990. Actd Orthop Scand 

Havelin L I, Espehaug B, Vollset S E, Engesaeter L B. Early 
failures among 14,009 cemented and 1,326 uncemented 
prostheses for primary coxarthrosis. The Norwegian Ar- 
throplasty Register, 1987-1992. Acta Orthop Scand 1994; 
65: 1-6. 

Havelin L I, Espehaug B, Vollset S E, Engesaeter L B. The 
effect of the type of cement on early revision of Charnley 
total hip prostheses. A review of eight thousand Five hun- 
dred and seventy-nine primary arthroplasties from the 
Norwegian arthroplasty register. J Bone Joint Surg (Am) 
1995a; 77: 1543-50. 

Havelin L I, Espehaug B, Vollset S. E, Engesaeter L B. Early 
aseptic loosening of uncemented femoral components in 
primary total hip replacement. A review based on the Nor- 
wegian Arthroplasty Register. J Bone Joint Surg (Br) 

Havelin L I, Vollset S E, Engesaeter L B. Revision for aseptic 
loosening of uncemented cups in 4,352 primary total hip 
prostheses. A report from the Norwegian Arthroplasty 
Register. Acta Orthop Scand 199%; 66: 494-500. 

Hedlundh U, Fredin H. Patient characteristics in dislocations 
after primary total hip arthroplasty. 60 patients compared 
with a control group. Acta Orthop Scand 1995; 66: 225-8. 

Heliovaara M, MAela M, Impivaara 0, Knekt P, Aromaa A, 
Sievers K. Association of overweight, trauma and work- 
load with coxarthrosis. A health survey of 7,217 persons. 
Acta Orthop Scand 1993; 64: 513-8. 

Hirota Y, Hirohata T, Fukuda K, Mori M, Yanagawa H, 
Ohno Y, Sugioka Y. Association of alcohol intake, ciga- 
rette smoking, and occupational status with the risk of id- 
iopathic osteonecrosis of the femoral head. Am J Epide- 
miol 1993: 137: 530-8. 

thop Scmd 1995; 66  487-93. 

1993; 64: 245-51. 

1995h; 77: 11-7. 



Acta Orthop Scand 1997; 68 (3): 207-21 5 21 5 

Hflgevold H E, Grflgaard B, Reikeris 0. Effects of short- 
term treatment with corticosteroids and indomethacin on 
bone healing. A mechanical study of osteotomies in rats. 
Acta Orthop Scand 1992; 63: 607-11. 

Hozack W J, Rothman R H, Booth R E, Balderston R A, 
Cohn J C, Pickens G T. Survivorship analysis of 1,041 
Charnley total hip arthroplasties. J Arthroplasty 1990; 5: 
41-7. 

Karachalios T, Hartofilakidis G ,  Zacharakis N, Tsekoura M. 
A 12- to 18-year radiographic follow-up study of Charn- 
ley low-friction arthroplasty. The role of the center of ro- 
tation. Clin Orthop 1993; 296: 140-7. 

Kelier J, Biinger C, Andreassen T T, Bak B, Lucht U. Bone 
repair inhibited by indomethacin. Effects on bone metab- 
olism and strength of rabbit osteotomies. Acta Orthop 

Kilgus D J, Dorey F J, Finerman G A M, Amstutz H C. Pa- 
tient activity, sports participation, and impact loading on 
the durability of cemented total hip replacements. Clin 

Le C T, Lindgren B J. Computational implementation of the 
conditional logistic regression model in the analysis of 
epidemiologic matched studies. Comput Biomed Res 

Lindberg H, Roos H, Gardsell P. Prevalence of coxarthrosis 
in former soccer players. 286 players compared with 
matched controls. Acta Orthop Scand 1993; 64: 165-7. 

Malchau H, Herberts P, Ahnfelt L. Prognosis of total hip re- 
placement in Sweden. Follow-up of 92,675 operations 
performed 1978-1990. Acta Orthop Scand 1993; 64: 497- 
506. 

McGrory B J, Stuart M J,  Sim F H. Participation in sports 
after hip and knee arthroplasty: review of literature and 
survey of surgeon preferences. Mayo Clin Proc 1995; 70: 
342-8. 

McLaren A C. Prophylaxis with indomethacin for hetero- 
topic bone. After open reduction of fractures of the ace- 
tabulum. J Bone Joint Surg (Am) 1990; 72: 245-7. 

Merle D’AubignB R, Postel M. Functional results of hip ar- 
throplasty with acrylic prosthesis. J Bone Joint Surg (Am) 
1954: 36: 451-75. 

Murray D W, Carr A J, Bulstrode C J. Which primary total 
hip replacement? J Bone Joint Surg (Br) 1995; 77: 520-7. 

NIH Consensus Development Panel on Total Hip Replace- 
ment. Total hip replacement. JAMA 1995; 273: 1950-6. 

Rissanen A, Heliovaara M, Knekt P, Reunanen A, Aromaa A, 
Maatela J. Risk of disability and mortality due to over- 
weight in a Finnish population. BMJ 1990; 301: 835-7. 

Scand 1987; 58: 379-83. 

Orthop 1991; 269: 25-31. 

1988; 21: 48-52. 

Ritter M A ,  Meding J B. Total hip arthroplasty. Can the pa- 
tient play sports again? Orthopedics 1987; 10: 1447-52. 

Roach K E, Persky V, Miles T, Budiman-Mak E. Biome- 
chanical aspects of occupation and osteoarthritis of the 
hip: a case-control study. J Rheumatol 1994; 21: 2334-40. 

Schurman D J, Bloch D A, Segal M R, Tanner C M. Con- 
ventional cemented total hip arthroplasty. Assessment of 
clinical factors associated with revision for mechanical 
failure. Clin Orthop 1989; 240: 173-80. 

SPSS Inc. SPSS Advanced statistics. SPSS Inc., Chicago 
1993. 

Surin V V, Sundholm K. Survival of patients and prostheses 
after total hip arthroplasty. Clin Orthop 1983; 177: 148- 
53. 

Vannini P, Ciavarella A, Olmi R, Flammini M, Moroni A, 
Galuppi V, Giunti A. Diabetes as pro-infective risk factor 
in total hip replacement. Acta Diabetol Lat 1984; 21: 275- 
80. 

Ving&d E. Overweight predisposes to coxarthrosis. Body- 
mass index studied in 239 males with hip arthroplasty. 
Acta Orthop Scand 1991; 62: 106-9. 

Vingkd E, Hogstedt C, Alfredsson L, Fellenius E, Goldie I, 
Koster M. Coxarthrosis and physical work load. Scand J 
Work Environ Health 1991a; 17: 104-9. 

VingArd E, Alfredsson L, Goldie I, Hogstedt C. Occupation 
and osteoarthrosis of the hip and knee: a register-based 
cohort study. Int J Epidemiol 1991b; 20: 1025-31. 

VingArd E, Alfredsson L, Goldie I, Hogstedt C. Sports and 
osteoarthrosis of the hip. An epidemiologic study. Am J 
Sports Med 1993; 21: 195-200. 

Wacholder S, Silverman D T, McLaughlin J K, Mandel J S. 
Selection of controls in case-control studies. 111. Design 
options. Am J Epidemiol 1992; 135: 1042-50. 

Walker A M. Efficient assessment of confounder effects in 
matched follow-up studies. Appl Statist 1982; 31: 293-7. 

White S H. The fate of cemented total hip arthroplasty in 
young patients. Clin Orthop 1988; 231: 29-34. 

Woolf V J, Chamley G .I, Goodard N J. Weight changes after 
total hip arthroplasty. J Arthroplasty 1994; 9: 389-91. 

Wymenga A B, van Horn J R, Theeuwes A, Muytjens H L, 
Sloof T J J H. Perioperative factors associated with septic 
arthritis after arthroplasty. Prospective multicenter study 
of 362 knee and 2651 hip operations. Acta Orthop Scand 
1992; 63: 665-71. 




