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High body mass index is associated with increased 
risk of implant dislocation following primary total hip 
replacement
2,106 patients followed for up to 8 years
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Background and purpose   Implant dislocation is one 
of the commonest complications following primary total 
hip replacement (THR). We investigated the effect of 
body mass index (BMI) and tobacco use on the risk of 
this complication. 

Subjects and methods   Through linkage between the 
Swedish Construction Workers’ cohort and the Swedish 
Inpatient Register, 2,106 male patients who had under-
gone primary THR between 1997 and 2004 were identi-
fied. We used Cox multivariable regression analysis to 
study the association between BMI and tobacco use and 
the risk of implant dislocation. 

Results   53 patients (2.5%) developed implant dis-
location during a mean of 2 (0–3) years of follow-up. 
We found overweight and obesity to be associated with 
increased risk of implant dislocation (HR = 2.5, 95% CI: 
1.1–5.5 and HR = 3.7, 95% CI: 1.5–9.3, respectively as 
compared to those of normal weight). There was no sta-
tistically significant association between tobacco use and 
the risk of dislocation. 

Interpretation   Greater attention should be given to 
high BMI as a risk factor for implant dislocation follow-
ing THR. 

■

Implant dislocation is one of the commonest com-
plications after total hip replacement (THR), and 

occurs in 1–4% of patients (Lindberg et al. 1982, 
McCollum et al. 1990, Hedlundh et al. 1992). 
Between 1979 and 2005, implant dislocation was 
the second most common cause of reoperations reg-
istered in the Swedish National Hip Arthroplasty 
Register and accounted for 11% of all the docu-
mented reoperations (Herberts et al. 2005). Simi-
lar results have been reported by the Norwegian 
Arthroplasty Register (Havelin et al. 2000).

In addition to inconvenience for the patient, 
implant dislocation is associated with increased 
hospital costs. Sanchez-Sotelo et al. (2006) recently 
reported that each episode of closed reduction fol-
lowing implant dislocation represents 19% of the 
hospital cost of an uncomplicated THR.

Many factors have been suggested to be asso-
ciated with implant dislocation following THR 
(Morrey 1997). These can be divided into disease-
related and patient-related factors (e.g. develop-
mental dysplasia of the hip, high age, and alcohol 
abuse), factors associated with surgical technique 
and design (e.g. posterior approach and exces-
sively retroverted/antroverted cup orientation) and 
post-surgical factors (e.g. extreme positions of the 
limb such as excessive flexion or rotation). 

Two lifestyle factors that could affect the out-
come after THR are high body mass index (BMI) 
and tobacco use. Both of these risk factors have 
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been reported to increase the risk of short-term 
complications such as wound infections and pul-
monary events following THR (Moller et al. 2003, 
Sadr Azodi et al. 2006). Previous studies have 
not found any significant association between 
high BMI and the risk of implant dislocation in 
patients undergoing primary THR (Woolson and 
Rahimtoola 1999, Khatod et al. 2006, McLaugh-
lin and Lee 2006). However, these studies involved 
between 1 and 28 events of implant dislocation, 
which could have resulted in insufficient statistical 
power to study the association between high BMI 
and the risk of implant dislocation.

To our knowledge, there have been no previ-
ous studies investigating the possible association 
between tobacco use and the risk of implant dislo-
cation following THR. Smoking is associated with 
reduced bone mineral density (Szulc et al. 2002) 
and impeded bone healing following various types 
of fractures (W-Dahl and Toksvig-Larsen 2004, 
Castillo et al. 2005, Little et al. 2006). Thus, smok-
ing could also have an effect on the risk of implant 
dislocation.

We used a large, nationwide occupational cohort 
with prospectively collected information on expo-
sure to investigate the effect of BMI and tobacco 
use on the risk of implant dislocation following 
primary THR. 

Subjects and methods

The Swedish Construction Workers cohort

The Swedish Construction Industry’s Organisation 
for Working Environment Safety and Health (Byg-
ghälsan), established in 1968, provided outpatient 
medical services to construction workers all over 
Sweden from 1969 through 1992 (Engholm et al. 
1987). The main activity was preventable heath 
check-ups, offered to all blue- and white-collar 
workers in the building industry through regular 
personal invitation and through visits to—or adver-
tisements at—virtually all major building sites. The 
resulting cohort consisted of 386,000 construction 
workers and most of them were men (95%).

Assessment of exposure

On average, every person underwent 3 (1–9) health 
check-ups, 2–3 years apart. Information on expo-

sure was collected by means of an extensive self-
administered questionnaire before each visit to the 
clinic. Among other things, this questionnaire cov-
ered detailed smoking history and anthropometric 
measures. To avoid misunderstandings or incon-
sistencies, the answers were double-checked by a 
nurse at the time of the visit. The quality of the 
smoking data has been reviewed previously (Nyrén 
et al. 1996). Briefly, in that study missing data on 
duration of smoking was noted in 1.3% of current 
smokers and 1.4% of previous smokers. Perfect 
concordance between reports on smoking status 
2–3 years apart was found in 89% of cases.  Incon-
sistencies (e.g. subjects who indicated that they 
were current or ex-smokers in the first question-
naire and then asserted that they had never smoked 
in the second questionnaire) were found in 2.6% 
of cases. 

The Swedish Inpatient Register

National healthcare in Sweden is based on admin-
istratively independent county councils and is 
funded mainly by local taxes. The private sector 
is small and provides mainly elective care. Estab-
lished in 1964, the National Board of Health and 
Welfare has collected data on individual hospital 
discharges in the Inpatient Register (Hansson et 
al. 1996). Besides the national registration number 
(NRN) (uniquely identifying each resident in 
Sweden), each record could contain as many as 8 
discharge diagnoses, coded according to the current 
International Classification of Diseases (ICD). Fur-
thermore, each record lists up to 12 surgical codes 
assigned according to the Swedish Classification 
of Operations and Major Procedures. Patients are 
identified through their NRN, which are included 
in each record. The register has been evaluated for 
validity and completeness, and the codes for the 
main diagnoses were correct at the 3-digit level for 
92–94% of the records on surgical patients (Naes-
sen et al. 1989, Nilsson et al. 1994). For surgical 
procedures (excluding endoscopies and biopsies), 
the codes were incorrect in 2% of the records and 
they were missing in 5.3% (Nilsson et al. 1994).

Cohort identification

We used the Swedish NRN for linkage to the Swed-
ish Inpatient Register, to identify all construction 
workers who were discharged from hospital with 
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a procedure code of total hip replacement between 
1997 and 2004. We included construction workers 
who had undergone unilateral THR due to primary 
osteoarthritis of the hip. Most of this cohort con-
sisted of male patients (94%); thus, we restricted 
our material to male subjects. To reduce possible 
confounding, we excluded patients who had under-
gone previous THR; who had diagnosis codes for 
rheumatic diseases, secondary osteoarthritis, or 
lower extremity fractures; all cases of previous 
orthopedic surgical procedures from the lower back 
to the ankle joint; and individuals with erroneous 
personal identification numbers. Furthermore, we 
excluded individuals who were ever discharged 
from hospital with diagnosis codes indicating alco-
hol or drug abuse. The final cohort consisted of 
2,106 subjects. 

Follow-up

The outcome of interest was the first-time event 
of implant dislocation corrected by a non-surgical 
repositioning. Study subjects were also followed 
until the end of follow-up, emigration, or death—
as provided through linkage with the Swedish Emi-
gration Register and the Cause of Death Register 
(Lagerlund et al. 2005)—whichever occurred first. 
Furthermore, patients were censored at the time of 
admission to hospital if they underwent reoperation 
due to prosthesis-related complications. The infor-
mation about which hip (right or left) that had 
undergone THR was missing for the majority of 
the subjects (91%). Therefore, we also chose to 
censor patients at the time of a new THR or other 
hip prosthesis surgery. The cohort was followed for 
a maximum of 8 years, up to the end of 2004.

This study was approved by the ethical board 
review committee of Umeå University (§235/03, 
dnr 03-191). 

Statistics

The BMI of the patients was categorized into 3 
groups according to the World Health Organisa-
tion (WHO) criteria: normal weight (18.5–24.9 kg/
m2), overweight (25–29.9 kg/m2), and obese (30+ 
kg/m2). When assessing the amount of tobacco 
smoked on a daily basis, cigarettes were assumed 
to contain 1 g of tobacco, and cigars 6 g. Pipe 
smokers reported the amount of tobacco (in grams) 
consumed each week. Pack years was defined as 

the total amount of tobacco smoked every day mul-
tiplied by the length of time the patient had been 
smoking, and divided by 20. Pack years were then 
divided into 3 categories (never-smokers, 0–19.9 
pack years, 20+). The overall smoking status was 
categorized as never-smoker, previous smoker, and 
current smoker.

The Kaplan-Meier method was used to estimate 
the crude cause-specific survival distribution of 
time from surgery to the event of implant dislo-
cation, and both log-rank and Wilcoxon test were 
used to preliminarily study the effect of BMI and 
smoking on the risk of implant dislocation. Cox 
proportional hazards regression model was used 
to test the null hypothesis of no effect of BMI 
and smoking status, while taking into account the 
simultaneous and independent effects of age at the 
time of surgery, calendar period, and fixation prin-
ciple (use of cement or not). Parameter estimates 
and 95% confidence intervals (CIs) were obtained 
by maximizing the partial log-likelihood. We 
divided the follow-up period into 2 parts: 0–3 years 
and 3–8 years. All 2,106 patients were available for 
the first study period, which started at the day of 
admission to the hospital in order to undergo THR 
and continued until implant dislocation or censor-
ing had occurred, or up to 3 years after surgery. 
897 patients who did not develop implant dis-
location or were not censored, were included in 
the second follow-up period, which lasted up to 
the end of the follow-up period. There were only 
2 cases of implant dislocation during the second 
follow-up period. Thus, bivariable and multivari-
able Cox analyses could only be performed for the 
first follow-up period. 

When using log(-log(estimated survival 
function)) and more advanced statistical tech-
niques (Lin et al. 1990) we did not find any evi-
dence of interaction between patient-related 
risk factors and the time to implant dislocation 
for the first follow-up period. The procedure 
was based on the “st” commands in STATA 9.2 
(Stata Statistical Software, College Station, TX).

Results 

Baseline characteristics of the study cohort are 
shown in Table 1. 53 patients (2.5%) developed 
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implant dislocation. In the obese group, 4% of 
patients developed implant dislocation as compared 
to 1.2% of those of normal weight. In the heaviest 
tobacco smoking group 3.3% of the patients devel-
oped implant dislocation, whereas 2.4% of never-
smokers had implant dislocation (Figure).

Age-adjusted hazard ratios for implant dislo-
cation occurring from 0 to 3 years after primary 
THR were computed for BMI and tobacco-related 
variables (Table 2). When adjusted for age at 
time of surgery, overweight and obese patients 
had increased risk (HR = 2.4, 95% CI: 1.1–5.2 
and HR = 3.6, 95% CI: 1.4–8.9, respectively) of 
implant dislocation compared to those of normal 
weight. 

When adjusted for age, calendar period, smok-
ing status, and fixation principle, overweight and 
obesity remained to be significantly associated 
with an increased risk of implant dislocation com-
pared to those of normal weight (HR = 2.5, 95% 
CI: 1.1–5.5; HR = 3.7, 95% CI: 1.5–9.3, respec-
tively) (Table 3). In the same model, obese patients 
had 65% increased risk of dislocation (HR = 1.7, 
95% CI: 0.84–3.2) compared to the overweight 
patients. However, this association was not statisti-
cally significant (p = 0.1). There was no significant 
association between overall smoking status or pack 
years of smoking and the risk of implant disloca-
tion up to 3 years after the primary THR. 

Table 1. Characteristics of 2,106 patients who underwent total hip replacement. Distribution of variables by survival 
status as of December 31, 2004 

 All subjects Implant Reoperation Hip fracture  Death or Still at
 in the cohort  dislocation  or THR in the emigration  risk
     contralateral hip    

No. (% a) in the cohort 2,106 (100) 53 (2.5) 39 (1.8) 294 (14) 120 (5.7) 1,600 (76)
Body mass index category 
 18.5–24.9     681 (100)   8 (1.2) 10 (1.5)   91 (13)   35 (5.1)    537 (79)
 25–29.9  1,132 (100) 32 (2.8) 20 (1.8) 159 (14)   71 (6.3)    850 (75)
 30+ b    272 (100) 11 (4.0)   9 (2.9)   43 (16)   14 (5.2)    196 (72)
 Missing data      21 (100)   2 (10)   1 (5)     1 (5)     0 (0.0)      17 (81)
Age category
 30–54    239 (100)   3 (1.3)   4 (1.7)   36 (15)     4 (1.7)    192 (80)
 55–59    324 (100)   9 (2.8)   6 (1.9)   61 (19) ´   5 (1.5)    243 (75)
 60–64     387 (100) 10 (2.6)   7 (1.8)   52 (13)     9 (2.3)    309 (80)
 65–69    391 (100)   9 (2.3)   5 (1.3)   49 (13)   21 (5.4)    307 (79)
 70–74    370 (100)   9 (2.2)   7 (1.9)   50 (14)   26 (7.0)    279 (75)
 75–79    244 (100)   7 (2.9)   6 (2.5)   30 (12)   25 (10)    176 (72)
 80+    151 (100)   7 (4.6)   4 (2.7)   16 (11)   30 (20)      94 (62)
Calendar period
 1997–1999    659 (100) 20 (3.0) 18 (2.7) 125 (19)   73 (11)    423 (64)
 2000–2004 1,447 (100) 33 (2.3) 21 (1.5) 169 (12)   47 ( 3.2) 1,177 (81)
Overall tobacco 
   smoking status
 Never- smokers    833 (100) 20 (2.4) 13 (1.5) 124 (15)   34 (4.1)    642 (77)
 Previous smokers    567 (100)   9 (1.6) 17 (3.0)   69 (12)   39 (6.9)    433 (77)
 Current smokers    706 (100) 24 (3.4)   9 (1.3) 101 (14)   47 (6.6)    525 (74)
Pack years of tobacco use
 Never-smokers    833 (100) 20 (2.4) 13 (1.5) 124 (15)   34 (4.1)   642 (77)
 0–19.9    887 (100) 23 (2.6) 16 (1.8) 122 (14)   49 (5.5)   677 (76)
 20+ c    303 (100) 10 (3.3) 10 (3.3)   40 (13)   31 (10)   212 (70)
 Missing data      83 (100)   0 (0.0)   0 (0.0)     8 (10)     6 (7.2)     69 (83)
Fixation principle
 Non-cemented or hybrid    310 (100)   5 (1.6)    4 (1.3)   29 (9.3)     4 (1.3)    268 (87)
 Cemented 1,796 (100) 48 (2.7) 35 (1.9) 265 (15) 116 (6.5) 1,332 (74)

a All percentages are row percentages.
b Maximum BMI was 42.
c Maximum pack years of tobacco smoking was 61.5.
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Discussion

We found that high BMI was significantly asso-
ciated with an increased risk of implant disloca-
tion following primary THR. In a recently pub-
lished study on patients undergoing hip revision 
arthroplasty, the risk of implant dislocation was 6 
times higher in obese patients than in non-obese 
patients (Kim et al. 2006). These two results sup-

port the hypothesis that high BMI is an important 
risk factor for implant dislocation. 

The increased risk of implant dislocation in 
overweight and obese patients may reflect a more 
complicated surgical procedure, where an exces-

Time to an event of implant dislocation from 0 to 3 years after primary THR, by BMI and smoking status.
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Table 2. Hazard ratios for implant dislocation from 0 to 
3 years following primary THR, adjusted for age at time 
of surgery

 Hazard ratio 95 %CI  P-value

Body mass index category
 <18.5–24.9 1 Ref Ref
 25–29.9 2.4 1.1–5.2 0.03
 30+ 3.6 1.4–8.9 0.006
Tobacco smoking status
 Never-smokers 1 Ref Ref
 Previous smokers 0.72 0.32–1.6 0.4
 Current smokers 1.7 0.89–3.1 0.1
Pack years of tobacco use 
 Never-smokers 1 Ref Ref
 0–19.9 1.2 0.66–2.3 0.5
 20+ 1.5 0.68–3.2 0.3

Table 3. BMI, smoking status and the risk of implant dis-
location from 0 to 3 years following primary THR. Multi-
variable proportional hazards model

 Hazard ratio 95 %CI  P-value

Body mass index category a

 <18.5–24.9 1 Ref Ref
 25–29.9 2.5 1.1–5.5 0.02
 30+ 3.7 1.5–9.3 0.005
Tobacco smoking status b

 Never-smokers 1 Ref Ref
 Previous smokers 0.70 0.31–1.6 0.4
 Current smokers 1.69 0.90–3.2 0.1
Pack years of tobacco use b

 Never-smokers 1 Ref Ref
 0–19.9 1.22 0.65–2.3 0.5
 20+ 1.44 0.66–3.2 0.4

a The final model for BMI was adjusted for age, calendar 
   period, smoking status, and fixation principle.
b Each tobacco-related exposure variable was fitted 
   separately. All final models were adjusted for age, 
   calendar period, BMI, and fixation principle.
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sive mass of adipose and muscle tissues in the hip 
region can make the surgical procedure more dif-
ficult and result in suboptimal orientation of the 
prosthetic components. In addition, the greater 
load on the hip prosthesis due to high BMI may 
increase the risk of implant dislocation. 

Our study has some limitations. We did not have 
any information on the level of physical activ-
ity. High physical activity is a factor that could 
increase the risk of implant dislocation. In turn, 
high physical activity is inversely associated with 
being overweight (Borodulin et al. 2007). Thus, if 
there is confounding by such a risk factor, it would 
bias our results towards null. Furthermore, assess-
ment of the history of alcohol abuse by reviewing 
the Swedish Inpatient Register did not provide us 
with any information on patients treated on an out-
patient basis. Therefore, there might be some resid-
ual confounding by alcohol abuse in our analyses. 
On the other hand, alcohol abuse is a contraindica-
tion for planned total hip replacement. We believe 
that such residual confounding, although possible, 
would be quite small.

Using the Swedish Inpatient Register, we were 
unable to study the possible effect-modifying 
impact of different prosthesis-related or surgically-
related factors such as cup size or surgical incision 
on the risk of implant dislocation. Furthermore, the 
effect of weight change since entry to the Construc-
tion Workers’ Cohort and throughout the follow-up 
period could not be evaluated either. Consequently, 
we could not evaluate the possible misclassifica-
tion introduced by this issue. However, previous 
studies have shown that obese patients do not gen-
erally lose weight following THR (Jain et al. 2003, 
Donavan et al. 2006). Therefore, we do not believe 
that such possible misclassification would influ-
ence our results in any appreciable way. 

Almost 60% of patients who undergo primary 
THR are women (Herberts et al. 2005). Differences 
in risk behavior may differ between the sexes, and 
we have only studied male patients. However, it is 
unlikely that high BMI or tobacco smoking would 
affect the risk of implant dislocation differently in 
female patients. 

To our knowledge, our study is the largest of its 
kind to investigate the effect of BMI on the risk of 
implant dislocation. The exposure data were col-
lected prospectively, which reduced the possibility 

of information bias. We were also able to eliminate 
the possible confounding effect of different preop-
erative diagnoses such as rheumatoid arthritis or 
hip fractures by excluding these factors from the 
study material. 

In conclusion, high BMI is an important risk 
factor for implant dislocation after primary THR. 
The mechanism by which high BMI increases the 
risk of implact dislocation warrants further stud-
ies.
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