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Abstract

Background: Hip arthroplasties is one of the most frequent surgical procedures in Spain and are conducted
mainly in elderly subjects. We aim to analyze changes in incidence, co-morbidity profile, length of hospital stay
(LOHS), costs and in-hospital mortality (IHM) of patients undergoing primary total hip arthroplasty (THA) over an
8-year study period in Spain.

Methods: We selected all surgical admissions in individuals aged ≥40 years who had received a primary THA
(ICD-9-CM procedure code 81.51) between 2001 and 2008 from the National Hospital Discharge Database.
Age- and sex-specific incidence rates, LOHS, costs and IHM were estimated for each year. Co-morbidity was
assessed using the Charlson comorbidity index.
Multivariate analysis of time trends was conducted using Poisson regression. Logistic regression models were
conducted to analyze IHM.

Results: We identified a total of 161,791 discharges of patients having undergone THA from 2001 to 2008. Overall
crude incidence had increased from 99 to 105 THA per 100.000 inhabitants from 2001 to 2008 (p < 0.001). In 2001,
81% of patients had a Charlson Index of 0, 18.4% of 1-2, and 0.6% > 2 and in 2008, the prevalence of 1-2 or
>2 had increased to 20.4% and 1.1% respectively (p < 0.001). The mean LOHS was 13 days in 2001 and decreased
to 10.45 days in 2008 (p < 0.001). During the period studied, the mean cost per patient increased from 6,634 to
9,474 Euros. Multivariate analysis shows that from 2001 to 2008 the incidence of THA hospitalizations has
significantly increased for both sexes and only men showed a significant reduction in IHM after THA.

Conclusions: The current study provides clear and valid data indicating increased incidence of primary THA in
Spain from 2001 to 2008 with concomitant reductions in LOHS, slight reduction IHM, but a significant increase in
cost per patient. The health profile of the patient undergoing a THA seems to be worsening in Spain.

Background
Multiple studies have documented significant qualitative
and quantitative improvements in physical function and
health related quality of life after total hip arthroplasty
(THA) surgery [1-4]. THA surgery is highly successful

in relieving pain and has demonstrated to be a cost-
effective and durable procedure [1-4]. Recent reports
based on National Arthroplasty Registries show that the
overall 10-year survival of all THA is over 90% [5,6].
Collecting data about hospitalizations for THA is

important at a country level to evaluate the incidence,
patient characteristics and outcome of the surgery in
variables such as length of stay (LOHS), complications,
mortality and burden of disease [7]. Surveys from the
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United States and other countries have reported a con-
tinued growth in the use of THA over the last decades
[7-11]. The demand for hip replacement is likely to
increase as the result of ageing populations and because
the extension of the age range for this treatment [7-11].
Current projections for the United States suggest that
from 2005 to 2030 the number of THA will increase by
174%, to nearly 600,000 procedures per year [11].
Liu et al found that the LOHS after a THA has

decreased from an average of 8.7 days in 1990-4, to
5.2 days in 1995-9, and to 4.5 days in the most recent
time period studied (2000-4). In addition, in-hospital
mortality rate has also decreased (0.33% in 1990-4 to
0.29% in 2000-2004) in different countries [7,9,10]. In
fact, the economic burden of THA surgery is high, con-
stantly increasing and shows great variation between
countries [12,13].
Comparisons of THA rates and outcomes between

countries could provide information that would help to
understand the possible differences and would also aid
for planning the provision of healthcare services [14]. In
the absence of a domestic joint replacement registry, the
discharge database provides a large alternative informa-
tion source to describe and analyze the trends and char-
acteristics of THA at a national level [13-15]. Therefore,
the aim of this study was to analyze national representa-
tive hospital discharge data, collected from 2001 to
2008 years, to elucidate changes in the incidence,
comorbidity profiles, LOHS, costs and in-hospital mor-
tality of patients undergoing primary THA in Spain over
a 8-year study period.

Methods
According to the Spanish Health System Organization,
each physician must declare, at the time of discharge of
each hospitalization all diagnoses and procedures per-
formed, using the code of the International Classification
of Disease, 9th revision (ICD-9CM). This information is
collected by the Spanish National Hospital Database,
namely Conjunto Minimo Basico de Datos (CMBD) that
compiles all the public and private hospital data covering
hence more than 95% of hospital discharges [16]. The
CMBD database includes patients’ variables (sex, date of
birth), date of admittance, date of discharge, discharge
destination (home, decease or other health/social institu-
tion), up to 14 discharge diagnosis and up to 20 proce-
dures performed during the admission.
We selected all surgical admissions (elective or emer-

gency admissions) in women and men with 40 years or
over, who received a primary THA procedures (ICD-9-
CM procedure code 81.51) during 2001-2008 year period.
We calculated the yearly age- and sex-specific incidence
rates by dividing the number of cases per year per sex and
age group, with the corresponding number of person in

that population group according to the National Institute
of Statistics (INE) reported at December 31 of each year
[17]. The incidence rates were expressed in terms of
100,000 inhabitants. The proportion of patients that died
during the hospital admission (in-hospital mortality),
LOHS, and costs were also estimated for each year stu-
died. Costs were calculated using Diagnosis-Related
Groups (DRG) for the disease. DRG represents a medical-
economic entity concerning a set of diseases requiring
analogous management resources [18]. All costs shown
are adjusted for the increment of the inflation in the same
period in Spain.
Clinical characteristics included information in overall

co-morbidity at the time of surgery, which was assessed
by computing the Charlson comorbidity index [19]. The
index applies to 19 disease categories that are summated
to obtain an overall score for each patient. We divided
patients into 3 categories: low index, which corresponds
to patients with no previously recorded disease cate-
gories in the Charlson comorbidity index; medium
index, patients with one or two disease categories; and
high index, patients with more than two disease
categories.
The primary diagnosis was considered the reason for

the THA and was categorized in “osteoarthritis (OA)”
and “other reasons”.

Statistical analysis
Quantitative variables are expressed as means, medians,
range and inter-quartile range (IQR). Qualitative variables
are expressed as frequencies and percentages. Compari-
sons were done using the chi-square test, Fisher’s exact
test, Student’s t-test, Wilcoxon rank-sum test, ANOVA
or Kruskal-Wallis test as appropriate. The multivariate
analysis of time trend of study variables were conducted
using Poisson and logistic regression models and adjust-
ing by age, sex and other co-variables when appropriate.
We then checked for interactions between the indepen-
dent variables in the regression models. Estimations were
made using STATA version 10.1 program (StataCorp LP,
Lakeway DriveCollege Station, Texas, USA) and statistical
significance was set at two-tailed a < 0 05.
Data were treated with full confidentiality, according

to the Spanish legislation. Patient identifiers were
deleted before the database was provided to the authors
in order to keep strict patient confidentiality. It is not
possible to identify patients at individual levels either in
this paper or in the database. Given the anonymous and
mandatory nature of the data informed consent was not
required nor necessary. The Spanish Ministry of Health
evaluated the protocol of our investigation and consid-
ered that it met all ethical aspects according to the
Spanish legislation so provided us the anonymous
database.
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For all the previous reasons the requirement for ethi-
cal approval was not necessary.

Results
We identified a total of 161,791 discharges of patients
(73,248 men and 88,543 women) having undergone
THA from 2001 to 2008. Table 1 reflects the total num-
ber of procedures performed and the incidence of THA
per 100,000 inhabitants in each year. The overall crude
incidence has increased from 99 THA to 105 THA per
100.000 inhabitants from 2001 to 2008 (p < 0.001).
Among men, incidence significantly increased for all age
categories, except among those aged 65-74 years, where
it decreased. Among women, increase was found among
those aged 75-84 and over 84 years, and decrease was
found in the same age group than in men. Overall, only
men had a significant increase in the crude incidence
over the 8-year study period.
The highest incidence for both sexes was found in the

75-84 years age group. Even more, the highest percent
of increase over time was also seen in this group of
patients. When we compared incidence by sexes we
found higher incidence in women than in men for all
age groups over 64 years and higher incidence among
men for age groups under 65 years.
Time trends in the prevalence of osteoarthritis, dis-

charge destinations and Charlson comorbidity index are
summarized in the Table 2. In 75% of the population
undergoing a THA, osteoarthritis was the main reason
for surgery. After adjusting by age and sex the preva-
lence of OA was found to increase over time.

The proportion of individuals who were discharged to
a social or health institution rose significantly from 3.1%
in 2001 to 4.6% in 2008. In 2001, 81% of patients had a
Charlson Index of 0, 18.4% of 1-2, and 0.6% > 2. In
2008, the proportion of patients who had undergone a
THA and had Charlson Index of 1-2 or >2 had
increased to 20.4% and 1.1% respectively (p < 0.001).
The mean LOHS for THA admissions was 13 days in

2001, but decreased to 10.45 days in 2008 (p < 0.001).
In addition and as expected, it was higher as age
increased. A decreasing time trend in the LOHS was
seen in all age groups (Table 3).
The whole hospital costs for THA hospitalizations in

Spain were 211 millions of Euros in 2008. During the
period studied, the mean cost per patient increased
from 6,634 Euros in 2001 to 9,474 Euros in 2008, which
represents a 42.8% increment (Table 4). Women had a
higher total and mean cost per patient than men in all
the years analyzed.
In-hospital mortality (IHM) rate trends according to

sex- and age-groups are shown in Table 5. The overall
IHM was 0.61% in 2008 (0.55% in women, 0.65% in
men) with the highest mortality rates being among men
and women aged 85 or over, with figures of 6.1% and
3.6% respectively. Women had lower IHM rates than
men in all age groups over 64 years. In fact time trend
analysis shows a significant reduction in IHM among
men aged 65-74 years, 75-84 years and ≥85 years.
Tables 6 and 7 summarizes the results of the multi-

variate analysis. No interactions between independent
variables proved statistically significant. After controlling

Table 1 Age and sex-specific incidence rates for primary THA per 100,000 inhabitants in Spain (2001-8)

2001 2002 2003 2004 2005 2006 2007 2008

Age Sex N = 18,185 N = 19,029 N = 19,545 N = 19,733 N = 20,461 N = 21,176 N = 21,354 N = 22,308 P*

40-54 Men 29.64 31.90 30.83 31.61 33.97 36.62 37.97 39.14 <0.001

Women 17.54 16.92 16.16 16.80 17.93 17.92 17.30 18.20 0.104

50-64 Men 89.80 99.37 97.41 96.92 103.27 104.48 104.53 110.86 <0.001

Women 74.57 78.92 74.77 75.74 69.90 74.03 75.36 75.29 0.420

65-74 Men 200.39 187.94 197.35 189.43 195.56 190.92 192.18 184.98 0.022

Women 217.76 216.53 220.47 206.90 205.14 206.89 199.46 200.96 <0.001

75-84 Men 164.55 192.34 201.86 201.05 209.11 221.16 208.99 226.10 <0.001

Women 214.47 241.82 242.24 256.66 262.51 265.94 262.04 275.89 <0.001

≥ 85 Men 79.25 73.04 81.41 69.09 65.92 78.75 90.63 101.59 <0.001

Women 100.59 102.27 106.43 109.22 112.70 109.87 120.03 119.35 0.008

Total Men 94.64 97.99 99.69 97.52 101.55 103.44 102.87 105.71 <0.001

Women 102.80 106.18 105.48 104.78 104.00 104.83 102.88 105.01 0.931

Both 99.05 102.40 102.80 101.42 102.87 104.19 102.88 105.33 <0.001

Incidence rates calculated by dividing the number of cases per year sex and age group with the corresponding number of person in that population group
according to the National Institute of Statistics (INE) reported at December 31 each year [17].

*P value for time trend estimated using Poisson regression models.
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for possible confounders using Poisson regression mod-
els, we observed that the incidence of THA hospitaliza-
tions has significantly increased from 2001 to 2008 for
men and women (IRR 1.15, 95% CI 1.11-1.18 and 1.07,
95% CI 1.04-1.09 respectively). With regard to IHM,
after adjusting the logistic regression model, only men
showed a significant reduction in the risk of death after
THA from 2001 to 2008 (OR 0.62 CI 95% 0.43-0.90).
For both sexes the risk of in hospital death was higher
as age and Charlson co-morbidity index increased, and
among those who had other than osteoarthritis as the
reason for surgery. Finally, in the model including both
gender, men had 1.72 times more probabilities of dying
during the hospitalization time for a THA than women.

Discussion
In this observational study involving 161,791 THA, we
found a significant increase in the incidence of this surgi-
cal procedure from 2001 to 2008 in the Spanish popula-
tion. When reporting on incidences of THA, it is
necessary to make comparisons with other countries.
Lohmander et al estimated, among people suffering OA,
the crude incidence of primary THA (rate per year per
100,000 persons) obtaining results between 70 for Iceland
and 99 for Sweden in 2000 [14]. In Australia, Wells et al
obtained an incidence of 60.9 per 100,000 [20]. Our esti-
mated incidence for patients with OA was 74 per
100,000 in 2001 which falls within previously ranges.
However, comparison between studies is too complicated

Table 2 Prevalence of Osteoarthritis, discharge destinations and Charlson comorbidity index of the THA patients in
Spain from 2001 to 2008

2001 2002 2003 2004 2005 2006 2007 2008 P*

Reason for surgery Osteoarthritis (%) 74.8 75.8 75.9 76.1 76.3 76.3 75.4 77.0 <0.001

Other (5) 25,2 24,2 24,1 23,9 23,7 23,7 24,6 23

Discharge destinations Home (%) 96.8 97.0 96.4 96.4 96.1 95.7 95.9 95.3 <0.001

Health/social institution (%) 3.2 3.0 3.6 3.6 3.9 4.3 4.1 4.7

Charlson comorbidity index 0 (%) 81.0 81.2 79.9 79.4 79.2 78.7 77.9 78.5 <0.001

1-2 (%) 18.4 18.1 19.3 19.9 19.9 20.4 21.3 20.4

>2(%) 0.6 0.7 0.8 0.7 0.9 0.9 0.8 1.1

*P value for time trend estimated using logistic regression adjusted by age and sex.

Table 3 Length of stay (LOHS) for primary THA hospitalizations in Spain from 2001 to 2008

2001 2002 2003 2004 2005 2006 2007 2008 P*

Age group LOHS LOHS LOHS LOHS LOHS LOHS LOHS LOHS

40-54* Mean 11.93 11.15 10.84 10.00 9.70 9.69 8.99 9.06 <0.001

Median 10 9 9 8 8 8 8 8

IQR 8-13 7-12 7-12 7-11 7-10 6-10 6-9 6-9

50-64* Mean 12.02 11.52 11.29 10.53 10.39 10.10 9.61 9.27 <0.001

Median 11 10 9 9 8 8 8 8

IQR 8-14 8-13 8-13 7-12 7-11 7-11 6-10 6-10

65-74* Mean 12.76 12.36 11.75 11.32 10.95 10.67 10.34 10.03 <0.001

Median 11 11 10 9 9 9 9 8

IQR 9-14 8-14 8-13 8-13 7-12 7-12 7-11 7-11

75-84 Mean 14.15 13.68 13.31 12.80 12.50 12.31 12.04 11.46 <0.001

Median 12 12 11 11 10 10 9 9

IQR 9-16 9-15 8-15 8-15 8-14 8-14 8-13 7-13

≥ 85 Mean 16.20 17.45 16.67 16.27 15.99 15.11 15.37 14.97 0.001

Median 13 14 13 12 13 12 12 11

IQR 10-18 10-20 10-20 9-18 9-19 9-18 8-18 8-17

Total Mean 13.00 12.61 12.18 11.65 11.36 11.13 10.78 10.45 <0.001

Median 11 11 10 10 9 9 9 8

IQR 9-15 8-14 8-14 8-13 7-13 7-12 7-12 7-11

IQR Inter quartile range.

* P value for comparing means along the study period.
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due to country differences related to population demo-
graphic structure (age, sex, race), timing of the studies,
and methods of reporting and should be interpreted with
caution [20].
The present results agree with those studies con-

ducted in other countries where females have also sig-
nificantly higher incidence than males [5,7,14,21,22]. In
Spain, females constituted 55% of the patients over the
entire period. In the US, for the period 2000-4 females
accounted for 57% of discharges with diagnosis of total
hip arthroplasty [7]. Analysis of the arthroplasty regis-
tries of Sweden, Denmark, and Norway showed that
females represented 58% of the patients in Denmark,
60% in Sweden, and 70% in Norway [5]. In addition,
female patients had higher incidence rates of THA than
men in all age groups [5]. In Japan, only 16.1% of THA
were conducted in men during 2006-7 period [21]. Pre-
vious research suggests that OA is more prevalent and
incapacitating in females than in males [5,14,22]. Differ-
ences in referral practices and patient willingness or

other unknown factors may explain discrepancies in
THA implantation between gender and differences
between countries in sex-specific incidence [5,14,22].
We also found that men incidence increased signifi-

cantly for all age categories except among those aged
65-74, where decreased. In women, the increase was
found among those aged 75 years and over. In the US,
from 1990 to 2004, the use of THA increased for most
age categories, but unlike the current study, a decrease
in the group of patients over 84 years was seen [7]. We
believe that the increase in older age groups in Spain
may be a consequence of concurrent advances during
this same time period in surgical techniques, implant
materials and designs and peri-operative care, that has
allowed the extension of surgical indications to older
and sicker patients [9,10,23]. A study conducted in The
Netherlands and Sweden found that only 3% and 15%,
respectively, of increase in THA incidence may be
explained by changes in the population structure by age
[23]. In fact, the results of the Poisson regression

Table 4 Hospital costs for primary total hip arthroplasties hospitalizations in Spain from 2001 to 2008

Year Mean (€) Median (€) Percentile 25 Percentile 75 Total cost (Millions of €) P*

2001 6635 5654 4626 7710 120.65 € <0.001

2002 6731 5889 4283 7495 128.09 €

2003 7418 6145 4916 8603 144.98 €

2004 7654 6309 5232 8502 151.03 €

2005 7345 5890 4581 8404 150.28 €

2006 8754 7107 5528 9476 185.37 €

2007 8625 7234 5626 9645 184.19 €

2008 9474 7297 6385 10034 211.34 €

* P value for comparing means along the study period.

Table 5 Incidence of In-Hospital Mortality (IHM) after primary THA in Spain from 2001 to 2008

2001 2002 2003 2004 2005 2006 2007 2008

IHM (%) IHM (%) IHM (%) IHM (%) IHM (%) IHM (%) IHM (%) IHM (%) p*

40-54 Men 0.00 0.16 0.24 0.15 0.00 0.06 0.17 0.11 0.924

Women 0.15 0.44 0.00 0.70 0.00 0.13 0.00 0.23 0.367

50-64 Men 0.23 0.21 0.46 0.10 0.05 0.13 0.21 0.16 0.239

Women 0.06 0.06 0.06 0.06 0.13 0.12 0.28 0.27 0.018

65-74 Men 0.49 0.49 0.41 0.18 0.39 0.34 0.31 0.19 0.025

Women 0.27 0.47 0.22 0.40 0.26 0.24 0.40 0.30 0.884

75-84 Men 1.68 1.66 1.41 0.80 0.97 1.10 1.26 1.05 0.046

Women 0.77 0.84 0.52 1.06 0.70 0.87 0.69 0.71 0.736

≥ 85 Men 8.75 8.28 3.91 9.55 5.73 5.53 4.90 6.10 0.004

Women 3.85 3.78 5.97 5.63 5.25 3.70 5.45 3.60 0.435

Total Men 0.75 0.76 0.69 0.47 0.47 0.53 0.60 0.55 0.511

Women 0.54 0.68 0.57 0.87 0.66 0.63 0.78 0.65 0.722

Both 0.63 0.71 0.62 0.69 0.57 0.59 0.69 0.61 0.479

IHD is calculated dividing the number of death by the number of THA hospitalizations in that sex and age group.

*P value for time trend estimated using Poisson regression models.
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analysis confirm that the increment in incidence of
THA in men and also in women became significant
after adjusting for potential confounders. Other authors
using multivariate models have reached the same con-
clusions, verifying therefore that the increase in inci-
dence of THA is not only a consequence of the
population growth or ageing [7,9-11].
Primary osteoarthritis, as the most frequent diagnosis

among THA patients is constantly found in Europe and
elsewhere [5,13,14,21]. Havelin et al showed prevalence
of OA of 77.6% in Denmark, 78.8% in Sweden and
73.7% in Norway [5] values almost identical to those
reported in the current study for Spain. In Japan, 80.6%
of the patients who received THA during 2006-7 have
been diagnosed of OA [21].
In Spain, the number of high-risk surgical patients has

increased over last 8 years as shown by the analysis of
Charlson comorbidity index. This same trend has been
previously described in other studies [7,9,10,21]. Aging
of population will undoubtedly make patient manage-
ment after THA more complex in the future [7,9,10,21].
Even more, this increase in co-morbidities in THA
patients after adjusting by age, reflect the declining

health status of the general Spanish population as pre-
viously suggested [24-26].
The LOHS decreased signficantly from an average of

13 days in 2001 to 10.45 days in 2008 in Spain. The mean
nationwide LOHS for Spain is longer than that described
in other countries such as Denmark, USA or Taiwan, but
shorter than in Japan [7,9,21,27,28]. Reasons for the
decrease in the LOHS overtime suggested by other
authors that may be well applies to Spain include: more
specialized departments with multidisciplinary and multi-
modal teams using more efficient means to rehabilitate
and discharge patients and, as found in our study, the
increased rate of discharges to short and long-term care
facilities [7,13,27,28]. The trend of hospital discharges to
medium-care institutions may reflect the indiosincratic
problem of a Public Health System. Neither patients
accept nor doctors promote a complete discharge until the
patient has recovered a certain degree of autonomy as they
are not directly penalty by the cost of the procedure.
In all the years analyzed most THA admissions were

elective (82-84%) with the remaining 16-18% through
the emergency room. The changes in these proportions
showed no significant time trend.

Table 6 Multivariate analysis of trends and factors associated with incidence for primary THA

INCIDENCE OF HOSPITALIZATIONS FOR THA

Risk Rate Ratios (95% Confidence Intervals)*

Men Women Both

Age 40-54 - - -

55-64 2.96 (2.89-3.03) 4.30 (4.17-4.43) 3.40 (3.34-3.46)

65-74 5.65 (5.52-5.77) 12.04 (11.71-12.38) 7.84 (7.71-7.97)

75-84 5.98 (5.84-6.12) 14.57 (14.17-14.98) 9.09 (8.93-9.25)

≥85 2.37 (2.25-2.50) 6.37 (6.14-6.21) 3.97 (3.86-4.08)

Sex Women NA NA -

Men NA NA 1.03 (1.02-1.04)

Reason for surgery OA - - -

Other 0,21 (0,20-0,22) 0,42 (0,41-0,43) 0,32 (0,31-0,33)

Charlson comorbidity index 0 - - -

1-2 0.24 (0.24-0.25) 0.25 (0.25-0.26) 0.25 (0.24-0.25)

>2 0.012 (0.011-0.013) 0.008 (0.008-0.009) 0.010 (0.009-0.011)

YEAR 2001 - - -

2002 1.04 (1.00-1.07) 1.04 (1.01-1.07) 1.04 (1.02-1.06)

2003 1.06 (1.03-1.09) 1.04 (1.01-1.07) 1.05 (1.03-1.07)

2004 1.04 (1.01-1.07) 1.04 (1.01-1.07) 1.04 (1.02-1.06)

2005 1.09 (1.06-1.12) 1.04 (1.01-1.07) 1.06 (1.04-1.08)

2006 1.11 (1.08-1.15) 1.05 (1.02-1.08) 1.08 (1.06-1.10)

2007 1.11 (1.08-1.15) 1.04 (1.01-1.07) 1.07 (1.05-1.09)

2008 1.15 (1.11-1.18) 1.07 (1.04-1.09) 1.10 (1.08-1.12)

Calculated using multivariate Poisson regression Dependent variable “Incidence of hospitalizations for THA”.

The independent variables included in the models are those shown in the table.

OA Osteoarthritis.
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In Spain the total cost of primary THA has increased
from 120.65 millions of Euros in 2001 to 211.34 millions
in year 2008, this represents a 75% increase. The average
cost per patient has risen from 6,634 Euros in 2001 to
9,473 Euros in 2008 (42.8% increment). In France whole
hospital cost for primary joint replacement for coxar-
throsis (N = 69,948) was 590.6 millions of Euros in
2004, with a mean cost per patient of 8,318 Euros [13].
A recent study comparing the cost of primary hip repla-
cement within 9 member states of the European Union
found that the total cost of treatment per patient ranged
from 1,290 Euros (Hungary) to 8,739 Euros (The Neth-
erlands) [12]. The charge in the USA has been found to
be higher [29]. In any case, and as previously commen-
ted, comparison of LOHS and costs between countries
is too difficult because differences in demographics and
specific healthcare system organization and financing
[12,13].
A striking result of our study is that, despite the

reduction in LOHS, the cost has increased. We believe
that this finding may be associated with greater inci-
dence of risk factors and comorbidities in THA patients,
higher cost of surgical materials and postoperative care,
or an increase in cost of fee-for-service [10,29].

Furthermore, the fact that in Spain the payment system
to hospitals has been increasingly associated with the
complexity of the patients treated, may have led hospitals
to prioritize the codification of those diseases that are
associated with increases in the LOHS and in-hospital
mortality [10].
The overall in-hospital mortality (IHM) after primary

THA in Spain ranged from 0.71% to 0.59% over 2001-
08. These findings are higher than those reported in
other countries [7,21,27]. Doro et al analyzed
275,813 primary THA for OA from 1988 to 2000 using
the US Nationwide Inpatient Sample database and
observed that in-hospital mortality was 0.16% in the
highest volume hospitals and 0.29% in the lowest
volume [27]. More recently, and using the same data-
base, Liu et al have described an in-hospital mortality
rate of 0.29% in the 2000-2004 period (n = 953,130) for
all primary THA beside the diagnosis [7]. In Japan, a
report including 13, 537 THA conducted in 2006-7,
found an IHM of 0.23% [21]. Allepuz A et al, using a
method similar to ours described almost identical IHM
for Catalonia (Spain) in the period 200-2005 [10].
Considering that comparisons are not possible due to

the differences in patients and system characteristics,

Table 7 Multivariate analysis of trends and factors associated with in-hospital deaths after primary THA

IN-HOSPITAL DEATHS AFTER HOSPITALIZATIONS FOR THA

Odds Ratios (95% Confidence Intervals

Men Women Both

Age 40-54 - - -

55-64 2.16 (1.13-4.14) 0.76 (0.37-1.59) 1.49 (0.92-2.41)

65-74 4.29 (2.39-7.71) 1.61 (0.88-2.93) 3.10 (2.03-4.71)

75-84 11.81 (6.70-20.82) 2.95 (1.65-5.29) 6.81 (4.52-10.25)

≥85 28.25 (15.67-50.91) 10.45 (5.81-18.80) 20.83 (13.74-31.58)

Sex Women NA NA -

Men NA NA 1.72 (1.50-2.01)

Reason for surgery OA - - -

Other 6,67 (5,26-8,33) 5,56 (4,35-6,67) 5,88 (5,00-7,14)

Charlson comorbidity index 0 - - -

1-2 4.40 (3.54-5.47) 4.38 (3.66-5.24) 4.39 (3.82-5.04)

>2 18.20 (12.93-25.63) 17.78 (12.78-24.73) 18.08 (14.28-22.89)

YEAR 2001 - - -

2002 0.97 (0.67-1.40) 1.30 (0.91-1.86) 1.13 (0.88-1.46)

2003 0.81 (0.56-1.17) 0.99 (0.69-1.45) 0.91 (0.70-1.18)

2004 0.57 (0.38-0.86) 1.56 (1.11-2.20) 1.04 (0.81-1.34)

2005 0.53 (0.36-0.80) 1.13 (0.79-1.62) 0.82 (0.63-1.07)

2006 0.57 (0.39-0.84) 1.07 (0.75-1.54) 0.81 (0.62-1.05)

2007 0.59 (0.41-0.86) 1.20 (0.85-1.70) 0.88 (0.68-1.13)

2008 0.54 (0.37-0.79) 1.04 (0.73-1.48) 0.78 (0.60-1.00)

Calculate using logistic regression. Dependent variable “In hospital death after hospitalizations for THA”.

The independent variables included in the models are those shown in the table. OA Osteoarthritis.
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the results of the present study call for urgent research
assessing the reasons for such high mortality in Spain.
The large number of surgeries conduced in the oldest
patients (≥85 years) that has increased sharply in last
years is surely contributing to this high IHM. Future
studies are needed to confirm this assumption.
Results from the regression analysis show that over the

entire period, men exhibited 72% more probability of
dying as a consequence of THA than women. Further,
the risk of death also increased with age, number of com-
morbid conditions and having other than OA as reason
for THA. These finding are consistent with previous stu-
dies showing that the most important risk factors for
excessive early postoperative mortality for THA are male
gender, older age and co-morbidity [7,15,27].
Finally, we found that increased incidence of THAs

was coupled with a slightly reduced rate of in-hospital
mortality among men, which is similar to previous
reports [7]. Beside those factors previoully commented
expaining the increased incidence of THA and the
reduction in the LOHS, we agree with others that the
increased volume and the use of THAs in-itself has pos-
sibly helped to reduce mortality [7,27,30,31].
We should recognize strengths and limitations of the

current study. The main strength of the current study
lies in a large sample size and standardized methodology
maintained constant along the study period. Futhremore,
discharge databases have been widely used by other
authors to assess outcomes, burden and trends of THA
[7,10,13,15,21,27]. Nevertheless, our study presents some
limitations. Firstly, a potential source of bias comes from
relying on administrative registries as several discrepan-
cies between administrative data and audited and vali-
dated clinical data have been suggested [32-35]. However,
others have reported that this information was fairly reli-
able [32-35]. Even more, coding may have improved over
the study period resulting in higher comorbidities [10].
Secondly, outcomes were limited to the variables coded,
which do not include relevant data such as type of pros-
thesis fixation, pharmacologic treatments or other factors
such as function and pain relief, among others. Therefore,
outcomes as LOHS and discharge destination may have
been influenced by other covariates different from post-
operative complications. In such scenario, only in-hospital
mortality can be used to draw direct conclusions on the
complication rate in the curren study [27]. Thirdly, we
only focused on hospital admissions in people aged over
40 years. Indeed, hospitalizations in people aged under
40 years represented < 2% of all hospitalizations for THA
in Spain and other countries [5,10,13]. Lastly, the data in
the CMBD is anonymous, with the result that it is impos-
sible to trace patients who underwent a contralateral pro-
cedure during the same period. Despite these limitations,

the CMBD discharge database has the advantage of being
mandated by the National Public Health System and it
includes almost 100% of admissions in Spain [16]. In
addition, Spain is a large country with a public heatlh
system providing full free of charge medical and surgical
services to the entire population, so patients came from a
variety of socioeconomic categories improving the exter-
nal validity of the current results.
In our opinion, the best option to obtain more

extense, reliable and accuarate information would be to
create a national arthroplasty register like is already
available in other European countries and Australia
[5,14,20]. Implating registries are also necessarry as a
surveillence system that would allow tracing new models
and early idenfication and withdrow of those with worse
results than previous models. In the absence of a formal
domestic registry, the incidence, IHM rates and cost
estimation reported in this study provide the best possi-
ble available information.

Conclusions
The current study provides clear and valid data indicat-
ing an increase in incidence of primary THA in Spain
from 2001 to 2008 with concomitant reductions in
LOHS and slight reduction in-hospital mortality, but a
significant increase in cost per patient. The health pro-
file of the patient undergoing a THA seems to be wor-
sening in Spain. This time trend may be useful for
planning future resources, e.g. surgical and rehabilitation
centers or specialist consultations.
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IHM: In-hospital mortality; LOHS: length of hospital stay; THA: Total hip
arthroplasty; CMBD: Spanish National Hospital Database, namely Conjunto
Minimo Basico de Datos.

Acknowledgements
We want to thank the Ministry of Health for providing us the CMBD
databases and Alejandro Alvaro for his help in the depuration of these
databases.

Author details
1Preventive Medicine and Public Health Teaching and Research Unit,
Department of Health Sciences, Universidad Rey Juan Carlos, Madrid, Spain.
2Orthopedic Department, Hospital Gregorio Marañon, Madrid, Spain.
3Department of Physical Therapy, Occupational Therapy, Rehabilitation and
Physical Medicine, Universidad Rey Juan Carlos, Madrid, Spain. 4Orthopedic
Department, Virgen del Mar Hospital, Almeria, Spain.

Authors’ contributions
RJG Conception and design, acquisition of data, analysis and interpretation
of data and drafting the manuscript. MVM Conception and design,
acquisition of data, interpretation of data and drafting the manuscript. CFDP
Conception and design, interpretation of data and drafting the manuscript.
VHB. Acquisition of data, analysis and interpretation of data and drafting the
manuscript. ARL. Analysis and Interpretation of data and drafting the
manuscript. PCG Analysis and Interpretation of data and drafting the
manuscript. ALDA Analysis and Interpretation of data and drafting the
manuscript. JSRM Analysis and Interpretation of data and drafting the

Jimenez-Garcıa et al. BMC Musculoskeletal Disorders 2011, 12:43
http://www.biomedcentral.com/1471-2474/12/43

Page 8 of 9



manuscript. AGDM Conception and design and revising the manuscript
critically for important intellectual content;
All authors have given final approval of the version to be published.

Competing interests
The authors declare that they have no competing interests.

Received: 17 November 2010 Accepted: 9 February 2011
Published: 9 February 2011

References
1. Ackerman IN, Graves SE, Bennell KL, Osborne RH: Evaluating quality of life

in hip and knee replacement: psychometric properties of the World
Health Organization quality of life short version instrument. Arthritis
Rheum 2006, 55:583-590.

2. Räsänen P, Paavolainen P, Sintonen H, Koivisto AM, Blom M, Ryynänen OP,
Roine RP: Effectiveness of hip or knee replacement surgery in terms of
quality-adjusted life years and costs. Acta Orthop 2007, 78:108-115.

3. Jones CA, Beaupre LA, Johnston DW, Suarez-Almazor ME: Total joint
arthroplasties: current concepts of patient outcomes after surgery.
Rheum Dis Clin North Am 2007, 33:71-86.

4. Juni P, Reichenbach S, Dieppe P: Osteoarthritis: rational approach to
treating the individual. Best Practice & Research in Clinical Rheumatology
2006, 20:721-740.

5. Havelin LI, Fenstad AM, Salomonsson R, Mehnert F, Furnes O, Overgaard S,
Pedersen AB, Herberts P, Kärrholm J, Garellick G: The Nordic Arthroplasty
Register Association: a unique collaboration between 3 national hip
arthroplasty registries with 280,201 THRs. Acta Orthop 2009, 80:393-401.

6. Thillemann TM, Pedersen AB, Mehnert F, Johnsen SP, Søballe K:
Postoperative use of bisphosphonates and risk of revision after primary
total hip arthroplasty: a nationwide population-based study. Bone 2010,
46:946-51.

7. Liu SS, Della Valle AG, Besculides MC, Gaber LK, Memtsoudis SG: Trends in
mortality, complications, and demographics for primary hip arthroplasty
in the United States. Int Orthop 2009, 33:643-51.

8. Mowat F, Ong K, Chan N, Lau E, Halpern M: Prevalence of primary and
revision total hip and knee arthroplasty in the United States from
1990 through 2002. J Bone Jt Surg Am 2005, 87:1487-1497.

9. Tien WC, Kao HY, Tu YK, Chiu HC, Lee KT, Shi HY: A population-based
study of prevalence and hospital charges in total hip and knee
replacement. Int Orthop 2009, 33:949-54.

10. Allepuz A, Serra-Sutton V, Espallargues M, Salvador X, Pons JM: [Hip and
knee arthroplasties in Catalonia [Spain] from 1994 to 2005]. Gac Sanit
2008, 22:534-40.

11. Kurtz S, Ong K, Lau E, Mowat F, Halpern M: Projections of primary and
revision hip and knee arthroplasty in the United States from 2005 to
2030. J Bone Jt Surg Am 2007, 89:780-785.

12. Stargardt T: Health service costs in Europe: cost and reimbursement of
primary hip replacement in nine countries. Health Econ 2008, 17:S9-20.

13. Maravic M, Landais P: Usefulness of a national hospital database to evaluate
the burden of primary joint replacement for coxarthrosis and gonarthrosis
in patients aged over 40 years. Osteoarthritis Cartilage 2006, 14:612-5.

14. Lohmander LS, Engesaeter LB, Herberts P, Ingvarsson T, Lucht U,
Puolakka TJ: Standardized incidence rates of total hip replacement for
primary hip osteoarthritis in the 5 Nordic countries: similarities and
differences. Acta Orthop 2006, 77:733-40.

15. Soohoo NF, Farng E, Lieberman JR, Chambers L, Zingmond DS: Factors
That Predict Short-term Complication Rates After Total Hip Arthroplasty.
Clin Orthop Relat Res 2010, 468:2363-71.

16. Conjunto Mínimo Básico de Datos. Hospitales del INSALUD. [http://www.
ingesa.msc.es/estadEstudios/documPublica/CMBD-2001.htm], Accessed on
9 November 2010.

17. Instituto Nacional de Estadística (INE). Population estimates. [http://www.
ine.es], Accessed on 9 November 2010..

18. Instituto Nacional de la Salud. Ministerio de Sanidad y Consumo. CMBD
Insalud. Análisis de los GRDs. Año 2000. [http://www.ingesa.msc.es/
estadEstudios/documPublica/cmbd2000.htm], Accessed on 9 November
2010..

19. Deyo RA, Cherkin DC, Ciol MA: Adapting a clinical comorbidity index for
use with ICD-9-CM administrative databases. J Clin Epidemiol 1992,
45:613-9.

20. Wells VM, Hearn TC, McCaul KA, Anderton SM, Wigg AE, Graves SE:
Changing incidence of primary total hip arthroplasty and total knee
arthroplasty for primary osteoarthritis. J Arthroplasty 2002, 17:267-73.

21. Kadono Y, Yasunaga H, Horiguchi H, Hashimoto H, Matsuda S, Tanaka S,
Nakamura K: Statistics for orthopedic surgery 2006-2007: data from the
Japanese diagnosis procedure combination database. J Orthop Sci 2010,
15:162-70.

22. Crowninshield RD, Rosenberg AG, Sporer SM: Changing demographics of
patients with total joint replacement. Clin Orthop Relat Res 2006,
443:266-272.

23. Ostendorf M, Johnell O, Malchau H, Dhert WJ, Schrijvers AJ, Verbout AJ: The
epidemiology of total hip replacement in The Netherlands and Sweden:
present status and future needs. Acta Orthop Scand 2002, 73:282-6.

24. Basterra-Gortari FJ, Bes-Rastrollo M, Seguí-Gómez M, Forga L, Martínez JA,
Martínez-González MA: [Trends in obesity, diabetes mellitus, hypertension
and hypercholesterolemia in Spain (1997-2003)]. Med Clin (Barc) 2007,
129:405-8.

25. Jiménez Trujillo I, Jiménez García R, Vazquez-Fernandez del Pozo S,
Hernández Barrera V, Carrasco Garrido P, Suarez P, Gil de Miguel A: Trends
from 1995 to 2006 in the prevalence of self-reported cardiovascular risk
factors among elderly Spanish diabetics. Diabetes Metab 2010, 36:29-35.

26. Grau M, Subirana I, Elosua R, Solanas P, Ramos R, Masiá R, Cordón F, Sala J,
Juvinyà D, Cerezo C, Fitó M, Vila J, Covas MI, Marrugat J: Trends in
cardiovascular risk factor prevalence (1995-2000-2005) in northeastern
Spain. Eur J Cardiovasc Prev Rehabil 2007, 14:653-9.

27. Doro C, Dimick J, Wainess R, Upchurch G, Urquhart A: Hospital volume and
inpatient mortality outcomes of total hip arthroplasty in the United
States. J Arthroplasty 2006, 21:10-6.

28. Husted H, Hansen HC, Holm G, Bach-Dal C, Rud K, Andersen KL, Kehlet H:
What determines length of stay after total hip and knee arthroplasty?
A nationwide study in Denmark. Arch Orthop Trauma Surg 2010,
130:263-8.

29. Shah AN, Vail TP, Taylor D, Pietrobon R: Comorbid illness affects hospital
costs related to hip arthroplasty: quantification of health status and
implications for fair reimbursement and surgeon comparisons.
J Arthroplasty 2004, 19:700-5.

30. Katz JN, Losina E, Barrett J, Phillips CB, Mahomed NN, Lew RA,
Guadagnoli E, Harris WH, Poss R, Baron JA: Association between hospital
and surgeon procedure volume and outcomes of total hip replacement
in the United States medicare population. J Bone Joint Surg Am 2001,
83:1622-1629.

31. Judge A, Chard J, Learmonth I, Dieppe P: The effects of surgical volumes
and training centre status on outcomes following total joint
replacement: analysis of the Hospital Episode Statistics for England.
J Public Health 2006, 28:116-124.

32. Shervin N, Rubash HE, Katz JN: Orthopaedic procedure volume and
patient outcomes: a systematic literature review. Clin Orthop Relat Res
2007, 457:35-41.

33. Hervey SL, Purves HR, Guller U, Toth AP, Vail TP, Pietrobon R: Provider
volume of total knee arthroplasties and patient outcomes in the HCUP-
nationwide inpatient sample. J Bone Joint Surg Am 2003, 85A:1775.

34. Harrold LR, Yood RA, Andrade SE, Reed JI, Cernieux J, Straus W, Weeks M,
Lewis B, Gurwitz JH: Evaluating the predictive value of osteoarthritis
diagnoses in an administrative database. Arthritis Rheum 2000, 43:1881-5.

35. Losina E, Barrett J, Baron JA, Katz JN: Accuracy of Medicare claims data for
rheumatologic diagnoses in total hip replacement recipient. J Clin
Epidemiol 2003, 56:515-9.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/12/43/prepub

doi:10.1186/1471-2474-12-43
Cite this article as: Jimenez-Garcıa et al.: Trends in primary total hip
arthroplasty in Spain from 2001 to 2008: Evaluating changes in
demographics, comorbidity, incidence rates, length of stay, costs and
mortality. BMC Musculoskeletal Disorders 2011 12:43.

Jimenez-Garcıa et al. BMC Musculoskeletal Disorders 2011, 12:43
http://www.biomedcentral.com/1471-2474/12/43

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/16874780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16874780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16874780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17453401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17453401?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17367693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17367693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19513887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19513887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19513887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20102756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20102756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18461326?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18461326?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18461326?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18612638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18612638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18612638?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19080929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19080929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18186038?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18186038?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16476556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16476556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16476556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17068703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17068703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17068703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20428982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20428982?dopt=Abstract
http://www.ingesa.msc.es/estadEstudios/documPublica/CMBD-2001.htm
http://www.ingesa.msc.es/estadEstudios/documPublica/CMBD-2001.htm
http://www.ine.es
http://www.ine.es
http://www.ingesa.msc.es/estadEstudios/documPublica/cmbd2000.htm
http://www.ingesa.msc.es/estadEstudios/documPublica/cmbd2000.htm
http://www.ncbi.nlm.nih.gov/pubmed/1607900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1607900?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11938500?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11938500?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20358327?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20358327?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16462450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16462450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12143973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12143973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12143973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17927933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17927933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20006530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20006530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20006530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17925624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17925624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17925624?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16950056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16950056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16950056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19633865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19633865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15343528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15343528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15343528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11701783?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11701783?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11701783?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17415062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17415062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10943880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10943880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12873645?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12873645?dopt=Abstract
http://www.biomedcentral.com/1471-2474/12/43/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

