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An international comparison of THA patients, implants, techniques, 
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Arthroplasty registries provide a mechanism for evaluating 
patient, surgical, and implant characteristics associated with 
revision surgery (Paxton et al. 2012, 2015, Khatod et al. 2014) 
and to identify clinical best practices for enhancing quality 
of care (Herberts and Malchau 1999, 2000, Graves 2010, 
Paxton et al, 2010, 2012). In addition, identification of varia-
tions between countries provides an opportunity to evaluate 
similarities and differences in practices and outcomes. Inves-
tigation of total hip arthroplasty (THA) variation between 
countries has been examined in Scandinavia (Havelin et al. 
2011, Makela et al. 2014) but has been limited in other coun-
tries. However, with an increased focus on the need for world-
wide evidence on THA implant performance, international 
collaborations have increased (Sedrakyan et al. 2011, 2014). 
Despite an increased focus on such collaborations, variations 
in US, Australian, and Swedish THA patients, practices, and 
outcomes have not been fully examined. Therefore, we inves-
tigated similarities and differences in patient characteristics, 
surgical techniques, implant selection, and implant survival 
rates in THA patients across the 3 countries to identify future 
areas of research based on the country comparisons.

Patients and methods

Primary THAs due to osteoarthritis were identified using 
national and regional registries in Sweden (n = 159,695) 
(SHAR 2014), Australia (n = 279,693) (AOANJRR 2015), and 
the United States (Paxton et al. 2012) (n = 69,641) from 2003 
to 2015. The capture rate of these registries exceeds 95% and 
loss to follow-up is less than 8% over the study period. Valida-
tion and quality control methods of these registries have been 
previously published (Soderman et al. 2000, Paxton et al. 2010, 
2012, AOANJRR 2016). Bilateral procedures were included in 
the study. Hip resurfacing procedures were excluded.

Background and purpose — International comparisons 
of total hip arthroplasty (THA) practices and outcomes pro-
vide an opportunity to enhance the quality of care world-
wide. We compared THA patients, implants, techniques, and 
survivorship in Sweden, Australia, and the United States.

Patients and methods — Primary THAs due to osteo-
arthritis were identified using Swedish (n = 159,695), Aus-
tralian (n = 279,693), and US registries (n = 69,641) (2003–
2015). We compared patients, practices, and implant usage 
across the countries using descriptive statistics. We evalu-
ated time to all-cause revision using Kaplan–Meier survival 
curves. We assessed differences in countries’ THA survival 
using chi-square tests of survival probabilities.

Results — Sweden had fewer comorbidities than the 
United States and Australia. Cement fixation was used pre-
dominantly in Sweden and cementless in the United States 
and Australia. The direct anterior approach was used more 
frequently in the United States and Australia. Smaller 
head sizes (≤ 32 mm vs. ≥ 36 mm) were used more often 
in Sweden than the United States and Australia. Metal-on-
highly cross-linked polyethylene was used more frequently 
in the United States and Australia than in Sweden. Sweden’s 
5- (97.8%) and 10-year THA survival (95.8%) was higher 
than the United States’ (5-year: 97.0%; 10-year: 95.2%) and 
Australia (5-year: 96.3%; 10-year: 93.5%).

Interpretation — Patient characteristics, surgical tech-
niques, and implants differed across the 3 countries, empha-
sizing the need to adjust for demographics, surgical tech-
niques, and implants and the need for global standardized 
definitions to compare THA survivorship internationally.
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Patient characteristics (i.e., age, sex, BMI, ASA score), surgi-
cal techniques (i.e., surgical approach, type of cement fixation), 
implant types (i.e., bearing surface, femoral head size), and 5- 
and 10-year implant survival were reported from the registries. 
Sweden’s BMI and ASA were available from 2008 to 2015. Aus-
tralia’s BMI was available only for 2015 and their ASA scores 
from 2012 to 2015. For the US cohort, BMI and ASA were avail-
able for the entire time period. Tables with aggregate-level data 
were shared across countries. Descriptive statistics were used 
to compare and contrast patients, practices, and implant usage. 
Kaplan–Meier survival curves were used to evaluate time to all-
cause revision across the countries. Chi-square tests of survival 
probabilities were used to assess differences in THA survival 
probabilities between the countries at 5- and 10-year follow-up. 
95% confidence intervals (CI) are also presented.

Ethics, funding, and potential conflicts of interest
Approval from the Institutional Review Board was obtained 
prior to the start of this study (#5488 approved on August 
27, 2009) and from the Regional Ethical Review Board in 
Gothenburg (entry number 271-14 approved on April 7, 2014 
with amendment T-609-17 approved on July 10, 2017). There 
is no funding. There are no conflicts of interest.

Results
Incidence rates of primary THA
The volume of primary THAs for OA increased each year in 
all 3 countries during the study period. The 2015 incidence 
rates of THA with an OA diagnosis were higher in Australia 
and Sweden then in the US cohort (Table 1, see Supplemen-
tary data).

Patient characteristics
THA sex was predominantly female in all 3 countries. 
However, Australia had a higher proportion of males 

than the US and Swedish cohorts. The US cohort was  
younger than both Australian and Swedish cohorts. 
Sweden had the lowest proportion of obese patients and 
lowest ASA scores of the 3 cohorts (Table 2, see Supple-
mentary data).

Surgical techniques
Cement fixation was used predominantly in Sweden while 
cementless fixation was used more frequently in the United 
States and Australia. The percentage of hybrid fixation was 
higher in Australia than for the US cohort and in Sweden. 
The posterior approach was the main surgical approach for 
all countries. However, the direct anterior approach used in 
Australia and the United States was not adopted in Sweden 
during the study period (Tables 3 and 4, see Supplementary 
data). 

Implant characteristics
While metal-on-highly cross-linked polyethylene (HXLPE) 
was used more frequently in the United States and Australia, 
metal-on-conventional bearing surface was used more often in 
Sweden, especially during the early part of the period studied. 
Ceramic-on-ceramic was used more frequently in Australia 
and rarely in Sweden. Ceramic-on-HXLPE was used more 
frequently in the US cohort (Table 4, see Supplementary data).  
In all countries, metal-on-metal bearing surfaces decreased, 
in Sweden from a few hundred to zero. In all 3 countries, the 
use of ceramic-on-HXLPE increased during the study period 
(Figure 1). 

Femoral head size 
Femoral head size use differed across countries with Sweden 
using smaller head sizes (i.e., ≤ 28 mm and 32 mm) whereas 
the US and Australian cohorts had a greater proportion of 36 
mm and larger head sizes (Table 4). The use of 32 mm femoral 
head size became more prominent in Sweden during the study 
period (Figure 2). 
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Figure 1. THA implant bearing surfaces by country.
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Hospital annual volume
Hospital volume was similar across US and Swedish cohorts. 
However, Australia had a higher percentage of low volume 
facilities compared with the United States and Sweden (Table 
5, see Supplementary data).

Outcomes
THA survival at 5 years was higher in Sweden (97.8%, CI 
97.8–97.9) than the US (97.0%, CI 96.7–97.2), and Australian 
(96.3%, CI 96.2–96.4) cohorts. The US cohort had a higher 
5-year THA survivorship than the Australian.

THA survival at 10 years was higher in Sweden (95.8%, 
CI 95.6–95.9) than for the US cohort (95.2%, CI 94.7–95.6) 
and in Australia (93.5%, CI 93.4–93.7). The US cohort had 
a higher 10-year THA survivorship than Australia (Table 6, 
Figure 3, see Supplementary data). 

The most frequent reasons for revisions differed across the 
countries. Aseptic loosening was higher in Sweden along with 
infection (Figure 4, see Supplementary data). Instability was 
a more common reason for revision in the US cohort than in 
Sweden and Australia.

Discussion

This study provides the first comprehensive assessment of US, 
Swedish, and Australian THA practice patterns and outcomes, 
and identifies variation between countries in patient charac-
teristics, fixation, implant characteristics, and THA implant 
survival. 

Patient characteristics
First, the study highlights variation in the incidence of primary 
THA for OA with Sweden and Australia having a higher annual 
incidence rate than the US cohort. Our findings are consistent 
with other reports of variation in international total hip inci-
dence rates (Merx et al. 2003). Differences in incidence rates 

may reflect the younger population in the US health system, 
an actual variation in diagnoses leading to THA, differences 
in diagnostic accuracy and indications for surgical treatment, 
varying access to care in the different healthcare systems, or 
possibly variation in population demand. 

Second, patient characteristics appear to differ across coun-
tries with Sweden reporting lower BMI and ASA scores than 
Australia and the United States. This finding is consistent with 
other studies that have indicated a higher BMI in the US popu-
lation (ProCon.org 2011). Differences in ASA scores could 
reflect a healthier population in Sweden but could also rep-
resent variations in coding practices across the countries. In 
addition to differences in BMI and comorbidities, cohorts also 
differed in age distribution with the US group having a younger 
THA population. This may reflect differences in thresholds for 
operating on younger patients or varying access to care across 
the different healthcare systems. The differences in patient 
characteristics emphasize the need to adjust for this variation 
when examining THA outcomes across countries.

Surgical techniques
Although the posterior approach was used most frequently 
in all 3 countries, Sweden did not utilize the direct anterior 
approach. Several systematic reviews and registry studies sug-
gest that the anterior approach is associated with lower dis-
location and revision rates (Barrett et al. 2013, Higgins et al. 
2015, Sheth et al. 2015, Miller et al. 2018a, b). However, these 
studies focused on short-term and functional outcomes with-
out any certain conclusions concerning longer term revision 
rates. Despite differences in surgical approaches, Sweden had 
lower THA revision rates than the US cohort and Australia.

Fixation and implant characteristics 
Another identified difference was type of THA fixation used 
in the different countries. While Sweden used cement fixation 
more frequently, US and Australian practices were predomi-
nantly cementless. Studies examining fixation seem to suggest 

Figure 2. THA implant head size by country.
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an advantage for cement fixation, especially in older patients 
(SHAR 2009, Hailer et al. 2010, AOANJRR 2017, Phedy et 
al. 2017). Future studies comparing international variations 
should account for fixation types and implants to fully evalu-
ate differences in THA implant survival.

Type of THA bearing surface also differed across countries 
with Sweden adopting more metal-on-conventional polyethyl-
ene. Several large registry studies have identified a higher revi-
sion rate in metal-on-conventional bearing surface than metal-
on-HXLPE (AOANJRR 2013, Paxton et al. 2015). However, 
this difference may be prosthesis-dependent (Johanson et al. 
2017). Sweden’s use of metal-on-conventional has decreased 
and the use of metal-on-HXLPE increased during the study 
period. Sweden also adopted less large head size metal-on-
metal, which has been reported as having a higher risk of THA 
revision (AOANJRR 2008). The use of large head size metal-
on-metal decreased in both the United States and Australia. In 
all 3 countries, the use of ceramic-on-HXLPE bearing surface 
increased. While the Australian registry reports lower revi-
sion rates in ceramic-on-HXLPE compared with metal-on-
HXLPE, a recent US study indicated similar revision rates 
among these bearing surfaces but higher dislocation rates in 
ceramic versus metal femoral heads of < 32 mm, suggesting 
both head size and bearing surface material influence risk of 
revision (AOANJRR 2017, Cafri et al. 2017). 

Hospital volume
Annual hospital volume also differed across countries. While 
hospital volumes were similar in Sweden and the US cohort, 
the Australian registry had a higher number of cases per-
formed at low-volume hospitals. Lower hospital volume has 
been identified in relationship to higher complication rates 
and readmissions (Dy et al. 2014, Laucis et al. 2016, Sibley 
et al. 2017). Evaluating further the effects of hospital volume 
may identify potential areas of focus for quality improvement 
within healthcare systems. 

THA survival
In evaluating THA survival, all 3 countries had 5- and 10-year 
THA implant survival estimates above 95%. 5- and 10-year 
implant survival was highest in Sweden and lowest in Aus-
tralia. Differences in survival could possibly be related to dif-
ferent thresholds for revision THA surgery in those countries. 
Most likely, however, the difference THA survival is related 
to the degree of variation in implant selection between the 
countries. While Sweden and the US cohort used a limited 
number of implants during this timeframe, Australia had much 
greater variation in THA implant models. In Australia alone, 
over 2,000 cup and stem combinations were used. 78 different 
THA acetabular cups and stem model combinations have been 
used with 10-year follow-up and cumulative percentage revi-
sion rates ranging from 2% to 46%. Only 35% of these com-
binations had less than a 5% 10-year cumulative percentage 
revision (AOANJRR 2017). In comparison, Sweden’s 10-year 

THA survival ranged from 94.4% to 98.1% based on a more 
restricted use of cup/stem combinations. In Sweden, 6 stems 
and 15 cups accounted for over 90% of the implant usage 
(SHAR 2016). This suggests that implant selection plays a 
key role in THA survival. The comparison of specific implant 
performance in similar patients with similar techniques must 
be evaluated to understand the underlying source of this inter-
national variation in THA survival. 

In addition to differences in revision rates, the reasons for 
revision also differed across countries. Sweden had a higher 
percentage of aseptic loosening than the US and Australian 
cohorts, which could be related to the higher percentage of 
metal-on-conventional polyethylene use in Sweden during 
the study period. The US cohort had a higher percentage of 
pain as the revision diagnosis. Revision due to pain and asep-
tic loosening combined in the US group was comparable to 
aseptic loosening diagnosis in both Sweden and Australia, 
suggesting aseptic loosening maybe the underlying diagnosis 
of pain in the US cohort. Revision diagnosis of infection was 
higher in Sweden than in the other countries. The US cohort 
had a higher rate of revision due to instability despite the use 
of larger femoral head sizes and the direct anterior approach. 
This most likely reflects the predominant use of uncemented 
cups in the US cohort, which has been reported to have more 
instability than cemented cups (Conroy et al. 2008). Differ-
ences in revision diagnoses may be related to the different 
underlying mechanisms of failure related to different implant 
usage and indications but could also be related to variation 
in surgeon documentation and definitions across registries, 
again emphasizing the need for standardized, global revision 
definitions to conduct international comparisons of THA out-
comes. 

This study has both strengths and limitations. The strengths 
of this study include the large registry data sets with high-
quality data and minimal loss to follow-up. In addition, regis-
tries provide real-world data with high generalizability/exter-
nal validity. Limitations include the descriptive nature of the 
study, which has not been adjusted for confounders, the obser-
vational study design limiting causality, and the use of only 
one US integrated healthcare system. In addition, although 
countries differed in patient, implant, and surgical factors, the 
difference in THA survival may be interpreted as not being 
clinically relevant due to the small differences. However, 
this study emphasizes there are differences in THA survival 
overall and further research needs to be conducted to evaluate 
THA outcomes by specific types of prostheses while control-
ling for patient, surgical, and hospital factors.  

In summary, patient characteristics, surgical techniques, 
and implant selection differs across the 3 countries, empha-
sizing the need to address regional and national differences 
in demographics, surgical techniques, implants, and the need 
for global standardized definitions to compare results across 
existing registries and to develop international THA bench-
marking standards. 
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Supplementary data
Tables 1–6 and Figures 3–4 are available as supplementary 
data in the online version of this article, http://dx.doi.org/ 
10.1080/17453674.2019.1574395
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