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Abstract
Background Despite existing studies favoring cemented
fixation for patients older than 75 years, a trend toward in-
creased use of uncemented fixation has been described in a
2013 study that used arthroplasty registry data from 2006 to
2010. Updated summarized data are needed beyond 2010 to
investigate contemporary trends in the usage of uncemented
fixation, especially in patients older than 75 years, and to
draw attention to a potential continuing conflict between
trends in fixation choice and reported revision risk. Thus,

healthcare policy and practice can change and surgeons can
make better implant fixation choices.
Questions/purposes (1) Has the percentage of primary
THAs performed with uncemented fixation changed since
2010? (2) Has the percentage of primary THAs performed
in patients older than 75 years performed with uncemented
fixation changed since 2010? (3) After stratifying by age,
which fixation strategy (cemented versus uncemented and
hybrid versus uncemented) is associated with the lowest
risk of revision?
Methods National annual reports from hip arthroplasty reg-
isters were identified, and data were extracted from registers
published in English or a Scandinavian language, with at least
3 years of reported data in the period from 2010 to 2017.
These includedAustralia,Denmark, England-Wales, Finland,
the Netherlands, New Zealand, Romania, Norway, Sweden,
and Switzerland, which are all countries with high com-
pleteness rates. Data regarding rates of revisions (all causes)
related to fixation methods and secondary to different age
groups, were taken directly from the registers and no re-
analysis was done. The risk estimateswere presented as either
hazard ratios, rate per 100 component years or as Kaplan-
Meier estimates of revision. The age groups compared for
Denmark were younger than 50, 50-59, 60-69,70-79, and
older than 80 years, and forAustralia, NewZealand, England-
Wales, and Finland, theywere younger than 55, 55-64, 65-74,
and older than 75 years. No data were pooled across the
registers.
Results The current use of uncemented fixation in primary
THAs varies between 24% (Sweden) and 71% (Denmark).
Increasing use of uncemented fixation has been reported in
Norway, Denmark, and Sweden, whereas decreasing use of
uncemented fixation has been reported in England-Wales,
Australia, New Zealand, and Finland. Examining the group
of patients older than 75 years, we found that the use

Each author certifies that neither he or she, nor any member of his
or her immediate family, has funding or commercial associations
(consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc.) that might pose a conflict of interest in con-
nection with the submitted article.
Each author certifies that his or her institution approved the
reporting of this investigation and that all investigations were
conducted in conformity with ethical principles of research.
This work was performed at Copenhagen University Hospital,
Hvidovre, Denmark.

K. I. Bunyoz, A. Troelsen, Department of Orthopaedic Surgery,
Copenhagen University Hospital, Hvidovre, Denmark

E. Malchau, H. Malchau, Department of Orthopaedics, Sahlgrenska
University Hospital, Gothenburg, Sweden

H. Malchau, Department of Orthopaedics, Massachusetts General
Hospital, Boston, MA, USA

K. I. Bunyoz (✉), Department of Orthopaedic Surgery, Copenhagen
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of uncemented fixation has been stable in Netherlands,
Sweden, New Zealand, and England-Wales. The use of
uncemented fixation is still increasing in Denmark and
Australia. In Finland, the use of uncemented fixation has
decreased (from 43 % to 24 %) from 2010 to 2017. When
compared with uncemented fixation, the risk of revision for
hips using cemented fixation was lower in patients older than
75 years for all registers surveyed, except for the oldest males
in the Finnish register. In this group, no difference was found
between cemented and uncemented fixation.
Conclusion Our findings should be used in healthcare
policy as feedback on current THAs being performed so as
to direct surgeons to choose the right implant fixation, es-
pecially in patients older than 75 years, thereby reducing
revision risk and increasing the long-term survival of pri-
mary THAs. It appears that femoral stem fixation may be
themost important revision risk factor in older patients, and
future studies should examine this perspective.
Level of Evidence Level III, therapeutic study.

Introduction

The most appropriate implant fixation choice in THA
remains a matter for debate. Uncemented fixation was in-
troduced to reduce the rates of aseptic loosening [33] seen
with cemented fixation, which was originally attributed to
“cement disease” [17]. Despite later studies showing that
aseptic loosening occurred with all fixation types [7, 21],
surgeons continued to use uncemented fixation. In a pre-
vious study, we found a worldwide shift toward unce-
mented fixation, which we described as an “uncemented
paradox” [32]. However, arthroplasty registry studies have
also shown that uncemented fixation is associated with
higher revision rates, particularly in older patients [6, 14,
19, 20, 26, 30, 32]. In addition, the increasing use of
uncemented fixation may be associated with increasing
rates of periprosthetic fractures [1, 18, 31].

The population of older people continues to grow both
in United States and Europe, and the demand for primary
THAs is likely to increase [10, 16, 23]. Therefore, con-
tinued efforts to keep the revision burden as low as possible
are warranted. In 2013, our group examined publicly
available annual reports of hip arthroplasty registries
worldwide from 2006 to 2010 to highlight the use of
uncemented fixation in THAs [32]. That study showed a
general increasing use of uncemented fixation in THAs;
further, the registry data suggested that cemented fixation
in patients older than 75 years is associated with the lowest
risk of revision. Updated, summarized, worldwide data are
needed as a follow-up to these findings, especially in
patients older than 75 years. Using registry data as feed-
back on the surgical work completed since 2010, it is
possible to draw attention to a potential continuing conflict

between trends in fixation choice and reported revision
risk. As a result, healthcare policy and practice can change,
leading to surgeons making better implant fixation choices,
which may increase THA survivorship.

As a follow-up to the previous published data by
Troelsen et al. [32], we therefore aimed to review the annual
reports of the established arthroplasty registers worldwide
(from 2010 to 2018) to answer the following questions:
(1) Has the percentage of primary THAs performed with
uncemented fixation changed since 2010? (2) Has the per-
centage of primary THAs performed in patients older than
75 years performed with uncemented fixation changed since
2010? (3) After stratifying by age, which fixation strategy
(cemented versus uncemented, and hybrid versus unce-
mented) is associated with the lowest risk of revision?

Methods and Materials

In our previous study [32], we used national hip arthroplasty
registry data from Australia, Canada, Denmark, England-
Wales, New Zealand, Norway, and Sweden. We selected
those registries because reports were available in English or
in a Scandinavian language and had a history of more than
5 years of data collection. In March 2019, we performed a
similar search. Countries with established national hip
arthroplasty registries included Australia, Austria, Belgium,
Canada, Croatia, Czech Republic, Denmark, England-
Wales, Finland, France, Germany, Hungary, India, Ireland,
Italy, Lithuania, the Netherlands, New Zealand, Norway,
Pakistan, Portugal, Romania, Scotland, Slovakia, Slovenia,
South Africa, Spain, Sweden, Switzerland, Turkey, and the
United States.

We included national hip arthroplasty registers that
(1) publish data in English or in a Scandinavian language,
(2) have at least 3 years of collected data in the studied
period, and (3) have data describing the current use of
uncemented fixation. If an annual report was not available
online, we contacted the arthroplasty register by email and
requested the report.

We ultimately included national data from Australia [3],
Denmark [7], England-Wales [21], Finland [11], New
Zealand [22], Romania [25], Norway [24], Sweden [28], the
Netherlands [9] and Switzerland [29], which are all countries
with high numbers of completeness. In general data from the
registers are considered reliable because compliance is high,
and the validity of data is well examined. In addition, ad-
ministrative databases in general account for deceased
patients and those who have immigrated. We reviewed all
annual reports from the included registers in March 2019.
First, we extracted data regarding year of initiation, com-
pleteness, number of primary THAs reported, and last year of
follow-up (Table 1). Completeness is the percentage of pro-
cedures reported to the registry of the actual number
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performed. We evaluated the current use of uncemented fix-
ation in primary THAs as a percentage of all primary THAs,
the current use of uncemented fixation in primary THAs as a
percentage of all primary THAs in patients older than 75
years, and age-stratified risk estimates of revision when
comparing different fixation techniques used during the pri-
mary THA. No data from across registries were pooled.

The participants included all patients who received an
uncemented THA from 2010 to 2017 presented in the na-
tional registers. As for the use of uncemented fixation in
primary THAs, in patients older than 75 years, the partic-
ipants included all patients receiving an uncemented fixation
THA in the years from 2010 to 2017.This could be extracted
from Australia (older than 75), Denmark (older than 70),
England andWales (older than 75), Finland (older than 75),
the Netherlands (older than 80), New Zealand (older than
75), Norway (older than 75), and Sweden (older than 80).

Our primary study outcome of interest was revision risk
in different age groups (all causes) using different fixation
techniques. The age groups compared for Denmark were as
follows: younger than 50, 50-59, 60-69,70-79, older than
80 years while for Australia, New Zealand, England-Wales
and Finland, the compared age groups were: younger than
55, 55-64, 65-74, older than 75 years. Our secondary study
outcome was the level of uncemented fixation use in per-
centage for every year since 2010.

Statistical Analysis

Descriptive statistics were applied. Data regarding the cur-
rent use of uncemented fixation in the included countries
were presented as percentages of all fixation techniques
used, thus establishing a trend of uncemented fixation for
each country in the period of 2011 to 2018.

The current use of uncemented in patients older than
75 years has been presented as a percentage of all fixa-
tion techniques used in this age group. For New Zealand,
England-Wales andAustralia though, these data could not be
extracted directly from the annual reports and data was
therefore extracted by using previous reports to subtract
historical data from the data reported. Thiswas done inExcel.
The data regarding age-stratified risk estimates of revision
was extracted directly from the annual report of the registries.
For England-Wales and Finland, the risk estimated were
reported for each sex separately. For Denmark and Australia,
the risk estimates were reported as hazard ratios, for New
Zealand as rate per 100 component years and for England-
Wales and Finland as Kaplan-Meier estimates of revision
(see Appendix, Supplemental Digital Content 1, http://links.
lww.com/CORR/A287). We then grouped and colored the
age-stratified risk estimates of revision according to whether
statistical significance was observed. No re-analysis was
done. Statistical significance was defined as p value < 0.05.

Results

The Trend of Uncemented Fixation in THAs
from 2010-2017

In the Scandinavian countries, the percentage of primary
THAs performed with uncemented fixation have slowly
been increasing since 2010, while the rest of the included
countries have decreasing numbers of uncemented fixation.

In 2017, the use of uncemented fixation varied between
24% (Sweden) and 71% (Denmark) of all THAs reported in
the included arthroplasty registers (Fig. 1). From 2010 to
2017, the use of uncemented fixation increased: Norway
(25%-38%),Denmark (68%-71%), and Sweden (15%-24%).

Table 1. Registry of data for THAs

Country
Year of
initiation

Completeness–latest
published numbers

Number of
primary

THAs reported
Last year of
follow-up

Denmark 1995 97.6a (2017) 172,166 December 2017

Australia 1999 98.2c (2017) 437,863 December 2017

Norway 1987 96.9a (2015 & 2016) 190,208 December 2017

Sweden 1979 98.3a (2017) 388,046 December 2017

New Zealand 1997 95a (since 1997) 126,396 December 2017

Finland 1980 86.1a (2017) 201,530 June 2018

England-Wales 2003 99b (2014 & 2015) 992,090 March 2018

Netherlands 2007 99a (2017) 215,380 December 2017

Switzerland 2012 89.4a (2016) 76,286 December 2016

Romania 2001 99.2a (2015) 76,565 December 2015

aCompleteness only hip arthroplasties.
bCompleteness hip and knee arthroplasties.
cCompleteness hip, knee and shoulder arthroplasties.
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In contrast, use has slowly decreased during the past 7 years
in England-Wales (43%-37.8%),Australia (65%-63%), New
Zealand (51%-48%), and Finland (71%-49%). Switzerland
had the highest number of uncemented fixation procedures,
which was stable from2012 to 2016; 2017 numbers were not
available.

Trend of Uncemented Fixation in THAs from
2010-2017 in Patients Older Than 75 years

The use of uncemented fixation in patients older than 75
years still varies substantially between the included
countries. From 2010 to 2017, the use of uncemented
fixation in patients older than 75 years increased in
Denmark (42%-53%) and Australia (40%-47%). In
comparison, the use of uncemented fixation declined be-
tween 2010 and 2017 in Finland (43%-24%) and Norway
(21%-15%). During this same approximate timeframe,
uncemented fixation use has generally been stable in
Sweden (2.5%-2%), the Netherlands (37.5%-38.6%),
New-Zealand (12%-15%) and England-Wales (24%-
25%) (Fig. 2). Data from the Netherlands was not avail-
able for this group before 2015.

After Stratifying by Age, Which Fixation Strategy
(Cemented Versus Uncemented and Hybrid Versus
Uncemented) Is Associated with the Lowest Risk
of Revision?

In patients older than 75 years, cemented THA has
the overall lowest risk of revision, this was followed

by hybrid fixation and then uncemented fixation.
Comparing cemented fixation with uncemented fixation,
the above pattern was true in Denmark (older than 70
years), Australia (older than 75 years), England and
Wales (older than 75 years), New Zealand (older than 75
years) and Finland (females older than 75 years). The
pattern was not seen in Finnish males (older than 75
years), where there was no difference in the risk of re-
vision (Fig. 3).

Comparing hybrid fixation (cemented femur) with
uncemented fixation the pattern was true in Denmark
(older than 80 years), Australia (older than 75 years), New
Zealand (older than 75 years) England and Wales (females
older than 75 years), and Finland (females older than
75 years).

We did not see this pattern in Denmark (70-79 years),
England and Wales (males older than 75 years), or Finland
(males older than 75 years), where we found no difference
in revision rates (Fig. 4). In a younger population of males,
uncemented fixation still has a clear advantage.

Discussion

The most appropriate choice for implant fixation in THA
remains a matter for debate, with both cemented and
uncemented methods yielding high levels of durable
success. However, arthroplasty registry studies have also
shown that uncemented fixation is associated with higher
revision rates, particularly in older patients. In a previous
study, we found a worldwide shift toward uncemented
fixation, which we described as an “uncemented para-
dox.” Since that study 10 years ago, substantially more

Fig. 1 This graph shows the percentages of uncemented fixation of all primary THAs
performed each year from 2011 to 2017. Romania only had data from 2011 to 2015, the
Netherlands only had data from 2015 to 2017, and Switzerland only had data from 2012 to
2016. Numbers from 2010 are from the study of Troelsen et al. [32].

700 Bunyoz et al. Clinical Orthopaedics and Related Research®

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



patients have undergone hip arthroplasty, and many more
countries have instituted registries. Thus, we reviewed the
annual reports of the established arthroplasty registers
worldwide (from 2010 to 2018) to answer the following
questions: (1) Has the percentage of primary THAs per-
formed with uncemented fixation changed since 2010? (2)
Has the percentage of primary THAs performed in
patients older than 75 years performed with uncemented
fixation changed since 2010? (3) After stratifying by age,

which fixation strategy (cemented versus uncemented and
hybrid versus uncemented) is associated with the lowest
risk of revision?

Limitations

This study is based on publicly available annual reports
from hip arthroplasty registers. We could not assess raw

Fig. 2 This graph shows the percentages of uncemented fixation of all THAs performed in
patients older than 70 years from 2011 to 2017. Data could not be extracted for Denmark
from 2011 to 2013 and from the Netherlands from 2011 to 2015. Numbers from 2010 are
from the study by Troelsen et al. [32].

Fig. 3 This figure shows the risk profiles for cemented fixation and uncemented fixation.
White = statistically significant lower risk of revision after cemented versus uncemented
fixation (p < 0.05). Gray = no statistically significant difference in the risk of revision after
cemented versus uncemented fixation. Black = statistically significant greater risk of re-
vision after cemented fixation versus uncemented fixation (p < 0.05). Orange = data not
available. DK = Denmark; AUS = Australia; NZ = New Zealand; E-W = England-Wales; FIN =
Finland.
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data from the registers; therefore, we could not adjust for
confounders such as bearing surface, activity, and comor-
bidities, and we could not perform an additional analysis on
raw data. Regarding the age-stratified risk estimated for
revision, this data represents all-cause revisions, and
therefore, we did not adjust for the reason for revision. Of
course, some reasons for revision are unrelated to fixation,
but we believe this confounder may be equally distributed
across the registries. It was neither possible to account for
different bearing surfaces (for example metal-on-metal and
cross-linked polyethylene liners). However, we believe
that this does not interfere substantially with our findings as
our main focus has been on patients older than 75 years,
and many of the novel bearings, such as metal-on-metal,
were used primarily in younger patients. We also note that
different arthroplasty registers do not report data using
uniform outcome measures and risk stratification (hazard
ratios, revision rate per 100 component years, and Kaplan-
Meier cumulative revision risk), and the same registers
may even present the data differently from year to year,
which makes it more difficult to compare data. Despite this
limitation, the registers provide information on large
numbers of patients with high levels of followup.
Therefore, the results from the registers provide some of
the best estimates of revision risk. The registries we used
arise from countries that differ substantially in terms of
population as well as levels of ethnic and social homoge-
neity, but we do not find that data quality depends on
country size and population numbers. Of interest, several
Scandinavian countries, such as Denmark, Norway, and

Sweden have similarly homogeneous populations, but
demonstrate substantial variations in the use of unce-
mented or cemented fixation.

Proportion of THAs Performed with
Cementless Fixation

In the Scandinavian countries, we found the percentage of
primary THAs performed with uncemented fixation has
slowly been increasing since 2010, while the rest of the
included countries have decreasing numbers of unce-
mented fixation. There is substantial variation from country
to country in howmuch uncemented fixation are used (24%
to 71%). In our previous study, an increasing trend toward
the use of uncemented fixation was observed up until 2010,
irrespective of geography [32]. This seems to have
changed, probably because of the increased worldwide
focus on this trend. The increasing use trend in the
Scandinavian countries is difficult to explain because these
countries have very substantial variation in their use of
uncemented fixation.

Proportion of THAs Performed with Cementless
Fixation in Patients Older Than 75 years

We found that the use of uncemented fixation in patients
older than 75 years still varies between the included
countries. In some countries, the number of uncemented

Fig. 4 This figure shows the risk profiles for hybrid fixation (cemented femur) and unce-
mented fixation. White = statistically significant lower risk of revision after hybrid versus
uncemented fixation (p < 0.05). Gray = no statistically significant difference in the risk of
revision after hybrid versus uncemented fixation. Black = statistically significant greater risk
of revision after hybrid versus uncemented fixation (p < 0.05). Orange = data not available.
DK = Denmark; AUS = Australia; NZ = New Zealand; E-W = England-Wales; FIN = Finland.
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fixations have remained constant since 2010, whereas there
has been a drop or an increase in other countries. The sta-
bilization and the drop in the use of uncemented fixation in
patients older than 75 years can be attributable to an in-
creased awareness in these countries of the benefits of
cemented fixation in this age group, shown by our previous
study [32] and other studies that support this evidence [14,
20, 30]. We caution, however, that most of these reflect
data from only one register. Thus, updated summarized
data from more than one register may be needed to better
assess worldwide trends.

Risk of Revision by Fixation Type

We found that in patients older than 75 years, cemented
THA has the overall lowest risk of revision, followed by
hybrid fixation and then by uncemented fixation. This
confirms our previous findings [32]. This does not appear
to be related to variations in performance of specific
implants. Reviewing Australian registry data, Tanzer et al.
[30] found that uncemented fixation in patients older than
75 years was associated with a higher early rate of revision,
even when only the best-performing prostheses were
compared. In 2017, using registry data from Australia,
Finland, Denmark and Italy, Hughes et al. [15] showed that
certain cemented prostheses performed better than the best
uncemented prosthesis. Additionally, Sheridan et al. [26]
showed that cemented THAs have the best 10-year all-
cause revision rates. Because we found that hybrid fixation
has a lower risk of revision compared with cementless
fixation, we surmise that the use of cemented stems could
actually be the most important aspect regarding revision
risk in patients older than 75 years. This could be explained
by the general loss of bone mass and bone strength as well
as anatomic change of the femoral canal in older people,
which increase fracture risk [5, 8]. However, we found no
difference between hybrid fixation and uncemented fixa-
tion looking at males older than 75 years in England and
Wales and Finland, although there was a clear difference in
females. This may reflect better bone quality in male
patients and a lower prevalence of osteoporosis, whichmay
also account for a higher risk of periprosthetic fractures in
female patients than in male patients [2, 4, 8, 12, 27]. In
addition, uncemented fixation has been associated with
increasing rates of periprosthetic fractures [1, 12, 31].
Therefore, the choice of fixation technique in older female
patients needs additional scrutiny. Further studies com-
paring cemented fixation with hybrid fixation may be
helpful. Considering the role of primary femoral fixation in
survival of a first revision arthroplasty, Gromov et al. [13]
found an increased risk of re-revision of primary THAs
with a cementless femoral component. Despite adjustment
for potential confounders, this was seen in all patients. This

finding further highlights the importance of best choice of
fixation technique in primary THAs because it affects the
revision burden and patterns until the second revision.

Conclusions

We found little evidence for sustained worldwide trends in
changes of the proportion of cemented versus uncemented
femoral fixation. In Scandinavia, the percentage of primary
THAs performed with uncemented fixation has increased
since 2010, in contrast to other countries that show
decreases. We also found that in patients older than 75
years, cemented THA still has the overall lowest risk of
revision followed by hybrid fixation and then uncemented
fixation. As such, we recommend that cemented femoral
stems be considered the implants of choice for older
patients. Continued evaluation of hybrid fixation versus
fully cemented fixation, particularly in patients older than
75 years of age, should be encouraged. Finally, both
trainees and practicing arthroplasty surgeons should ensure
that they acquire andmaintain the technical skills needed to
perform cemented hip arthroplasty.
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