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Abstract
Introduction  Total hip arthroplasty (THA) rates have increased dramatically in the recent decades worldwide, with Germany 
being one of the leading countries in the prevalence of THA. Simultaneously, a rising number of revision procedures is 
expected, which will put an enormous economic burden on future health care systems.
Methods  Nationwide data provided by the Federal Statistical Office of Germany were used to quantify primary and revision 
arthroplasty rates as a function of age and gender. Projections were performed with use of Negative Binomial and Poisson 
regression models on historical procedure rates in relation to population projections from 2020 to 2060.
Results  A 62% increase in the incidence rate of primary THAs is projected until 2060. At the same time, the annual total 
number of revision procedures is forecast to rise about 40% by the year 2060. The highest numbers of revision arthroplasties 
were calculated around year 2043. The greatest proportions of revision surgery will be observed in women and in those aged 
70 years or older. The revision burden is projected to stabilize around 15% by 2060.
Conclusions  The present projections allow a quantification of the increasing economic burden that (revision) THA will place 
on the German health care system in the upcoming decades. This study may serve as a model for other countries with similar 
demographic development as the country-specific approach predicts a substantial increase in the number of these procedures. 
This highlights the need for appropriate financial and human resource management in the future.
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Introduction

Despite varying incidences of total hip arthroplasty (THA) 
in different countries [1–4], a future increase in total number 
has been predicted worldwide. Many reasons for this trend 
have to be taken into account, including not only the demo-
graphic change of the general population and the increase 
of unfavorable risk factors (obesity, osteoathritis), but also 
a steadily rising number of studies reporting the benefits in 
patients’ quality of life and function, which has led to an 
expansion of surgical indications over time [5]. While in the 
United States (and also in some European countries like the 
UK, France or Scandinavia) the population is still growing 
due to high immigration and fertility rates, the demographic 
and economic characteristics of the United States cannot 
be generalized to other industrialized countries, although 
the global demographic pattern is similar around the world. 
Germany and others (such as Italy, Russia or most Eastern 
European countries) face population declines in the near 
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future due to lower birth and immigration rates, that are 
unable to make up for the aging of the population. Based 
on current projections, many other countries will likely be 
heading in the same direction within the next few decades 
[6]. In Germany, the incidence of THA is amongst the high-
est around the world, due to a relatively old population and 
a social healthcare system, which provides almost unlimited 
access to all parts of orthopedic treatment. However, as the 
working population is shrinking and increasingly aging, the 
healthcare system faces the challenge of higher demand and 
costs.

Simultaneously, nations will inevitably be confronted 
with the challenge of a rising number of revision procedures. 
Revision may be due to deep infection, aseptic loosening, 
instability, periprosthetic fracture, prosthetic failure and 
wear as well as unexplained pain, to list the most common 
causes. In contrast to primary THA, revision THA is techni-
cally more demanding requiring extensive surgical exposure 
and careful management of periprosthetic bone loss [7–9]. 
Furthermore, higher hospital cost, longer length of stay, and 
longer operative time along with an associated higher perio-
perative risk of complications and mortality [10, 11] add to 
the complexity of revision THA [12], emphasizing its great 
economic burden.

In Germany, the incidence of THA is one of the highest 
worldwide and currently ranked second among the countries 
of the Organization for Economic Cooperation and Develop-
ment (OECD), accounting for over 230,000 operations (283 
THA per 100,000 residents) in 2016. According to national 
projections [4], this rate might further rise considerably due 
to the demographic change in the upcoming years. Subse-
quently, the implications of the constantly aging population, 
with a higher rate of comorbidities and risk for revision sur-
gery, will certainly affect the inpatient care.

Therefore, the aim of the current study was to provide 
reliable projections regarding the demand for primary and 
revision arthroplasties which are crucial for political deci-
sion-makers and also for other stakeholders like insurances, 
industry or hospitals.

Patients and methods

Although the German national registry for hip and knee 
arthroplasties (Endoprothesenregister Deutschland, EPRD) 
has been constantly evolving since its establishment in 2010, 
the completeness of coverage reached just around 60% in 
2017 [13]. Therefore, the current analysis was not based on 
the data from this registry, but from the national inpatient 
statistics of Germany. This national database contains all 
annual inpatient discharge reports performed in German 
hospitals and medical institutions, with the exception of 
military and psychiatric facilities. The data are based on 

the International Statistical Classification of Diseases and 
Related Health Problems, Tenth Edition (ICD-10) and the 
German procedure classification system (OPS), which is the 
official classification system for encoding surgical proce-
dures in Germany. These statistics contain anonymized data 
from the Federal Bureau of Statistics, sustaining plausibil-
ity checks and data validations on a medical and economic 
level. All cases reported between 2007 and 2017 were ana-
lyzed based on the corresponding OPS codes in its actual 
version (See Table 1, Supplementary material). During 
the study period, no coding changes were performed. Age 
was categorized in 11 groups:  < 45, 45–49, 50–54, 55–59, 
60–64, 65–69, 70–74, 75–79, 80–84, 85–89, and 90 years 
and older.

Population data were available from the official statis-
tics of population projection until 2060 [14]. These popula-
tion projections take into account of future mortality, and 
immigration rate (Fig. 1). The projection model was based 
on a moderate life expectancy (male: 84.4 years, female: 
88.1 years) with constant trend of birth (1.55 children per 
female) and death rates and a higher rate of immigration 
(immigration rate: 250,000 per year).

Statistics

The annual incidence and prevalence of primary and revi-
sion THA was modelled by means of Negative Binomial 
and Poisson regression techniques, respectively, using age, 
gender and calendar year as covariates to account for differ-
ences in prevalence among population subgroups as well as 
changes over time.

Models were fit based both on the Negative Binomial dis-
tribution and Quasi-Poisson likelihood, and over-dispersion 
was accounted for using the SAS procedure genmod. The 
two model approaches yielded virtually identical results. 
Given that the Pearson Chi-Square residuals displayed less 
spread using the Negative Binomial distribution, all analyses 
were finally carried out using the Negative Binomial model 
(Table 2 and Fig. 1, Supplementary material).

The incidence rates (IR) were calculated by dividing the 
estimated number of arthroplasties for the national total and 
for each age subgroup by the corresponding official popula-
tion forecast.

As the incidence rate from 2007 to 2017 displayed a 
non-linear pattern (see also Fig. 4), it was inappropriate 
to fit a parametric slope. Instead, the average incidence for 
2007–2017 was used to represent baseline incidence for pre-
dictions which also accounted for the changing population 
at risk over time (i.e., due to changing demographics or age 
structure of the population). Expected mean incidence was 
adjusted for population size using age-specific population 
numbers.
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For further investigation, we separately modeled the num-
ber of revision arthroplasties and revision procedures without 
change of the implant, as well as THA removals, to analyze 
possible differences and changes over time, regarding one-
stage or two-stage revision surgery.

Additionally, we estimated the revision burden by dividing 
the number of revisions in the form of replacements or extrac-
tions by the number of all primary and revision hip arthro-
plasties based on the baseline years (2007–2017), which is a 
concept previously introduced by Malchau et al. [15].

All statistical analyses were performed with SAS version 
9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Baseline years: 2007–2017

From 2007 to 2017, a total of 2,395,113 primary hip 
arthroplasties were recorded in Germany. During that 
time, the annual number of procedures rose from 204,018 
in 2007 to 238,072 in 2017, representing an increase of 
16.7% (Table 1). With repect to the population growth, 
the annual overall incidence changed substantially from 
248 per 100,000 to 292 per 100,000 residents (P < 0.001).
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Fig. 1   a–c Comparison of population, age group and gender distribution 2007 and 2060
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At the same time, 379,960 revision procedures of THA 
were performed, with the annual total number and the inci-
dence (43.4 per 100,000 inhabitants in 2007 and 43.8 per 
100,000 in 2017) remaining fairly constant over time. Due 
to the rising number of primary THA, the revision burden 
decreased from 14.6% in 2007 to 13.2% in 2017, which, in 
contrast, did not reach statistical significance (P > 0.05). 
While the total number and incidence of revision arthro-
plasties showed no significant change during the study 
period, the number of revisions without change of the pri-
mary implant substantially decreased (− 20.4%). At the 
same time, a rising number of THA removals (+ 35.6%) 
has been reported, indicating a possibly greater utilization 
of two or multi-stage revision surgery.

Overall, women had a 1.2 times higher relative risk for 
revision surgery compared to men, the number of which 
increases significantly towards higher age, with an over 
twofold higher relative risk among females in patients 
aged 80 and older.

Projection years: 2018–2060

Based on our projection models, we project a 62% increase 
in the incidence rate of primary THAs between 2018 and 
2060 for Germany (2018: IR = 287.2 per 100,000, [95% 
CI 280.9–293.6 per 100,000] versus 2060: IR = 402.5 per 
100,000, [95% CI 393.6–411.5 per 100,000]) (Fig.  2), 
leading to a projected total number of 271,223 primary 
THAs in 2060 (95% CI 265,279–277,301). The highest 
increase in patients was modeled in patients older than 
80 years, which will increase over 70%; whereas, hip 
replacements in younger patients are forecast to follow a 
constant or even negative trend (Fig. 3).

Overall, the annual total number of revision proce-
dures (all procedures relating to the index arthroplasty) is 
expected to rise about 40% by the year 2060, accounting 
for 47,794 (95% CI44,405–51,455; IR = 70.6 per 100,000, 
95% CI 66.5–75.7) procedures (Fig. 4). Revision arthro-
plasties are projected to grow from 28,231 in 2017 to 
37,773 (95% CI 35,125–40,558) in 2060, which represent 
an increase of 34%, while the number of THA remov-
als is forecasedt to grow moderately to 5,040 (95% CI 
4730–5373) (+ 10%).

In total, the incidence of revision arthroplasties is pro-
jected to rise significantly to 55.7 per 100,000 residents 
(+ 40%) in 2060 (P < 0.01) (Fig. 5).

The highest numbers of revision arthroplasties and overall 
revision procedures are expected around year 2043, with a 
total number of 52,152 (95% CI 48,471–56,092) overall revi-
sion procedures and 41,283 (95% CI 38,431–44,348) revi-
sion arthroplasties. These numbers represent an increase of 
over 44%.Ta
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On the basis of these estimates, the revision burden for 
total hip replacements is projected to stabilize around 15% 
by 2060.

We observed the greatest proportions of revision THA in 
women and in those aged 80 years or older (Fig. 6).

Discussion

Based on our analysis, we project a substantial increase in 
total number and incidence of primary and revision THA 
over the next four decades. The trend in demand combined 
with the increasing number of revision procedures represents 
an immense future burden for an already financially strained 
healthcare system. It emphasizes the need for qualified sur-
geons to meet the demand and further research to improve 
the reliability and survivorship of hip arthroplasties [2]. To 
our knowledge, this is the first study to provide quantifica-
tion of the demand for primary and revision hip arthroplas-
ties in Germany through 2060.

The analyses were modeled separately for females and 
males. Due to the change of demographics within the projec-
tion period, the highest numbers of hip revision surgery were 
calculated around year 2043, followed by a consistently high 
incidence until 2060. Incidences of revision arthroplasties 
were found to be markedly higher in females and patients 
aged 80 years or older.

Currently, there are few studies examining future trends 
relating to hip revision surgery, both internationally and spe-
cifically for Germany. Recently, Pilz et al. published pro-
jections of primary hip arthroplasty until the year of 2040. 
They found a growth rate of 27% in THA counts, whereas 
incidence rate remained constant over all age classes. Thus, 
the future demographic change to an older population as 
well as an increase in life expectancy, rather than a general 
increase in the operation frequency, was concluded to be the 
main reason for the increasing patient numbers [4].

In the present study, we provide an even longer-term pro-
jection span (by year 2060) and are also able to identify 
an increase of almost 62% until 2060 for primary THA in 
Germany. However, throughout the two decades following 
the year 2040, a gradual stabilization of the incidence rate 
can be identified, which can be interpreted as a sign of a 
potential saturation in demand. A similar development has 
already been reported for the four most common orthopedic/
trauma surgery diseases in Germany by Petzold et al. [16], 
who reported an increase in physician consultations until 
2040, with a subsequent decrease until 2050. The authors 
concluded that comprehensive needs assessment and plan-
ning are needed to create health care provision structures 
and processes that address potential changes in utilization 
behavior, emphasizing the need for reliable projections of 
future demand for the most common orthopedic procedures.

Although a direct comparison between different coun-
tries is complicated by various factors, such as different 

Fig. 2   Projected incidence of 
primary THA until 2060 (per 
100,000 individuals)
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demographics, inclusion criteria as well as social and eco-
nomic influences, the calculations appear to be consistent 
with the reports from other countries. Kurtz et al. [2] fore-
casted the highest growth of 174% between 2005 and 2030 
in the United States, whereas a 66% increase in the incidence 
rate of primary THA between 2013 and 2046 is projected 
for Australia [1]. Presumably due to decreasing population 
numbers (i.e., lower birth rates), the growth rate is less pro-
nounced in European populations. Culliford et al. predicted 
an increase of 32% from 2015 to 2035 in the UK [17] and a 
Swedish publication reported a 25% increase in THA from 
2013 to 2030 [3].

Regarding projection of revision THA, only few pub-
lications are available in the literature, whereas none 
can be found for Germany. A recent publication from 

France predicted a 43.8% or 43.5% increase for the period 
2018–2050, depending on different scenarios that were 
calculated [18]. These projections can be confirmed by the 
calculations of the present study with an overall increase of 
revision THA of 40% in Germany until 2060. In the USA, 
the total number of revision arthroplasty procedures per-
formed in 2005 was calculated to double by the year 2026, 
with an increase of 137% until 2030 [2].

The increase in revision surgeries following THA seems 
to be a result of the combination of trends, such as higher 
implantation numbers of primary THA, younger surgical 
candidates, and increasing life expectancy, resulting in an 
increased population at risk [19]. Additionally, the incidence 
of obesity is postulated to increase the rate of primary THA 
as obese patients might develop arthritis at an earlier stage 

Fig. 3   Projected total number of 
primary THAs per age group of 
men (a) and women (b)
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[20]. This will also affect the rates of revision surgery as 
primary THA again will be potentially performed in younger 
patients, who may require revision surgery at an earlier stage 
[21].

When taking a historical view, revision THA volume in 
the USA increased from 28,429 in 1993 to 48,295 in 2014. 
However, the relative proportion of revision compared to 
primary THA, the so-called revision burden, during this time 
period decreased from 21.3% in 1993 to 13.0% in 2014, due 
to the tremendous increase in primary THA [22]. This ratio 
can easily be calculated but is a complex measure affected 

by both more recent surgical practices and also by historical 
treatment methods. It has several advantages related to large 
population reporting. It can be calculated for any popula-
tion or registry and may be followed for change or trends 
over time. It does not require direct data linkage between the 
original and revision surgery, which in general is difficult to 
perform [23].

According to the present data, we identified a slight 
decrease in revision burden in the past decade in Germany. 
However, we presume that this is due to the continuously ris-
ing number of primary THA as the “denominator variable”. 

Fig. 4   Projected incidence of 
revision THA until 2060 (per 
100,000 individuals)

Fig. 5   Projected incidence of 
different revision procedures 
until 2060 (per 100,000 indi-
viduals)
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Given a stabilization and falling of these numbers in the 
further course of the next decades, the revision burden is 
projected to remain steady around 15% by the year of 2060, 
which is why our projections have to be rather seen as a con-
servative approach. Still, the rising total number and inci-
dence of revision procedures implies higher hospital costs, 
due to longer length of stay, and longer operative time along 
with an associated higher perioperative risk of complications 
and mortality [2, 9]. This inevitably raises the question, if 
our current health care system will be able to finance the 
progressive costs and if the provision of high-quality surgi-
cal care can be guaranteed in its current form in the future—
or if profound changes in indication and access to (surgical) 
care are necessary to meet the future demand, as projected.

Our study has several limitations, mainly due to the 
design of our database. In our model, revision hip arthro-
plasty is handled as an independent orthopedic procedure, 
although it would seem more appropriate to estimate these 
projections on the basis of the number of primary arthro-
plasties performed and an assumed Kaplan–Meier-type 
survivorship model for the different population subgroups. 
Although such data can in principle be derived from a 
national joint registry, it is not yet available in Germany, 
since the German arthroplasty registry (EPRD) was first 
established in Germany in 2010. However, the develop-
ment of such a complex model would only be reasonable, 
if there would have been evidence that the revision bur-
den had been significantly changing historically over time, 
which has not been the case in Germany. On the contrary, 

Fig. 6   Projected total number of 
THA revisions per age group of 
men (a) and women (b)
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the revision burden has remained rather unchanged in this 
country for over a decade, which has also been reported in 
the United States [2]. Still, our revision projections may 
be interpreted as a conservative estimation for our future 
socio-economic health community, if primary implant sur-
vival cannot be improved in the upcoming years.

Since the calculations are based on the historical growth 
of THA and revision THA counts as well as the population 
projection of the Federal Bureau of Statistics, they might 
be biased from past trends that may change in the future 
[4]. Although the official forecast on population develop-
ments is included in the projections, we could not take 
changes of lifestyle (such as becoming more active fol-
lowing primary THA due to steadily improving functional 
results and subsequently an increased demand for THA) 
into account. This might directly affect the upcoming need 
for hip revision surgery mainly by increasing wear [24]. 
However, at the same time, implant designs and materials 
may further improve, as already seen in the development 
of highly cross-linked polythylene [25], potentially being 
associated with a greater implant survival rate. Addition-
ally, potential limitations in the availability of surgeons or 
the limited economic resources of private and public pay-
ers and hospitals, as well as changes in indication or access 
to medical care could not be taken into consideration. 
However, these factors are hard to predict and typically 
occur gradually, which makes them unlikely to change the 
trend of our projections during the next couple of years.

Nevertheless, we believe that our regression framework 
offers an economically acceptable model and its appli-
cability in forecasting total joint replacement is widely 
accepted. This makes our findings also especially relevant 
to other countries, like the United States or the UK, where 
a high incidence and volume of THA already exist.

Conclusion

The demand for revision THA will rise substantially over 
the next four decades, due to demographic changes, younger 
recipients of primary THA and an increased life expectancy. 
This will inevitably result in a constantly increasing socio-
economic burden for patients, surgeons, hospitals, insur-
ances and political stakeholders. The projections of the 
present study provide the necessary foundation for future 
analyses at a national level, and help to quantify the increas-
ing future challenge of revision hip arthroplasty in Germany 
and countries with comparable demography.
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