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Summary

AIMS OF THE STUDY: Data on the demographic changes 
over time for hip arthroplasty are rare in Switzerland. The 
aim of the study was to evaluate the influence of these 
changes on the distribution of age, gender, operated hip 
side, place of residence and caseload per surgeon over 
the last 50 years of hip arthroplasty at the Kantonsspital 
St. Gallen.

METHODS: For this retrospective explorative study, data 
were collected from the operating theatre journals of hip 
replacements performed at Kantonsspital St. Gallen from 
1969 to 2019. Every fifth year was included, which result-
ed in 5-year sampling rate over the observation period. 
The journals were handwritten until 1999 and digital from 
2004 to 2019. The following data were obtained: age, sex, 
type of hip arthroplasty, side of operated hip, place of res-
idence and name of main surgeon. Apart from overall de-
scriptive statistics, we applied the Mann-Whitney U-test to 
test for differences in age and the binomial test for cate-
gorical variables. A linear regression model was applied 
to investigate the relationship between patients’ ages and 
historical data of life expectancy of the Swiss population.

RESULTS: We included 2,963 patients, of whom 1,318 
were men (median age = 67 yr., p25 = 59 yr., p75 = 74 
yr.) and 1,608 women (median age = 72 yr., p25 = 63 yr., 
p75 = 79 yr.). Overall, women were significantly older than 
men, irrespective of whether they received primary total 
hip arthroplasty (median age = 70 yr. vs 66 yr., p25 = 61 
yr. vs 58 yr., p75 = 77 yr. vs 73 yr., p <0.001), hemiarthro-
plasty (median age = 84 yr. vs 78.5 yr., p25 = 78 yr. vs 
71 yr., p75 = 89 yr. vs 85 yr., p <0.001) or total revision 
arthroplasty (median age = 71 yr. vs 70 yr., p25 = 64.25 
yr. vs 63 yr., p75 = 78 yr. vs 75 yr., p = 0.036). A trend 
toward rising median age is evident looking at the whole 
period observed from 1969 to 2019. Except for women in 
the total revision arthroplasty group (r = 0.226), a high cor-
relation between increasing median age of patients under-
going hip replacement and life expectancy was found (r 
≥0.663). Significantly more primary total hip prostheses (p 
= 0.003) and hip hemiprostheses (p <0.001) were implant-
ed in women than in men between 1969 and 2019. Over-
all, no significant difference in side distribution was seen in 
the primary total hip arthroplasty (p = 0.061), total revision 
arthroplasty (p = 1.000) and hemiarthroplasty (p = 0.365)

group. In contrast to earlier years, most patients in recent
years are operated on by high-volume surgeons (>50 op-
erations per surgeon per year).

CONCLUSIONS: Demographic changes of patients un-
dergoing total hip replacement reflect the overall demo-
graphic changes in the Swiss population. Over the last 50
years the indication for prosthetic hip replacements has
not been extended to younger ages. The caseload in hip
arthroplasty has changed over the last 50 years towards
high-volume surgeons.

Introduction

Prosthetic hip replacement is one of the most successful
operations, with a cumulative 20-year revision rate for os-
teoarthritis of less than 10% [1]. It is not surprising that
total hip arthroplasty has been called “the operation of the
century” by Learmonth et al. [2].

In the Kantonsspital St. Gallen, the first prosthetic hip
joint in continental Europe was implanted on February 9
in 1961 by the chief orthopaedic surgeon Maurice Edmond
Müller, who was co-founder of the Arbeitsgemeinschaft
für Osteosynthesefragen (AO) and a pioneer in the field
of orthopaedic surgery. In 2002, he was honoured by the
International Society of Orthopaedic Surgery and Trauma-
tology (SICO) with the title “Orthopaedic Surgeon of the
Century” [3]. His successor Bernhard Georg Weber devel-
oped, in addition to a classification of ankle fractures, a
novel hip prosthesis system introducing prosthetic heads
with three different neck lengths [4]. In this historical con-
text we can refer to data of early hip replacements at our
institution.

In Switzerland, prosthetic hip joint replacements have been
systematically recorded in the Swiss Implant Registry
(SIRIS) since September 1, 2012 [5]. Other comparable
prosthesis registers have been collecting data for a longer
period of time [1, 6]. For example, the Swedish Hip
Arthroplasty Registry was started in 1979 [6]. However,
even earlier hip joint replacements at the Kantonsspital
St. Gallen were recorded in handwritten operating theatre
journals, which contain some of the oldest documented da-
ta on hip arthroplasty procedures in Switzerland. These da-
ta provide new information on trends in patient characteris-
tics and surgeon caseloads in hip arthroplasty over 50 years
in Switzerland.
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The aim of this study was to investigate the demographic
changes of hip arthroplasty patients over a period of 50
years (1969 to 2019) recorded at 5-year intervals at the
Kantonsspital St. Gallen. The focus of this study is the
medical history in relation to general population demo-
graphic changes over the last 50 years.

Methods

Study design

The present study was conducted at the Department of Or-
thopaedic Surgery and Traumatology of the Musculoskele-
tal System of the Kantonsspital St. Gallen. Today, around
5,000 general orthopaedic surgical procedures are per-
formed annually in three operating theatres. The hospital’s
service area mainly includes the population of the canton
of St. Gallen as well as the population of neighbouring can-
tons (in particular Appenzell Ausser- and Innerhoden and
Thurgau). This 50-year retrospective exploratory study in-
cluded patients who received an artificial hip joint replace-
ment (total hip arthroplasty primary, revision or hemi-
arthroplasty) at the Kantonsspital St. Gallen between
January 1, 1969 and December 31, 2019. Every fifth year
was included, which resulted in a 5-year sampling rate over
the observation period.

Data source and extracted data

The operating theatre journals used for this retrospective
explorative study were handwritten until 1999 and digital
from 2004 to 2019 (integrated in the hospital data manage-
ment system). The journal for the years 1972 to 1978 could
not be found in the archives, therefore in all tables the first
period was 10 years (1969–1979), but from 1979 onwards
the data at 5-year intervals were available. The following
data were collected: age, sex, place of residence, side of
the operated hip, name of main surgeon, type of hip arthro-
plasty. The surgeons’ names from 2004 and 2009 were no
longer accessible for data exports due to changes in the in-
formation system. Demographic data from 1969 to 2019
are public and could be downloaded from the Swiss Feder-
al Statistical Office (SFSO) [7].All data was linked to one
dataset in an Excel spreadsheet.Data extraction was per-
formed by the first author D. F.

Age identification

The operation protocols from 1969 contain the year of
birth of the patients. To determine the age, the year of birth
was subtracted from the year of surgery. In the operation
protocols from 1979 to 1999, patient data including the ex-
act date of birth and operation date were recorded, which
made it possible to calculate the patients’ age. However,
the date of birth was not always legible. In these cases,
it could be determined using the social insurance number
(AHV number) that contains encoded patient’s name, gen-
der and date of birth [8]. For patients operated on from
2004 to 2019, age was calculated exactly using the speci-
fied date of birth and date of operation.

Identification of gender and place of residence

The gender was determined based on the name. If a name
was not clearly gender-specific, gender was assigned using

the AHV number. We recorded the respective canton as
place of residence. The municipality served as the basis for
determining the canton, since often only the municipali-
ty of residence was noted in the records. For foreign pa-
tients, the appropriate country was recorded. The place of
residence for patients operated from 2004 to 2019 could be
found in the clinical information system of the Kantonsspi-
tal St. Gallen.

Statistical analysis

For the statistical analysis and data visualization IBM®
SPSS® version 27 and Microsoft Excel [9, 10] were used
and graphics processed with Gimp version 2.10.30 [11].
We applied descriptive statistics to evaluate changes in age
and sex distribution, place of residence and caseload per
surgeon. Caseload was defined as the number of opera-
tions per surgeon per year. A distinction was made between
high-volume (>50), medium-volume (15–50) and low-vol-
ume (1–14) surgeons. Patients’ age distribution was eval-
uated separately for men and women and divided by type
of hip arthroplasty (total hip arthroplasty primary, revision
or hemiarthroplasty) as well as gender distribution. For
comparison, Mann-Whitney U-test and binomial test were
used. A p-value less than 0.05 was defined as significant.
The Mann-Whitney U-test was applied to elaborate
whether men and women differed in age for different types
of hip arthroplasty. The binomial test was used to examine
whether one type of hip arthroplasty was used more fre-
quently on a particular side (H1 is proportion ≠ 0.5) and
whether men and women differed in the number of joint re-
placements according to the type of hip arthroplasty (H1 is
proportion ≠ 0.5 as the sex ratio has been close to 50% in
Switzerland over the years [7]). A linear regression model
was used to assess the association between the median age
of patients included in the study with residence in Switzer-
land and the life expectancy of the Swiss population ac-
cording to gender and type of hip arthroplasty.

Ethical approval

This study was approved by Ethikkomission Ostschweiz
(BASEC Nr. Req_2021-01008). According to HFG Art. 2
Abs. 2 lit. c, our research is not subject to the Human-
forschungsgesetz. Informed consent was not necessary.

Results

The sample comprised 2,963 records from patients, of
which 1,318 were men and 1,608 women. The gender was
recorded as “indifferent” in 37 cases because it could not
be assigned with sufficient certainty. Records for 11 pa-
tients could not be assigned to any prosthesis type. The age
of 8 patients was unclear. These records were not included
in the corresponding statistical analyses.

Change in number of operations

Overall, significantly more women than men underwent
primary total hip arthroplasty (n = 1,156 vs 1,018, p =
0.003) and hemiarthroplasty (n = 241 vs 72, p <0.001). The
number of women and men were comparable in the total
revision arthroplasty group (n = 206 vs 223, p = 0.440).

The results for the individual years can be seen in figure
1, which shows the number of operations per year accord-
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ing to gender and type of hip arthroplasty and whether men
and women differ significantly in this respect.

We calculated the number of operations per year for the
patients most at risk (defined as 50–89 yr.). From 1969
to 2019 we obtained the following values at 5-year inter-
vals in ascending order: n = 293, 243, 305, 258, 230, 293,
271, 265, 259, and 253. The Swiss population most at risk
(50–89 y) increased from 1,632,442 to 3,333,105 persons
between 1969 and 2019.

Change in age distribution

Overall, women were significantly older than men, irre-
spective of whether they received primary total hip arthro-
plasty (1,152 women and 1,017 men, median age = 70 yr.
vs 66 yr., p25 = 61 yr. vs 58 yr., p75 = 77 yr. vs 73 yr., p
<0.001), hemiarthroplasty (241 women and 72 men, medi-
an age = 84 yr. vs 78.5 yr., p25 = 78 yr. vs 71 yr., p75 = 89
yr. vs 85 yr., p <0.001) or total revision arthroplasty (206
women and 223 men, median age = 71 yr. vs 70 yr., p25 =
64.25 yr. vs 63 yr., p75 = 78 yr. vs 75 yr., p = 0.036).

Looking at the individual years separately, the following
results are found: women were significantly older in the
primary total hip arthroplasty group in 1984, 1994, 1999,
2004 and 2019; in the total revision arthroplasty group in
1989 and 1999; and in the hemiarthroplasty group in 1984,
1989 and 1994. Figure 2 shows the annual age distribution
subdivided by age and type of hip arthroplasty.

Using linear regression, we examined the relationship be-
tween median age of patients for each year and the corre-
sponding life expectancy of Swiss citizens as published for
the year. The coefficients of correlation are calculated for
subgroups (type of hip arthroplasty and gender). The best
correlation was found in the group of women with prima-

ry total hip arthroplasty (r = 0.875). The linear regression
relationships and correlation coefficients for the subgroups
are shown in figure 3.

Operated hip side

No significant difference in side distribution was demon-
strated in the primary total hip arthroplasty (1,073 right vs
987 left, p = 0.061), total revision arthroplasty (200 right
vs 200 left, p = 1.000) and hemiarthroplasty (129 right vs
145 left, p = 0.365) groups.

Caseload per surgeon and place of residence
1969–2019

Figure 4 illustrates the number of patients with artificial
hip joint replacements (total, revision or hemiprostheses)
operated on by high- (>50), medium- (15–50) and low-vol-
ume (1–14) surgeons per 100 from 1969 to 2019. During
the period 1969–1999, fewer than 50 percent of patients
were operated on by a high-volume surgeon. Today, the
majority (>50%) have surgery by high-volume surgeons.

Discussion

The first hip prosthesis registry was started in Sweden in
1979 and older studies regarding hip prosthetics have de-
scribed age and gender distribution [6, 12–14]. However,
this study is the first to present the change of patient char-
acteristics in hip arthroplasty over a period of 50 years and
provides new information on surgeon caseloads per year in
a single institution. As the SIRIS implant registry was only
introduced in Switzerland in 2012 [15], the demographic
information of this study closes information gaps.

The fact that for all types of hip arthroplasty women are
older than men can partly be explained by the higher life

Figure 1: Number of operations divided by different types of hip arthroplasty and gender from 1969 to 2019 at 5-year intervals.
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expectancy of women. In particular, the rising median age
of women with primary total hip replacements can be very
well justified by the increasing life expectancy over the last
50 years (Fig. 3).

The median age of patients who received hemiprostheses is
considerably higher than of patients with total hip arthro-
plasty (primary and revision). The reason for this is prob-
ably the predominant use of hemiarthroplasty to treat frac-
tures in elderly patients. These figures are consistent with
results published in the SIRIS implant registry [15].

Compared to 1969, patients are older for all types of pros-
thetic hip replacements at present (e.g., 2019). Although
there is some variation with lower median age appearing
in some of the years, a trend toward rising median age is
evident looking at the whole period observed from 1969
to 2019. Considering the possibility of a continuing long
term trend, the relevance of older age being associated with
higher perioperative mortality and being a risk factor for

adverse events, such as prosthesis dislocation, peripros-
thetic fracture, infection, arrhythmia, postoperative delir-
ium, etc. after hip arthroplasty must be noted [16–24].
Statements and trend analyses over short periods of time
are difficult and limited due to the 5-year intervals of
this study. According to SIRIS, the mean age of the pa-
tients who received total arthroplasty increased by around
1 year each between the periods 2012 to 2014 and 2019
(men 66.3 yr. to 67.1 yr.; women 69.9 yr. to 70.8 yr.).
The mean age in the total revision arthroplasty group (men
68.9 yr. to 70.8 yr., women 71.7 yr. to 73.5 yr.) increased
by about two years, which indicates a short-term rising
trend [15]. Our study shows that this trend was present be-
fore the initiation of the SIRIS registry, and that the in-
creasing age in hip arthroplasty reflects the demographic
changes. Thus, our study does not support repetitively pos-
tulated statements that the indication for prosthetic hip re-
placements is extended to younger age groups. Similar
trends are shown in the data from Rochester, USA. Al-

Figure 2: Age of patients according to type of hip arthroplasty and gender from 1969 to 2019 at 5-year intervals.
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though a relatively steady increase in incidence for total
hip arthroplasty was observed between 1969 and 2008 in
the younger age groups (0–49, 50–59, 60–69 years), the
largest overall increase in incidence was observed in the
70–79 years age group. In particular, from 2001–2004 on-
wards, there was a clear trend towards extending the indi-
cation for hip replacement to older age groups (especially
70–79 and 80–110-year-olds) [25].

From 1969 to 2019 significantly more primary total hip
prostheses were implanted in women than in men (55.0%
vs 45.0%). Considering individual years, however, the
women to men ratio partly differed by several percentage
points (e.g., 61.6% female proportion in 1969 vs 45.1%
in 2014). More recent data from Switzerland show that
the gender proportion of patients who received primary to-
tal hip arthroplasty has been relatively constant over the
last few years (women 53%, men 47%). The Australian
Orthopaedic Association National Joint Replacement Reg-
istry (AOANJRR) has been providing comparable data
since 2003 [15, 26]. No significant differences were found
in the total revision arthroplasty group in any year, which
is also reflected in SIRIS data with an almost balanced sex
ratio [15]. Significantly fewer men than women received
hemiprostheses between 1969 and 2019. With the excep-

tion of 2014, the proportion of women was always high-
er than 66.6%, but varied strongly above this level (e.g.,
66.67% in 1969, 92.31% in 1994). This big difference is
most likely attributable to the higher incidence of osteo-
porotic hip fractures in women [27–29].

Interestingly, the number of operations performed per year
on patients aged 50–89 remains relatively constant in the
range between n = 230 to 305. The Swiss population most
at risk (50–89 y) increased from 1,632,442 to 3,333,105
persons, i.e. over 100%, between 1969 and 2019 [7]. The
pioneering role of the Kantonsspital St. Gallen which at
that time offered the new procedure of hip arthroplasty al-
most exclusively could be one of the reasons for the com-
paratively high numbers of operations in the early years (e.
g., more operations were performed in 1969 than in 2019).

Our data show a tendency towards more total primary hip
replacements being implanted on the right side (52.1%
right, 47.9% left). However, this difference was not sig-
nificant. Further non-significant differences were found for
the total revision arthroplasty (49.9% right, 50.1% left) and
the hemiarthroplasty group (47.1% right, 52.9% left). Data
from the 2005 annual report of the “Danish Hip Alloplas-
ty Register” show a higher proportion of hip replacements

Figure 3: Linear regression relation between life expectancy of Swiss population & median age of patients included in the study according to
different types of hip arthroplasty and gender from 1969 to 2019 at 5-year intervals.
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on the right in primary (53.1%) and revision (52.1%) surg-
eries [30].

Whereas during the period 1969–1999, fewer than 50 per-
cent of patients were operated on by a high-volume sur-
geon (more than 50 replacements per year), today, the ma-
jority have surgery by high-volume surgeons. The reasons
for this are probably the increasing subspecialisation of or-
thopaedic surgeons, especially in a central hospital. The
trend in hip arthroplasty towards high-volume surgeons is
also evident in the USA: a study examining the develop-
ment of caseloads in hip and knee arthroplasty in the Unit-

ed States between 1990 and 2004 concludes that in partic-
ular the caseload of the top 5% of primary THA and TKA
surgeons has increased [31].

Caseloads are a quality assurance parameter. In the canton
of Zurich, for example, 15 prosthesis implantations per
year are required for a surgeon to get approval for primary
prostheses [32]. Patients treated by surgeons with high an-
nual caseloads have lower mortality and lower revision
rates [33, 34]. However, a prescription by law of the num-
ber of caseloads leads to competition within the hospital
and the consecutive selection of surgeons. The question of

Figure 4: Number of patients with artificial hip joint replacement (total, revision, or hemiprosthesis) operated on by a high (>50), medium
(15-50), and low (1-14) volume surgeon per 100 from 1969-2019 at 10-year intervals

Figure 5: Place of residence of patients with artificial hip joint replacements (total, revision, or hemiprostheses) in the Kantonsspital St.Gallen
from 1969 to 2019 at 5-year intervals
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how many hip surgeries a surgeon must perform to meet
certain quality standards is still not clear and must be dis-
cussed further.

Regarding municipality, most patients came from the can-
ton of St. Gallen, followed by neighbouring cantons, while
other cantons and foreign countries were sparsely repre-
sented in most of the years. However, in 1969, most pa-
tients came from abroad, of which 77% were from Ger-
many. We explain this by the close geographic location of
Germany to Switzerland and the exclusive availability of
hip arthroplasty at the Kantonsspital St. Gallen at that time.

Limitations

Due to paper-based data, the quality of our dataset may be
limited. The sample size was generally small in the total re-
vision arthroplasty and hemiarthroplasty group. This may
limit the validity of results from statistical tests. The linear
regression performed does not take into account the pres-
ence of possible confounding factors such as improvement
in anaesthesia. Because this is a single-centre study, the re-
sults may not be projected to the whole of Switzerland or
to countries with a different population structure.

Conclusions

Demographic changes of patients undergoing total hip re-
placement reflect the overall demographic changes in the
Swiss population. Over the last 50 years, the indication
for prosthetic hip replacements has not been extended to
younger age groups. However, the caseload in hip arthro-
plasty has changed over the last 50 years towards high-vol-
ume surgeons.
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