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Abstract
Summary Number and age-standardized incidences of femoral fractures by sex and localization were determined annually 
between 1998 and 2021 in subjects aged 45 years or older living in Switzerland. The number and incidences of femoral neck, 
pertrochanteric, subtrochanteric, and femoral shaft fractures followed distinct unexpected trend patterns.
Introduction Long-term incidence trends for femoral fractures by individual localizations are unknown.
Methods Annual absolute number of hospitalizations and median age at hospital admission between 1998 and 2021 were 
extracted from the medical database of the Swiss Federal Office of Statistics by sex and 10-year age groups for the follow-
ing 10th International Classification of Diseases (ICD-10) codes: femoral neck (ICD-10 S72.0), pertrochanteric (S72.1), 
subtrochanteric (S72.2), and femoral shaft fractures (S72.3). Age-standardized incidence rates (ASI) and corresponding 
trends were calculated.
Results Over 24 years, the number of femoral neck fractures increased in men (+ 45%) but decreased in women (− 7%) with 
ASI significantly decreasing by 20% and 37% (p < 0.001 for trend for both), respectively. By contrast, the number of per-
trochanteric fractures increased by 67% and 45% in men and women, respectively, corresponding to a horizontal ASI-trend 
in men (n.s.) and a modest significant decreasing ASI-trend in women (p < 0.001). The number of subtrochanteric fractures 
increased in both sexes with corresponding modest significant reductions in ASI-trends (p = 0.015 and 0.002, respectively). 
Femoral shaft fractures almost doubled in men (+ 71%) and doubled in women (+ 100%) with corresponding significant 
increases in ASI-trends (p = 0.001 and p < 0.001, respectively). Age at admission increased for all fracture localizations, more 
so in men than in women and more so for subtrochanteric and shaft fractures than for “typical” hip fractures.
Conclusion Incidence changes of pertrochanteric fractures and femoral shaft fractures deserve increased attention, especially 
in men. Pooling diagnostic codes for defining hip fractures may hide differing patterns by localization and sex.

Keywords Epidemiology · Femoral fracture · Hip fracture · Osteoporosis · Secular trend

Introduction

Osteoporosis is a systemic skeletal disease character-
ized by low bone mass and bone microarchitecture decay 
resulting in increased bone fragility and fracture risk [1]. 
A patient with osteoporosis may experience a fracture of 
any bone but is particularly exposed to an increased risk 
of fracture after a low-energy trauma, whereby the lat-
ter increases with increasing age [2]. Hip fractures, usu-
ally including femoral neck and pertrochanteric fractures, 
represent the most typical and at the same time the most 
severe complications of osteoporosis, usually leading to 
immediate functional impairment with subsequent hos-
pitalization for orthopedic repair in almost all cases, as 
well as long-term disability and increased mortality [3, 4]. 
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Other femoral fractures such as subtrochanteric and shaft 
fractures are also more frequent in patients with osteo-
porosis, whereby fractures of the femoral diaphysis more 
typically follow a high-intensity trauma. When occurring 
after a low-energy trauma and in accordance with a defined 
set of diagnostic criteria, which also includes radiological 
considerations, subtrochanteric and shaft fractures may 
correspond to an atypical femoral fracture (AFF) [5, 6]. 
Atypical femoral fractures have been reported in patients 
taking antiresorptive drugs (such as bisphosphonates and 
denosumab), but they also occur in patients with no expo-
sure to these drugs [5, 7].

Osteoporosis remains an underdiagnosed and under-
treated disease in women but even more so in men [8, 
9]. However, a reversal of the secular trend for hip frac-
tures was reported as early as in 1987 in the USA [10], 
later confirmed in Switzerland, first in women [11, 12], 
and thereafter in both men and women [13]. In a recent 
publication on the global epidemiology of hip fractures, a 
negative trend was shown in some industrialized countries, 
including USA, UK, Spain, and Italy, but an increasing 
trend in other (France, Germany) [14]. In none of these 
publications, subanalyses by femoral fracture localization 
were made available. Whether one or another fracture type 
has contributed more than others to the aggregated results 
for hip fractures remains unknown.

In Switzerland, life expectancy is among the highest 
worldwide, possibly still second after Japan [15]. Between 
1998 and 2021, life expectancy at birth increased from 
76.3 to 81.6 years in men (+ 5.3 years) and from 82.5 to 
85.7 years in women (+ 3.2 years) [16]. Thus, the population 
living in Switzerland is old and ageing, even more rapidly 
so for men than women. The latter may be, at least in part, 
related to a larger decrease in cardiovascular mortality in 
men than in women, a general epidemiological observation 
made in the developed world. For example, in Switzerland, 
mortality due to coronary heart disease was approximately 
halved in men and women between 1995 and 2018, with men 
remaining at twice as high risk than women [17]. Consider-
ing that coronary heart disease is the leading cause of death 
in men and usually occurs at earlier ages than hip fractures, 
numerically, more men than women will enter age groups at 
increased risk for femoral fractures. Epidemiological obser-
vations on fractures made in such an old mainly Caucasian 
population may represent a paradigm for the near or midterm 
future of other industrialized Western countries.

In this context, the aim of the present analyses was to docu-
ment the epidemiological trends of femoral fractures by local-
ization, in men and women living in Switzerland and aged 
45 years or older, in terms of number, incidence, and changes 
in age at admission between 1998 and 2021. The findings 
could be of major importance for health care planning policy.

Methods

Data source

Raw data were extracted from the administrative and 
medical statistics database of the Swiss Federal Statis-
tical Office of Statistics (SFSO). Since 2010, all Swiss 
hospitals (100.0%) are bound to report to the SFSO an 
administrative and medical core dataset for each hospital-
ized patient. Representativeness was 62.2% in 1998 and 
has increased steadily since then, exceeding 98% as of year 
2005 and reaching 100% in year 2010. Of note, as of 1998, 
the hospital statistics were representative of the country as 
a whole, legitimating linear extrapolations. The stringent 
quality control measures include plausibility testing of all 
records by a SFSO proprietary software (MedPlaus version 
6.0) which runs more than 700 plausibility checks for each 
case, including with regard to coding for diseases accord-
ing to the International Classification of Diseases (ICD-
10) [18]. In addition, before consolidation at the federal 
level, yearly validation of diagnostic coding at individual 
hospital level is mandatory since 1998, and consistency 
in reporting across cantons is ensured by the SFSO. The 
SFSO also publishes the structure of the population living 
in Switzerland by sex and 5-year age groups on an annual 
basis.

Dataset

For men and women aged 45 years or older, all cases of 
femoral fractures having led to an acute hospitalization 
between year 1998 and 2021 (24 years) were extracted 
and included in the primary analysis. Only femoral frac-
tures coded as the main reason for hospitalization (primary 
diagnosis) were considered; fractures listed as co-diagno-
ses (secondary diagnoses) were excluded. Hospitalizations 
in rehabilitation clinics and rehospitalizations for the same 
fracture occurring within 2 months after the index event 
were excluded to prevent double counting, according to 
SFSO recommendations.

Femoral fractures (ICD-10 code S72) were identified 
by using the following: fractures of femoral neck includ-
ing not otherwise specified fractures of the hip (S72.0), 
pertrochanteric fractures including intertrochanteric and 
trochanteric fractures (S72.1), subtrochanteric fractures 
(S72.2), fractures of the femoral shaft (S72.3). In a sec-
ond step, for the purpose of this analysis and for didactical 
reasons, femoral neck and pertrochanteric fractures were 
pooled under the header “typical” osteoporotic femoral 
fractures (S72.0 + S72.1) while subtrochanteric and shaft 
fractures were defined as “non-typical” osteoporotic 
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fractures (S72.2 + S72.3). The remaining four subordi-
nate ICD-10 codes (fractures of the distal femur (S72.4), 
multiple fractures of the femur (S72.7), fractures of other 
parts of the femur (S72.8), and fractures of an unspecified 
part of the femur (S72.9)) represented less than 10% of all 
reported cases and were excluded from the present analy-
sis. For each individual patient included in the database, 
age at admission was also extracted. The age structure of 
the male and female population living in Switzerland by 
10-year age groups was obtained directly from the SFSO 
for years 1998 through 2021.

Data processing

The annual absolute number of hospitalized femo-
ral fractures was extracted from age 45 onwards by sex 
and 10-year age groups for years 1998 to 2021. Where 
appropriate (i.e., before year 2010), the absolute number 
of cases was extrapolated linearly to 100% to adjust for 
non-participating hospitals. Crude incidence rates by sex, 
expressed as the number of cases per 100,000 person-
years, were calculated by 10-year age groups and in all 
patients aged 45 years or older for each fracture category. 
Age-standardized incidences with corresponding 95% 
confidence intervals were calculated by sex and fracture 
localization using the 1998 population structure as a refer-
ence, following the methodology first suggested by Lewin-
nek [19]. For a given year, the age-standardized incidence 
rate is the summary rate that would be observed, given the 
single age-specific rates in that year, in a population with 
the age composition of the reference population. Thus, 
age-standardization allows for direct comparisons across 
populations with different age structures. Time trends were 
explored by simple regression analyses (a positive r value 

indicating a positive trend and conversely for a negative 
r value, with a two-sided p < 0.05 considered significant) 
and based on the average annual percent change (AAPC) 
with corresponding 95% confidence intervals (95%CI), 
whereby an interval not including zero stands for statistical 
significance, consistent with the methodology detailed in 
[20]. For men and women aged 45 years or older, median 
age at hospital admission with corresponding lower and 
upper quartiles (interquartile range, IQR) was calculated 
by sex and year for each femoral fracture category. All 
calculations were performed using the StatsDirect statisti-
cal software, version 3.3.5, developed by Statsdirect Ltd, 
Birkenhead, Merseyside, UK.

Results

During the 24-year observation period covered by the 
present analysis, the male population aged 45 years or 
older increased by 52% with largest percent increases in 
the oldest age groups, reaching + 116% in the oldest old 
(aged 85 years or older). The corresponding female popu-
lation increased by 40%, reaching + 56% in the oldest old 
(Fig. 1).

With detailed numbers for years 1998 and 2021 avail-
able in supplemental Table 1 and annual numbers shown 
in Figs. 2a and 3a, the number of fractures increased in all 
four fracture categories retained for analysis in both sexes 
between 1998 and 2021, except the number of femoral 
neck fractures in women which decreased by 7%. In men, 
the ratio of femoral neck fractures to pertrochanteric frac-
tures decreased from 1.3 in 1998 to 1.1 in 2021 with cor-
responding ratios for women of 1.4 and 1.0, respectively.

Fig. 1  Age pyramid of the 
population living in Switzerland 
by 10-year age groups in 1998 
and 2021
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Femoral neck fractures (ICD‑10 S72.0)

The total number of acute hospitalizations (cases) for a fem-
oral neck fracture increased by 45% in 24 years. The crude 
incidence decreased modestly from 102 to 97 per 100,000 
male-years, following a statistically significant almost lin-
ear negative trend (r and two-sided p value for trend shown 
in Fig. 2b). The latter significant trend was observed in all 
10-year age groups except in those aged 55–64. The age-
standardized incidence (95%CI) in men decreased signifi-
cantly by 20% from 102 (96–107) to 82 (78–85) per 100,000 
male-years between 1998 and 2021 (Table 1, with r and 
two-sided p value for trend shown in Fig. 2c), correspond-
ing to an average annual percent change (AAPC) of − 1.71% 

(95%CI − 3.43 to − 0.01). Median (IQR) age at admission 
increased by two years in men, from 78 years (67–86) in 
1998 to 80 years (70–87) in 2021.

By contrast and as shown in Fig. 2a–c, the number of 
femoral neck fractures decreased by 7% in women in 
24 years, with a corresponding decrease in the crude inci-
dence from 272 to 180 per 100,000 female-years. The lat-
ter negative trend was statistically significant in all 10-year 
age groups. As shown in Table 1, the age-standardized inci-
dence (95%CI) decreased significantly by 37% from 272 
(264–281) to 171 (165–176). The corresponding AAPC 
(95%CI) was − 2.41% (− 4.30 to − 0.52). Median (IQR) 
age at admission increased by only 1 year in women, from 
82 years (75–87) in 1998 to 83 (76–89) in year 2021.

(a)

(b)

(c)

r=-0.57, p=0.004

r=0.66, p<0.001

r=-0.90, p<0.001

r=-0.95, p<0.001

r=-0.67, p<0.001

r=-0.21, n.s.

r=-0.96, p<0.001

r=-0.76, p<0.001

Fig. 2  Femoral neck and pertrochanteric fractures (ICD-10 S72.0 and 
S72.1, respectively) in men (left) and women (right)—absolute num-
ber of cases (a), crude incidence per 100,000 person-years (b), age-

standardized incidence per 100,000 person-years (c). r and two-sided 
p values for trend between 1998 and 2021
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Pertrochanteric fractures (ICD‑10 S72.1)

Between 1998 and 2021, the number of pertrochanteric frac-
tures in men increased by 67%. The crude incidence increased 
from 78 to 86 per 100,000 male-years following an overall sta-
tistically significant trend (Fig. 2b). This overall trend reflected 
a composite of a significantly decreasing trend in younger age 
groups (45–64) overwhelmed by an increasing trend in all age 
groups above 65. As shown in Table 1, the age-standardized 
incidence (95%CI) went from 78 (73–83) to 71 (68–74) fol-
lowing a non-significant horizontal trend over 24 years (Fig. 2c) 
with a non-significant APCC of − 0.48% (95%CI − 2.38 to 
1.42). Median (IQR) age at admission increased by 3 years in 
men, from 77 (64–84) to 80 (70–87).

In women aged 45 years or older, the total number of 
acute hospitalizations for pertrochanteric fractures increased 
by 32% in 24 years (Fig. 2a), which contrasts with the 
numerical decrease observed for femoral neck fractures. 
Nevertheless, the crude incidence followed a statistically sig-
nificant negative trend, overall (Fig. 2b), and in all 10-year 
age groups except the oldest old. As shown in Table 1, the 
change in age-standardized incidence (IQR) followed a 
similar pattern with a reduction from 194 (187–201) to 172 
(166–177) per 100,000 female-years (Fig. 2c) correspond-
ing to an AAPC of − 1.09% (95%CI − 3.44 to 1.27). Median 
(IQR) age at admission increased by only 1 year in women, 
from 84 (78–88) years in 1998 to 85 (79–90) in year 2021.

(a)

(b)

(c)

r=0.75, p<0.001

r=-0.03, p=n.s.

r=0.84, p<0.001

r=-0.82, p=0.01

r=0.62, p=0.001

r=-0.49, p=0.015

r=0.83, p<0.001

r=-0.61, p=0.002

Fig. 3  Subtrochanteric and femoral shaft fractures (ICD-10 S72.2 and 
S72.3, respectively) in men (left) and women (right)—absolute num-
ber of cases (a), crude incidence per 100,000 person-years (b), age-

standardized incidence per 100,000 person-years (c). r and two-sided 
p values for trend between 1998 and 2021
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“Typical” osteoporotic fractures (ICD‑10 
S72.0 + S72.1)

From the above, it becomes clear that trend changes to 
be expected for typical osteoporotic fractures will result 
from merged trends at the level of the individual fracture 

localizations. In men aged 45  years or older, this age-
standardized incidence (95%CI) per 100,000 male-years 
decreased from 179 (172–187) to 153 (148–158) between 
1998 and 2021, corresponding to a significant nega-
tive trend over 24 years (r =  − 0.83, two-sided p < 0.001; 
AAPC − 0.81% with 95%CI − 2.21 to 0.59). The latter was 

Table 1   Age-standardized incidences of acute hospitalizations for femoral fracture in men (a) and women (b) aged 45 years or older per 
100'000 person-years (95% confidence intervals) - Reference year 1998

Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Femoral neck 
fracture (S72.0)

101.5
(96.1-107.0)

102.8
(97.3-108.2)

98.2
(92.9-103.5)

104.0
(98.6-109.4)

101.4
(96.1-106.6)

94.8
(89.7-99.8)

94.1
(89.1-99.1)

85.9
(81.2-90.6)

88.8
(84.1-93.5)

87.5
(82.9-92.1)

85.9
(81.4-90.3)

87.5
(83.1-92.0)

Pertrochanteric 
fracture (S72.1)

77.7
(72.9-82.5)

78.7
(73.9-83.4)

74.8
(70.2-79.4)

76.8
(71.5-80.8)

74.6
(70.1-79.1)

78.2
(73.6-82.7)

68.5
(64.2-72.7)

69.3
(65.1-73.5)

71.9
(67.7-76.2)

69.6
(65.5-73.8)

69.5
(65.5-73.5)

72.3
(68.3-76.4)

Subtrochanteric 
fracture (S72.2)

11.1
(9.3-12.9)

10.4
(8.6-12.1)

11.9
(10.0-13.7)

11.8
(9.9-13.6)

10.2
(8.5-11.8)

10
(8.4-11.6)

11.5
(9.7-13.2)

10.0
(8.4-11.7)

10.3
(8.4-11.6)

8.8
(7.3-10.3)

8.2
(6.8-9.6)

9.6
(8.1-11.1)

Femoral shaft 
fracture (S72.3)

15.3
(13.2-17.4)

13.4
(11.4-15.3)

13.2
(11.2-15.1)

10.5
(8.8-12.2)

12.8
(10.9-14.65)

13.3
(11.4-15.2)

12.7
(10.9-14.6)

9.3
(7.7-10.8)

10.8
(9.1-12.4)

10.7
(9.1-12.3)

11.8
(10.1-13.5)

12.3
(10.6-14.0)

"Typical" femoral 
fractures
(S72.0+S72.1)

179.2
(172.0-
186.5)

181.4
(174.2-
188.7)

173.0
(166.0-
180.1)

180.1
(173.0-
187.2)

176.0
(169.0-
182.9)

172.9
(166.1-
179.7)

162.6
(156.0-
169.1)

155.2
(148.9-
161.5)

160.7
(154.4-
167.0)

157.2
(151.0-
163.3)

155.3
(149.3-
161.4)

159.9
(153.8-
165.9)

"Non-typical" 
femoral fractures 
(S72.2+S72.3)

26.4
(23.6-29.4)

23.7
(21.2-26.5)

25.1
(22.4-27.9)

22.4
(19.8-24.9)

22.9
(20.5-25.6)

23.3
(20.8-25.9)

24.2
(21.7-26.9)

19.3
(17.1-21.7)

20.8
(18.6-23.2)

19.5
(17.3-21.8)

20.0
(17.8-22.3)

21.9
(19.7-24.3)

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Femoral neck 
fracture (S72.0)

93.2
(88.7-97.7)

91.8
(87.4-96.3)

86.6
(82.4-90.9)

81.8
(77.7-85.8)

82.7
(78.6-86.7)

82.0
(78.0-86.0)

79.4
(75.5-83.2)

82.9
(79.1-86.8)

81.8
(78.0-85.7)

78.81
(75.1-82.6)

80.6
(76.7-84.4)

81.6
(78.0-85.4)

Pertrochanteric 
fracture (S72.1)

78.6
(74.5-82.8)

77.3
(73.2-81.4)

76.3
(72.4-80.3)

75.7
(71.8-79.6)

72.9
(69.1-76.7)

71.3
(67.6-75.0)

72.8
(69.1-76.5)

73.7
(70.0-77.4)

70.3
(66.7-73.8)

73.1
(69.6-76.7)

69.7
(66.4-73.3)

70.9
(67.5-74.4)

Subtrochanteric 
fracture (S72.2)

8.3
(6.9-9.7)

9.5
(8.1-11.0)

10.2
(8.7-11.6)

9.8
(8.4-11.2)

9.2
(7.8-10.6)

10.1
(8.7-11.5)

10.1
(8.7-11.5)

10.2
(8.8-11.5)

9.1
(7.8-10.4)

10.0
(8.7-11.4)

9.4
(8.2-10.8)

9.7
(8.5-11.1)

Femoral shaft 
fracture (S72.3)

15.2
(13.3-17.1)

13.5
(11.8-15.3)

15.7
(13.9-17.5)

17.2
(15.3-19.1)

15.5
(13.7-17.3)

17.8
(15.9-19.7)

17.9
(16.1-19.7)

17.9
(16.1-19.7)

14.9
(13.3-16.5)

16.9
(15.2-18.7)

15.1
(13.5-16.8)

15.0
(13.4-16.7)

"Typical" femoral 
fractures
(S72.0+S72.1)

171.9
(165.7-
178.0)

169.2
(163.1-
175.2)

163.0
(157.2-
168.8)

157.4
(151.8-
163.1)

155.6
(150.1-
161.1)

153.3
(147.8-
158.7)

152.2
(146.9-
157.5)

156.6
(151.3-
162.0)

152.1
(146.9-
157.3)

151.9
(146.8-
157.1)

150.3
(145.3-
155.4)

152.5
(147.5-
157.6)

"Non-typical" 
femoral fractures
(S72.2+S72.3)

23.5
(21.2-25.9)

23.1
(20.9-25.4)

25.9
(23.6-28.3)

27.0
(24.7-29.5)

24.7
(22.5-27.0)

27.9
(25.6-30.3)

28.0
(25.7-30.4)

28.0
(25.8-30.4)

24.0
(22.0-26.2)

26.9
(24.7-29.2)

24.5
(22.4-26.6)

24.7
(22.6-26.8)

Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Femoral neck 
fracture (S72.0)

272.2
(264.0-
280.5)

285.7
(277.3-
294.1)

260.1
(252.1-
268.1)

274.3
(266.2-
282.5)

262.8
(255.9-
270.8)

259.9
(252.1-
267.7)

239.7
(232.2-
247.1)

227.9
(219.9-
234.3)

222.1
(215.1-
229.2)

223.9
(216.9-
230.9)

202.1
(195.5-
208.6)

199.7
(193.2-
206.1)

Pertrochanteric 
fracture (S72.1)

194.0
(187.0-
200.9)

218.2
(210.9-
225.5)

207.8
(200.6-
214.9)

223.1
(215.8-
230.5)

215.5
(208.3-
222.7)

207.7
(200.7-
214.7)

199.0
(192.6-
206.3)

192.8
(186.2-
199.5)

194.7
(188.1-
201.3)

190.6
(184.2-
197.0)

185.3
(179.0-
191.6)

176.9
(170.8-
182.9)

Subtrochanteric 
fracture (S72.2)

27.4
(24.7-30.0)

22.9
(20.5-25.2)

22.4
(20.0-24.7)

22.3
(20.0-24.7)

24.4
(22.0-26.8)

22.6
(20.3-24.9)

22.6
(20.3-24.9)

20.8
(18.6-22.9)

19.7
(17.6-21.8)

20.7
(18.6-22.9)

19.5
(17.4-21.5)

19.9
(17.9-22.0)

Femoral shaft 
fracture (S72.3)

25.0
(22.5-27.6)

25.5
(23.0-28.0)

23.8
(21.4-26.3)

25.0
(22.5-27.5)

22.2
(19.8-24.5)

25.1
(22.7-27.6)

21.0
(18.8-23.2)

19.5
(17.4-21.6)

23.9
(21.6-26.2)

22.9
(20.6-25.1)

20.1
(18.0-22.2)

24.6
(22.3-26.9)

"Typical" femoral 
fractures
(S72.0+S72.1)

466.2
(455.4-
476.9)

505.7
(492.8-
515.0)

467.8
(457.2-
478.5)

479.4
(486.5-
508.3)

478.3
(467.6-
489.0)

467.6
(457.2-
478.1)

439.1
(429.0-
449.2)

419.9
(410.1-
429.6)

416.8
(407.2-
426.4)

414.5
(405.0-
423.9)

387.3
(378.3-
396.4)

376.5
(367.7-
385.4)

"Non-typical" 
femoral fractures
(S72.2+S72.3)

52.4
(48.8-56.2)

48.4
(45.0-52.0)

46.2
(42.9-49.7)

47.3
(44.0-50.8)

46.6
(43.3-50.0)

47.7
(44.4-51.2)

43.6
(40.5-46.9)

40.2
(37.2-43.4)

43.6
(40.5-46.9)

43.6
(40.5-46.8)

39.6
(36.7-42.6)

44.5
(41.5-47.7)

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Femoral neck 
fracture (S72.0)

217.7
(210.9-
224.4)

209.5
(203.0-
216.0)

203.9
(197.5-
210.3)

193.8
(187.6-
200.0)

194.3
(188.2-
200.4)

189.9
(183.9-
195.9)

184.3
(178.5-
190.2)

182.9
(177.1-
188.6)

179.6
(173.9-
185.3)

181.1
(175.4-
186.9)

176.0
(170.4-
181.5)

170.6
(165.2-176.1)

Pertrochanteric 
fracture (S72.1)

203.5
(195.6-
208.5)

199.9
(193.5-
206.2)

195.0
(188.8-
201.2)

192.0
(185.9-
198.1)

192.7
(186.6-
198.7)

196.0
(190.0-
202.1)

190.4
(184.5-
196.3)

181.4
(175.7-
187.1)

187.3
(181.6-
193.1)

178.0
(172.4-
183.6)

168.5
(163.2-
174.0)

171.5
(166.2-
177.0)

Subtrochanteric 
fracture (S72.2)

23.4
(21.2-25.6)

20.1
(18.1-22.2)

23.5
(21.3-25.7)

21.6
(19.6-23.7)

21.5
(19.5-23.6)

22.8
(20.7-24.9)

21.3
(19.3-23.3)

18.9
(17.0-20.7)

20.4
(18.5-22.3)

19.9
(18.0-21.8)

18.6
(16.8-20.5)

20.0
(18.2-22.0)

Femoral shaft 
fracture (S72.3)

26.5
(24.2-28.9)

30.4
(27.9-32.9)

29.9
(27.5-32.4)

32.8
(30.3-35.5)

29.5
(27.1-31.9)

30.3
(27.9-32.7)

35.3
(32.7-37.8)

33.0
(30.5-35.5)

32.6
(30.1-35.0)

34.4
(32.0-36.9)

35.0
(32.5-37.5)

33.6
(31.3-36.1)

"Typical" femoral 
fractures
(S72.0+S72.1)

419.7
(410.4-
429.0)

409.4
(400.3-
418.4)

398.9
(390.0-
407.8)

385.8
(377.2-
394.5)

387.0
(378.4-
395.5)

385.9
(377.4-
394.4)

374.8
(366.5-
383.1)

364.3
(356.2-
372.4)

366.9
(358.9-
375.0)

359.1
(351.2-
367.1)

344.4
(336.7-
352.3)

342.1
(334.5-
349.8)

"Non-typical" 
femoral fractures
(S72.2+S72.3)

49.9
(46.8-53.3)

50.6
(47.4-53.9)

53.4
(50.2-56.8)

55.2
(51.9-58.6)

51.0
(47.9-54.2)

53.1
(50.0-56.4)

56.5
(53.3-59.9)

51.9
(48.8-55.0)

52.9
(49.9-56.1)

54.2
(51.2-57.4)

53.5
(50.5-56.7)

53.7
(50.7-56.8)

a

b
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the combined result of a decreasing trend in femoral neck 
fractures (consistent with a reversal of the secular trend) 
and a non-significant horizontal trend for pertrochanteric 
fractures. In women, the age-standardized incidence for typi-
cal osteoporotic fractures went from 466 (455–477) to 342 
(335–350) with r =  − 0.94, p < 0.001 and AAPC − 1.73% 
with 95%CI − 3.58 to 0.13, reflecting a significantly decreas-
ing incidence of femoral neck but not pertrochanteric frac-
tures. Median age at admission increased by 2 to 3 years in 
men and by 1 year only in women for both fractures, which 
is consistent with the more rapid ageing of the male popu-
lation (Fig. 1). Of note, and as evidenced in Fig. 2b, c, the 
interval between the incidence curves of femoral neck and 
pertrochanteric fractures narrowed over time. While both 
curves remained distinct in men, with femoral neck fractures 
remaining the most frequent, they became overlapping in 
women as of year 2010, with both fractures occurring at 
almost identical incidences since then.

Subtrochanteric fractures (ICD‑10 S72.2)

In men aged 45 years or older, the annual number of subtro-
chanteric fractures increased by 52% between 1998 and 2021 
(Fig. 3a). The overall crude incidence remained unchanged 
at 11 per 100,000 male-years (Fig. 3b) with non-significant 
trends being observed in all age groups. After age-stand-
ardization (Table 1), a modest but significant negative trend 
in incidence was observed (Fig. 3c). The average annual 
percent change in age-standardized incidence was − 0.32% 
(95%CI − 4.69 to 4.05). Median (IQR) age increased by 
8 years, from 70 (57–82) to 78 (65–85).

In women (Fig. 3a–c), the number of subtrochanteric 
fractures increased by only 9% during the 24 years of 
observation. By contrast, the crude incidence decreased 
from 27 to 21 per 100,000 female-years corresponding to 
a statistically significant negative trend in women aged 
45 years or older, seen at all ages but reaching statistical 
significance in the age group 75–84 only. Age-standardi-
zation further confirmed this negative trend Table 1. The 
overall AAPC was not significant: − 0.62% (95%CI − 4.51 
to 3.28). Median (IQR) age at admission went from 82 
(75–87) to 85 (77–89), an increase by 3 years.

Femoral shaft fractures (ICD‑10 S72.3)

As shown in Fig. 3a–c and Table 1, the number of acute 
hospitalizations for femoral shaft fractures increased by 71% 
in men, corresponding to a significantly increasing trend 
in the crude incidence per 100,000 male-years from 15 in 
year 1998 to 17 in year 2021. This trend reached statisti-
cal significance in all 10-year groups beyond age 65. The 

age-standardized incidence was identical in years 1998 and 
2021 with a remarkable biphasic aspect of the incidence 
curves unveiling a decrease between 1998 and 2005 followed 
by a marked increase between 2006 and 2021 leading to an 
overall significantly increasing trend over 24 years. However, 
when estimated by the AAPC and owe to the low number of 
cases, this overall trend was no more significant (+ 0.52% 
per year with 95%CI − 3.70 to 4.08). In men aged 45 years or 
older, median (IQR) age at admission was 71 (57–78) in year 
1998 and 78 (66–86) in year 2021, an increase by 7 years.

In women (Fig. 3a–c; Table 1), the number of femoral 
shaft fractures doubled over 24 years. The crude incidence 
followed an increasing significant trend from 25 to 36 per 
100,000 female-years with significant positive trends seen in 
all age groups beyond 65 years of age. The corresponding num-
bers (95%CI) for age-standardized incidence in women aged 
45 years or older were 25 (23–28) and 34 (31–36), respectively. 
The AAPC for the age-standardized incidence was 1.34% 
(95%CI − 3.39 to 6.07). Median (IQR) age at admission went 
from 80 (71–86) to 85 (77–90), an increase by 5 years.

“Non‑typical” osteoporotic fractures (ICD‑10 
S72.2 + S72.3)

In line with the above, the age-standardized incidence of 
non-typical osteoporotic fractures showed a significant 
positive trend in both men and women aged 45 years or 
older (r = 0.42, two-sided p = 0.042 and r = 0.60, p = 0.002, 
respectively) but not when estimated based on the average 
annual percent changes (95%CI) of + 0.19% (− 3.70 to 4.08) 
and + 0.49 (− 1.36 to 2.35) for men and women, respectively. 
This merged trend was the result of a decrease in subtrochan-
teric fractures combined with an increase in femoral shaft 
fractures observed in both sexes. The latter was driven by 
incidence increases in all age groups beyond 65 years of age 
for both sexes but more pronounced in women.

Discussion

Over the 24-year observation period (1998–2021) covered 
in the present analysis, femoral fractures were numerically 
increasing, especially in men, and followed epidemiological 
patterns differing by fracture localization, sex, age groups, 
and age at admission for acute hospitalization. The incidence 
of typical osteoporotic femoral fractures, also referred to as 
hip fractures, was decreasing in both men and women living 
in Switzerland. However, the analysis by fracture localiza-
tion unveiled that this decrease in hip fracture incidence, also 
referred to as a reversal of the secular trend, was mainly driven 
by a reduction in femoral neck fracture incidence while, in 
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contrast, the incidence of pertrochanteric fractures remained 
either unchanged (in men) or decreased only slightly (in 
women). The incidence of subtrochanteric fractures decreased 
slightly in both sexes, but the incidence of femoral shaft frac-
tures markedly increased, even more so in women than in 
men. Overall, median age at admission increased for all frac-
tures but more so in men than women, consistent with the 
faster ageing of the male population aged 45 years or older.

Hip fractures, a typical and severe complication of 
underlying osteoporosis in both men and women, involve 
the proximal part of the femur and usually include frac-
tures of the femoral neck and pertrochanteric fractures 
[11, 12], but may also include subtrochanteric fractures [9, 
13, 21]. In a recent analysis covering years 1998 through 
2018, the number of hip fractures (including subtrochan-
teric fractures) was shown to have increased by 42% and 
11% in men and women aged 45 years or older, respec-
tively, with decreasing age-standardized incidences in 
both (− 15% and − 22%, respectively) [13]. The latter has 
also been referred to as a reversal of a secular trend, first 
reported by Melton et al. in their seminal work in Roch-
ester, Minnesota [10]. In Switzerland, such a reversal of 
the secular trend in hip fracture incidence was first shown 
in the female population of Geneva, but not in males, in a 
prospective study covering 10 years (1991 to 2000) with 
a sample size of approximately one-twentieth of the one 
used for the present analysis [11, 12]. While pooling frac-
tures under the header of hip fractures does have its merits, 
including simplified analysis and reporting, it may dissim-
ulate more discrete changes of clinical relevance occurring 
at the individual fracture localization level.

The statistically significant decreasing trend in hip fracture 
incidence observed in both sexes over the past 24 years covers 
in fact a marked decrease in femoral neck fractures, more so 
in women than in men, and much smaller (women) or even 
inexistent (men) decrease in pertrochanteric fractures. This 
suggests that the observed reversal of the secular trend may 
not occur with the same magnitude at all hip fracture sites and 
should ultimately, if continuing, lead to a shift from femo-
ral neck fractures to pertrochanteric fractures becoming the 
predominant fracture localization. This is of concern as per-
trochanteric fractures are usually considered as more severe 
than femoral neck fractures and typically associated with 
longer hospital stays, higher functional impairment, reduced 
likeliness of early recovery, and higher mortality [4, 22]. A 
recent study performed in the Kyoto Prefecture of Japan, 
which compared two recent 5-year time periods (2008–2012 
and 2013–2017) reported that the number of femoral neck 
and pertrochanteric fractures had increased in all age groups 
beyond 65 years of age, except for pertrochanteric fractures 
in 75–84-year-old women. The estimated incidences showed 
an increase in femoral neck fractures in men aged 75 years 
or more and in women aged 85 years or more only [23]. The 

findings in Japan are discrepant with our findings according 
to which the incidence of femoral neck fractures decreased 
in all age groups between 1998 and 2021, more so in women 
than in men. The reasons for these differing observations may 
be multiple, including the duration of observation (24 vs. 
10 years), the population base used for calculating the inci-
dences (full country vs. regional/prefectural population), and 
Caucasian vs. Japanese hip fracture patients. However, also 
this study unveiled a difference in epidemiological “behavior” 
between femoral neck and pertrochanteric fractures deserving 
more research.

In the present analysis, median age at admission for a 
femoral fracture increased over time in both sexes, more so 
in men than in women, but was the same for femoral neck 
and pertrochanteric fractures in men (80 years in 2021) while 
women were generally older (83 years for femoral neck and 
85 years for pertrochanteric fractures). This is consistent with 
the observed incidence trends and the faster ageing of the male 
population but is of further concern as increasing age is associ-
ated with more comorbidities and poorer outcomes [22]. On 
the other hand, osteoporosis treatment is far more frequent in 
women than in men [24], which would be consistent with the 
larger magnitude of decrease of the age-standardized hip frac-
ture incidence observed in women. However, no association 
was found between the change in hip fracture incidence and 
the treatment rate with antiresorptives at the population level 
[9]. Furthermore, the proportion of patients at increased risk 
for fractures treated for osteoporosis remains low leading to a 
dilution of effect hampering signal detection at the population 
level [9]. Finally, antiresorptives increase bone mineral den-
sity more at the trochanter than at the femoral neck, possibly 
in relation with the larger amount of trabecular bone at the 
former, but may decrease the risk of both types of hip frac-
tures by the same order of magnitude [25, 26] although some 
clinical endpoint trials showed a lower effect with regard to 
pertrochanteric fracture risk reduction [27, 28]. Thus, at the 
population level, an effect of treatment would expectedly be 
seen, if at all, rather in women than in men and with a similar 
effect size at both fracture localizations. The marked decrease 
seen in femoral neck fractures in both sexes and the discrepant 
changes seen with pertrochanteric fractures are not consistent, 
neither in quantity nor in quality, with a to-be-expected effect 
of osteoporosis drug therapy at the population level.

A task force of the American Society for Bone and Min-
eral Research proposed a case definition for atypical femoral 
fractures (AFF) which included the following major features: 
a localization in the subtrochanteric region or the femoral 
shaft, transverse or short oblique orientation, minimal or no 
associated trauma, a medial spike when the fracture is com-
plete, and absence of comminution [5, 6]. In a population of 
female patients with osteoporosis included in three fracture 
endpoint trials, of which 50% were treated with placebo, the 
overall incidence of AFF was estimated at 23 per 100,000 
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patient-years (12 AFFs of 283 hip or femoral fractures dur-
ing 51,287 patient-years) [25]. For the present work, neither 
radiological nor fall or trauma information was available. Thus, 
only fracture localization could be used as an indicator for sus-
picion of an AFF, and the terminology of non-typical femoral 
fracture was used to prevent any confusion. Subtrochanteric 
fractures exhibited a flat to slightly decreasing incidence trend. 
By contrast, femoral shaft fractures showed a marked increase 
in incidence in men and even more so in women. Consider-
ing the low incidence of AFF, the increase in shaft fractures 
observed in both sexes, although men are undertreated, and 
following the above argumentation regarding signal detection 
at the population level, it appears unlikely that the use of antire-
sorptives may explain an increase of this magnitude. Rather, 
this increase should be seen in the context of increased physical 
and injury-prone high-velocity activities at ever older ages. The 
latter include heavily advertised e-biking but also skiing and 
mountain-trekking for seniors. Men hospitalized for a femoral 
shaft fracture in 2021 were 7 years older than in 1998 and 
women 5 years older. Furthermore, the incidence increase was 
observed in the 10-year age groups beyond 65 with the largest 
increases observed in the oldest old. In January 2009, a new 
tariff-system based on diagnosis-related groups (DRG) was 
implemented in Switzerland. Briefly, acute hospitalizations 
became reimbursed by health insurances based on flat rates. 
Despite quality control measures aimed at preserving longitu-
dinal data consistency, an effect of such an important change 
on the use of diagnostic codes cannot be excluded. However, 
femoral shaft fractures started increasing earlier (in 2005 in 
men and in 2008 in women), and the magnitude of increase 
renders an intended or unintended pure effect of changes in 
diagnostic coding highly unlikely.

The present study has strengths and limitations. Among the 
strengths, the 24 years of observation were derived from the 
same database, covering more than 95% of all Swiss hospi-
tals since 2002 (100% since 2010), managed with consistent 
and sustained quality standards over time. Furthermore, only 
femoral fractures were considered which virtually all end up 
with an acute hospitalization such that the observed longitudi-
nal trends should be considered reliable. Another key strength 
is the analysis by fracture localization which unveiled yet 
unknown and still unexplained epidemiological differences 
between fractures of the femoral neck and pertrochanteric 
fractures. A sensitivity analysis restricted to the subset of hos-
pitals which had participated throughout the whole period of 
observation, i.e., from the beginning in 1998 onwards, could 
not be performed. For preserving comparability with previ-
ously published work, age-standardization was performed 
based on data pooled by 10-year age groups. Owing to the 
exponential increase of femoral fractures with increasing age, 
this comes at the expense of a loss in granularity. However, 
with femoral neck fractures taken as an example and using 
year 1998 as reference year, using 10-year age groups instead 

of 5-year age groups led to an overestimation of the age-
standardized incidence of 1.5% in men and 1.6% in women 
in year 2021. This overestimation in the extremes is expected 
to be less in years closer to the reference year. Another limita-
tion of the study pertains to the absence of easily accessible 
comorbidity and trauma indicators which precluded a more 
detailed analysis involving trauma velocity and health status at 
admission. More work is thus needed for better understanding 
these differences. Similarly, the marked increase in femoral 
shaft fractures observed in both sexes deserves more research.

In conclusion, femoral fractures are frequent and increas-
ing in number more in men than in women, consistent with 
a more rapid ageing of the male population aged 45 years 
and older. While a reversal in the secular trend for hip frac-
tures was confirmed in both sexes, it appeared to occur at 
the femoral neck fracture level mainly with little or no con-
tribution from the clinically usually more severe pertro-
chanteric fractures. Fractures of the femoral shaft, albeit 
remaining at a low incidence, have almost doubled in num-
ber over the period of observation in both sexes. Overall, 
osteoporosis in men requires increased clinical attention.
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