
Vol.:(0123456789)1 3

Osteoporosis International 
https://doi.org/10.1007/s00198-023-06990-6

ORIGINAL ARTICLE

Epidemiology of forearm fractures in women and men in Norway 
2008–2019

Camilla Andreasen1,2  · Cecilie Dahl3  · Lene B. Solberg4  · Tove T. Borgen5  · Torbjørn Wisløff6  · 
Jan‑Erik Gjertsen7,8  · Wender Figved9,10  · Jens M. Stutzer11  · Frida I. Nissen1,2,12  · Lars Nordsletten4,10  · 
Frede Frihagen10,13  · Åshild Bjørnerem2,12,14  · Tone K. Omsland3 

Received: 27 March 2023 / Accepted: 24 November 2023 
© The Author(s) 2023

Abstract
Summary The purpose of this paper is to describe rates of forearm fractures in adults in Norway 2008–2019. Incidence 
rate of distal forearm fractures declined over time in both sexes. Forearm fracture constitute a significant health burden and 
prevention strategies are needed.
Purpose To assess age- and sex-specific incidence rates, and time trends for forearm fractures in Norway, and compare these 
with incidence rates in other Nordic countries.
Methods Data on all patients aged 20–107 years with forearm fractures treated in Norwegian hospitals from 2008 to 2019 
was retrieved from the Norwegian Patient Registry. Fractures were identified based on International Classification of Disease 
10th revision code S52. Age- and sex-specific incidence rates and changes in incidence rates were calculated.
Results We identified 181,784 forearm fractures in 45,628,418 person-years. Mean annual forearm fracture incidence rates 
per 100,000 person-years were 398 (95% CI 390–407) for all, 565 (95% CI 550–580) for women, and 231 (95% CI 228–234) 
for men above 20 years. Mean annual number of forearm fractures was 15,148 (95% CI 14,575–15,722). From 2008 to 2019, 
age-adjusted total incidence rates of forearm fractures S52 diagnoses declined by 3.5% (incidence rate ratio (IRR) of 0.997 
(95% CI 0.994–0.999)) in men. The corresponding decline in women was not significant (IRR: 0.999 (95% CI 0.997–1.002)). 
In the same period, the age-adjusted incidence rates of distal forearm fractures declined by 7.0% in men (IRR = 0.930; 95% 
CI 0.886–0.965) and 4.7% in women (IRR = 0.953; 95% CI 0.919–0.976). The incidence rates of distal forearm fractures 
were similar to rates in Sweden and Finland.
Conclusion Age-adjusted incidence rates of distal forearm fractures in both sexes declined over time.
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Introduction

Forearm fractures are common, especially in women, and 
distal forearm fractures contribute substantially to the 
burden of osteoporotic fractures [1, 2]. A forearm fracture 
results in morbidity for those affected, and especially a distal 
forearm fracture in patients 50 year or older is a risk factor 
for future fractures, including the more severe hip fracture 
with high associated mortality [3–6]. Therefore, evaluation 
of osteoporosis after distal forearm fracture is important to 
identify persons in need of osteoporosis treatment to reduce 
morbidity and mortality by preventing hip, vertebral, and 
proximal non-hip non-vertebral fractures [7].

Norway and the rest of Scandinavia have among the 
highest incidences of distal forearm fractures in the world 
[8]. Studies from both North America, Australia, and 
Scandinavia have shown increasing age-adjusted incidence 
rates until 1980, and declining rates thereafter [9–12]. The 
decline in incidence of distal forearm fractures was con-
firmed in data from Oslo, Norway in 2007, after showing 
no significant change in incidence rates between 1979 and 
1998/99 [10, 13]. However, recent Swedish studies have 
shown increasing incidence rates of distal forearm fracture 
between 1999 and 2010 [2, 14, 15], but decreasing inci-
dence of distal forearm fractures from 2001 and 2016 [11].

The incidence of forearm fractures has previously been 
estimated from small studies in many countries [2, 16]. 
The mean age- and sex-adjusted incidence rate of distal 
forearm fractures in adult over 18 years of age was 244 
per 100,000 person-years (PY) in Norway from 2009 to 
2014 in a study based on data from Norwegian Patient 
Registry (NPR) [17]. However, national age- and sex-
specific forearm fracture incidence rates and time trends 
have not been studied in Norway.

Norway has a universal access single-payer health care 
system and fractures treated in secondary care are reported 
to NPR. Most forearm fractures in Norway are treated at 
hospitals, but in areas located far from hospitals uncom-
plicated forearm fractures may be treated in primary care 
only and these fractures are recorded in another register 
(Norwegian Control and Payment of Health Reimburse-
ment). A study comparing forearm fractures registered 
both in primary and in secondary care found that 92.6% 
were detected by the NPR, whereas 7.4% were registered 
by primary health care alone [18]. The study also found 
that in remote areas, 80% of forearm fractures were treated 
in primary care on site, and a review of medical records 
showed that 60% of registrations in the remote primary 
care facilities were incident forearm fractures.

The aim of this study was to investigate nationwide 
overall numbers and age-standardized incidence rates 
of forearm fractures between 2008 and 2019 in Norway 

among women and men over 20 years of age. Comparisons 
were made by year, age, sex, and seasons. In addition, 
we wanted to examine overall numbers and age-specific 
incidence rates of distal and proximal forearm fractures, 
as distal forearm fracture are associated with osteoporo-
sis and is an important risk factor for subsequent osteo-
porotic fractures. We compared overall incidence rates 
of forearm fractures during summer and winter (by sex 
and age). Lastly, we compared the standardized incidence 
rates of distal forearm fracture in Norway to standardized 
incidence rates from previous studies from other Nordic 
countries.

Materials and methods

Study population

Women and men over the age of 20 years treated for a fore-
arm fracture between January 1, 2008, and December 31, 
2019, in Norway were included. De-identified patient-level 
data from the NPR on all fractures treated in Norwegian 
hospitals and large emergency units was retrieved, both in- 
and outpatients (main or additional diagnosis).

Data on background population demographics on January 
1, of the years 2008–2020, were retrieved from Statistics 
Norway. Mid-year populations were calculated as the mean 
of the population with the age X of the respective year, and 
the population with the age X + 1 the following year.

Forearm fracture diagnoses

The International Classification of Disease 10th revision 
codes (ICD-10) S52 with subgroups were used to define 
forearm fractures. Proximal forearm fractures were identified 
with the ICD-10 codes S52.0 and S52.1 and distal forearm 
fractures with ICD-10 codes S52.5 and S52.6. Shaft frac-
tures were defined as fractures with the ICD-10 codes S52.2, 
S52.3, and S52.4, and fractures with the ICD-10 codes 
S52.7, S52.8, and S52.9 were classified as other forearm 
fractures. The ICD-10 codes for follow-up visits and Nordic 
Medico-Statistical Committee (NOMESCO) Classification 
of Surgical Procedures (NCSP) [19] for reduction, treatment 
with a cast, and reoperation were used to separate between 
incident and prevalent forearm fractures; see supplementary 
Table S1 and S2 for full list of codes used for this classi-
fication. We excluded registrations with ICD-10 codes for 
follow-up visits, except for first-time fracture registrations 
with a code for follow-up visit. This was done because some 
patients with fractures receive initial treatment in primary 
care (not reporting to the NPR) before being referred to hos-
pital, and therefore the incident fracture is sometimes coded 
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as a follow-up visit in secondary care (reporting to the NPR). 
Fractures with NCSP code for reoperation were excluded.

Validation and wash‑out period

The validity of the S52.1 through S52.9 diagnosis was exam-
ined in the patient administrative systems (reporting to the 
NPR) in five Norwegian hospitals in 2015 [20]. A washout 
period of 6 months was used for patients with more than one 
fracture registration, and a maximum of two forearm frac-
tures per person in the study period was allowed. A maxi-
mum of two forearm fractures was chosen to limit the risk 
of counting prevalent forearm fractures as incident forearm 
fractures.

Statistical analyses

We calculated age- and sex-specific incidence rates per 
100,000 person-years (PY), using mid-year populations in 
1-year age groups as approximations for population at risk 
each year. Age-standardization was performed by the direct 
method, using the mean of the age distribution in Norway 
in 1-year age groups as standard population. This was done 
separately for women and men. To investigate time trends, 
we used linear regression to evaluate change in age at first 
fracture over time (retrieving β with 95% confidence interval 
(CI)), and negative binomial regression (incidence rate ratios 
(IRRs) with 95% CI) to evaluate change in age-adjusted 
incidence rates over time. For calculations of median age at 
first fracture, patients experiencing fractures in the period 
2008–2010 were excluded to make sure that we counted the 
first forearm fracture starting from 2011. Mean age-specific 
incidence rates of forearm fractures in summer (June, July, 
and August) and winter (December, January, and February) 
months were compared in women and in men.

To facilitate comparison with other studies, number of 
fractures (comparable with our data and person-years in 
10-year age groups) was obtained from published studies 
where this information was available. Comparison of stand-
ardized incidence rates was performed by the direct method 
using the mean age distribution of all included studies as the 
reference. Incidence rates from the different studies were 
compared using negative binomial regression.

We performed a sensitivity analysis including the addi-
tional 7% of forearm fractures not registered in NPR [18], 
to examine whether the time trend in incidence of forearm 
fractures changed. We also presented overall rates adjusted 
for registrations of approximately 5% of forearm fractures 
that were registered only in primary care. There are two rea-
sons for not including the primary care data in all analyses. 
Firstly, data registered in primary care is less specific and 
does not allow analyses of fracture subgroups, because it 
is based on ICPC codes. Secondly, less is known about the 

validity of the primary care registrations, and our attempt 
to identify the missing fractures treated in primary care in 
a pilot study suggested that the registration is less accurate 
than the NPR data, due to a high amount of tentative diagno-
sis (Dahl & Omsland). Thirdly, the registrations exclusively 
in primary care occur more often among men and younger 
patients, which complicates age-specific overall adjustments. 
Consequently, in the main analysis, we used data only from 
secondary care, and included first-registration fractures even 
if they had a follow-up control code. To examine whether the 
time trends changed when including fractures form primary 
care, we performed two sensitivity analyses using data from 
Dahl et al. [18]: (a) secondary care data, without fractures 
coded as follow-up visits and without those treated exclu-
sively in primary care, and (b) secondary care data with 
first fracture registrations coded as follow-up visits, and with 
those treated exclusively in primary care.

All statistical analyses were performed in STATA (Ver-
sion 16, StataCorp LP, TX, USA). We considered a two-
sided alpha = 0.05 to be statistically significant.

Results

During the study period, we identified a total of 181,784 
forearm fractures in 45,628,418 PY after the age of 20 years 
and 131,390 forearm fractures in 20,572,100 PY after the 
age of 50 years. Women accounted for 71% of all fractures 
and 80% of the fractures over the age of 50 years. Median 
age at first forearm fracture was 64 (20–106) years for 
women and 50 (20–103) years for men. During the calendar 
years 2011–2019, the mean age at first fracture declined sig-
nificantly for women by 0.11 years (95% CI − 0.16; − 0.07), 
while it increased for men by 0.12 years (95% CI 0.04–0.19).

Overall number and incidence rates (all S52 codes)

The mean number of all forearm fractures per year, 
in the period from 2008 to 2019, was 15,148 (95% CI 
14,575–15,722), (Table 1). Number of forearm fractures 
by types, i.e., proximal (S52.0, S52.1), shaft (S52.2, S52.3, 
S52.4), distal (S52.5, S52.6), and others (S52.7, S52.8, 
S52.9), are shown in Supplementary Table S3. The mean 
annual incidence rates per 100,000 PY of all forearm frac-
tures (all S52 codes) after the age of 20 years were 398 
(95% CI 390–407) for both sexes, 565 (95% CI 550–580) 
for women, and 231 (95% CI 228–234) for men (Table 1, 
Fig. 1). The corresponding rates per 100,000 PY adjusted 
for 5% of forearm fractures that were calculated to be treated 
only in primary care were 593 in women and 240 in men. 
Mean annual incidence rates of all forearm fractures after 
the age of 50 were 981 (95% CI 956–1006) for women and 
268 (95% CI 264–273) per 100,000 PY for men.
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Age‑specific incidence rates

Incidence rates increased steeply after the age of 50 in 
women, whereas in men incidence rates were slightly 
higher in the early twenties, declined until the early 
thirties and thereafter increased slowly until the age 
of 80 years where there was a steeper increase in rates 
(Fig. 2). The crude annual incidence rates by age groups 
are shown in Supplementary Table S4.

Time trends in incidence rates

The age-adjusted incidence rates of all forearm fractures were 
stable during the study period for women but declined by 
3.5% for men. The IRRs were 0.999 (95% CI 0.997–1.002) 
for women and 0.997 (95% CI 0.994–0.999) for men.

The mean annual number of distal and proximal forearm 
fractures is shown in Supplementary Table S5. Women accounted 
for 75% of the distal and 58% of the proximal forearm fractures.

Table 1  Age-adjusted annual incidence of all forearm fractures (ICD-10 code S52) per 100,000 person-years

a Mid-year population obtained from statistics Norway
b Both main and additional diagnosis codes from the patient register

Years Midyear  populationa N  S52b Incidence women Incidence men Incidence 
women > 50 years

Incidence 
Men > 50 years

2008 3,509,624 14,264 579 236 1024 281
2009 3,561,006 14,072 557 236 961 263
2010 3,613,231 14,709 577 238 992 271
2011 3,672,577 14,837 580 230 1005 276
2012 3,734,076 14,517 552 228 960 268
2013 3,791,489 15,566 588 236 1025 273
2014 3,845,937 14,043 508 224 890 256
2015 3,896,213 15,157 549 230 953 260
2016 3,940,147 15,484 560 225 970 260
2017 3,981,378 15,973 573 225 995 269
2018 4,020,643 16,722 591 233 1,020 274
2019 4,062,097 16,440 570 229 986 271
Total 45,628,418 181,784
Mean (95% CI) 565

(551–580)
231
(228–234)

982
(957–1006)

268
(264–273)

Fig. 1  Incidence rates of all 
forearm fractures per 100,000 
person-years for women and 
men by year
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Mean annual incidence rates per 100,000 PY for distal 
forearm fractures for all patients, women, and men over 
20 years were 274 (95% CI 265–284), 415 (95% CI 402–428), 
and 136 (95% CI 133–139), respectively. For proximal forearm 
fracture, the mean annual incidence rates per 100,000 PY were 
70 (95% CI 66–72) for women and 51 (95% CI 50–53) for 
men. For patients over 50 years, the mean annual incidence 
rates per 100,000 PY for distal forearm fractures was 747 (95% 
CI 724–769) for women and 178 (95% CI 174–183) for men.

Age-adjusted incidence rates of distal forearm frac-
tures significantly declined from 2008 to 2019 by 4.7% 
for women (IRR = 0.953 (95% CI 0.919–0.976)) and 7.0% 
for men (IRR = 0.930; 95% CI 0.886–0.965). The age-
adjusted incidence rates of proximal forearm fractures 

from 2008 to 2019 increased for both women (IRR = 1.010 
(95% CI 1.005–1.015)) and men (IRR = 1.010 95% CI 
(1.005–1.015)).

Comparison of mean incidence rates of forearm 
fracture by season

In women, the mean forearm fracture incidence rate per 
100,000 PY during 2008–2019 was higher in winter 1142 
(95% CI 1068–1215) than summer 802 (95% CI 752–853), 
p < 0.001, whereas difference observed in men was less 
pronounced, 462 (95% CI 361–562) vs. 362 (95% CI 
291–434), p = 0.11 (Fig. 3).

Fig. 2  Incidence rates of all 
forearm fractures per 100,000 
person-years by age and sex
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Fig. 3  Incidence rates of all forearm fractures per 100,000 person-years (PY) by age and sex in winter (December-February) and summer (June–
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Comparison of age‑standardized rates of distal 
forearm fractures by country

The incidence rates of distal forearm fractures in the current 
study from Norway among patients 20 years and older were 
not significantly different compared to incidence rates in 
studies from Sweden and Finland, but lower in women 
(p < 0.001) not in men (p = 0.072) compared to a study from 
Denmark (Table 2).

Validation and sensitivity analyses

With the algorithm used to define fractures in the current 
study, we have estimated a positive predictive value of 
91%. The patient administrative system covered 90% of the 
verified S52-fractures identified by the x-ray/CT searches.

The sensitivity analysis showed that including forearm 
fractures treated in primary care increased the overall 
incidence rate by approximately 6% (Supplementary 
Table S6). Additionally, the sensitivity analyses showed 
no essential changes in the incidence rates of all forearm 
fracture by time.

Discussion

This is the first study on age- and sex-specific nationwide 
incidence rates and time trends of forearm fractures in 
Norway. For the study period of 12 years, we identified a total 
of 181,784 forearm fractures during 45,628,418 PY in women 

and men over 20 years of age. The mean annual incidence 
rate was 565 and 231 per 100,000 PY for women and men, 
respectively. The overall age-standardized incidence rates of 
all forearm fractures declined by 3.5% for men and remained 
unchanged for women during the study period. Age-adjusted 
incidence rates of distal forearm fractures slightly declined 
from 2008 to 2019 for both women and men. The mean age at 
first forearm fracture decreased for women and increased for 
men. Mean incidence rates of forearm fractures were higher 
in winter compared to summer in women, but no difference 
was observed in men.

Comparison to other studies

A distal forearm fracture is important because it is known 
to be associated with osteoporosis and is associated with 
an increased risk of a subsequent osteoporotic fracture 
[21]. When focusing solely on distal forearm fractures, it 
was possible to compare results to other Nordic countries. 
However, comparison to other studies should be done 
cautiously. The different studies included patients from 
different age groups and the ICD-10 codes used for 
identification of forearm fractures and the procedure codes 
used to separate prevalent from incident cases varied in 
these studies. Furthermore, the age and sex distribution 
differed between studies from the Nordic countries. To 
correct for differences in these demographic compositions, 
we performed a standardized comparison of incidence rates 
of distal forearm fractures, where we calculated standardized 
incidence rates of distal forearm fractures (S52.5 and S52.6). 

Table 2  Age-standardized distal forearm fractures, crude, and adjusted incidence rates per 100,000 person-years in women and men over 
20 years and over 50 years of age

a Data from studies with available published data
b Age-standardized by the direct method

Authora Year(s) Country ICD-10 codes/frac-
ture type

Crude inci-
dence rates, 
women

Adjusted incidence 
 ratesb (95% CI), 
women

Crude inci-
dence rates, 
men

Adjusted incidence 
 ratesb (95% CI), 
men

20 + years
  Current study 2008–2019 Norway S52.5, S52.6 415 421 (418–424) 137 137 (135–138)
  Lofthus et al 1998/1999 Norway S52.5, S52.6 560 603 (567–638) 192 244 (213–275)
  Jerrhag et al 1999–2010 Sweden S52.5, S52.6, S52.8 412 385 (380–390) 143 141 (137–144)
  Abrahamsen et al 2010 Denmark S52.5 S52.6 530 519 (509–528) 152 152 (146–157)
  Flinkkilä et al 2008 Finland S52.5, 52.6 381 416 (359–473) 167 167 (129–205)

 + 50 years
  Current study 2008–2019 Norway S52.5, S52.6 746 750 (745–755) 178 179 (176–181)
  Lofthus et al 1998/1999 Norway S52, S62.8 1098 1062 (992–1131) 221 234 (197–271)
  Diamantopoulos 

et al
2004/2005 Norway S52.5, S52.6 796 796 (737–854) 216 216 (183–245)

  Jerrhag et al 1999–2010 Sweden S52.5, S52.6 712 688 (679–698) 172 168 (163–174)
  Abrahamsen et al 2010 Denmark S52.5, S52.6 926 932 (913–950) 203 205 (195–214)
  Flinkkila et al 2008 Finland S52.5, S52.6 710 725 (614–836) 223 232 (160–304)
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However, the studies differed in the method for identification 
of distal forearm fractures and calendar year. We found lower 
incidence rates of forearm fractures in the current study [10] 
compared to a study from Oslo, Norway, where true fractures 
were verified manually from medical records and x-ray 
reports from 1999 [10]. However, the higher incidence rates 
in the Oslo study [10] could also partly be explained by actual 
higher incidence rates in urban areas (compared to in our 
nationwide study), and/or be a result of declining incidence 
rates of distal forearm fracture over time [22, 23]. The crude 
incidence rates in the current study were comparable to 
those shown in Akershus county in 2010–2011 and South 
of Norway in 2004–2005 [13, 24]. Comparing our results 
in the current study to the Finnish and the Swedish studies, 
incidence rates for both women and men were not significantly 
different, whereas the Danish rates were significantly higher 
in women but not in men [2, 14, 25]. The total annual number 
of proximal and distal forearm fractures in our study was 
markedly lower than those in Denmark from 2010. However, 
standardized incidence rates were comparable; thus, the crude 
differences may be due to different underlying population 
distributions in the two countries [16].

Despite somewhat different criteria for the definition of 
forearm fracture cases, we report very similar incidence rates 
of distal forearm fracture as a previous nationwide Norwe-
gian study based on the same data source, where mean age- 
and sex-adjusted incidence rates from 2009 to 2014 were 
244 per 100,000 PY (versus 274 in the present study) [17].

Women sustained the majority of the fractures, and the 
male-to-female ratio of 1:4 for those over 50 years were 
comparable to previous studies [13, 24]. Furthermore, 
we found the same increase in incidence rates for women 
after the age of 50 years as shown in previous studies and 
similar incidence rates for men [10, 13, 23, 24]. The mean 
age at the first forearm fracture was significantly higher for 
women compared to men. The pattern of the incidence rates 
by age in women and men were strikingly different, with 
progressively increased risk of forearm fracture after age 
50 in women. In men, rates peak at age 20, declined, and 
thereafter slowly increased all the way into old age after age 
35. The observed mean ages and the differences are in line 
with previous studies [10, 23, 26].

A decline in incidence rates of distal forearm fractures 
in Norway based on significantly lower incidence rates in 
South Norway in 2004–2005 compared to the Oslo study 
from 1998/99 has previously been shown [10, 13]. The 
decline in age-adjusted incidence rates of distal forearm 
fractures (S52.5 and S52.6) for both women and men dur-
ing 2008–2019 in our study suggests a continued decline 
after 2005. Unfortunately, it is not possible to study nation-
wide incidence rates before 2008 as this was the first year 
with person identifiable data in the Norwegian Patient Reg-
ister. Danish studies showed a decline in incidence rates of 

forearm fractures between 1995 and 2010 [12]. However, the 
Danish and Finnish studies showed no change in nationwide 
incidence rates of distal forearm fractures between 2013 and 
2019 [27, 28]. Swedish studies showed an increase of the 
incidence rate of distal forearm fractures between 1999 and 
2010 and a decrease between 2001 and 2016 [2, 11, 14, 
15]. The increase in incidence rates is from studies in the 
same region in Sweden (Skåne) including fractures from 
1999 to 2010 [2, 14]. However, a study on residents in the 
north-eastern part of this region (Skåne) showed decreasing 
incidence rates of distal forearm fractures from 2001 and 
2016 [11]. Furthermore, the incidence rate of distal forearm 
fractures decreased for both children and those over 65 in 
Stockholm between 2004 and 2010 [15].

The observed decline in incidence rates could have 
multiple explanation. Firstly, changes in lifestyle with 
reduced smoking, which is a known risk factor for 
osteoporotic fractures, as well as an increase in body mass 
index in the population, which have shown to reduce the risk 
of distal forearm fractures in women [29, 30]. Secondly, an 
increase in usages of anti-osteoporotic drugs, although we 
know from a regional Norwegian study that osteoporosis is 
undertreated [31].

The NPR did not include registrations of the personal 
identification number before 2008, and for that reason 
fractures that year and the years after might have been 
underreported. Consequently, the true decline in incidence 
rates could be somewhat greater than what we have shown in 
this study. The low number of fractures in 2014 can probably 
be explained by an unusually mild winter and spring in 
Norway in 2014, as outdoor temperature has been found to 
be associated with forearm fracture incidence in Norway, 
particularly in women [32]. Also, we observed higher 
mean incidence of forearm fractures for women in winter 
compared to summer and women sustained the majority of 
the fractures in the study.

The increase of the aging population will increase the 
workload on hospitals, as well as the fracture-related costs.

For patients, forearm fractures are painful and may lead to 
long-term disability and sick leave [33, 34]. Distal forearm 
fractures are common fractures in Norway, especially during 
sub-zero temperatures, and they are highly associated 
with osteoporosis [32, 35, 36]. Nonetheless, treatment of 
osteoporosis after fractures has been suboptimal in Norway; 
only 11.2% of women and 2.7% of men used AOD the 
first year after a first forearm fracture [37]. A first fracture 
increases the risk of new fractures, and a fracture liaison 
service, which includes patient-specific advice and treatment 
with anti-osteoporosis drugs (AOD), may reduce this risk 
[7, 34, 38]. The results of this study warrant attention to 
preventive strategies such as fracture liaison service to 
minimize the risk of subsequent fractures in patients with 
forearm fracture.
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Our study has strengths and limitations. This is the first 
nationwide study reporting age- and sex-specific incidence 
rates of forearm fractures in Norway. We included all 
forearm fractures in patients 20 years and older. The main 
analysis focused on fractures treated in secondary care, 
and we included additional fractures exclusively treated in 
primary care in sensitivity analysis. The sensitivity analysis 
showed no differences in time trends of incidence rates of 
forearm fractures compared to the main analysis. The use 
of patient registers, such as the NPR, has both advantages 
and disadvantages. It allows large populations to be studied 
over an extended period of time. However, some degree of 
misclassification is likely to occur in patient register data and 
we performed a validation study to investigate this. Given the 
algorithm used to define outcomes, we estimated a positive 
predictive value of 91% and the sensitivity was 90%. In 
studies of incidence rates, false negative cases should balance 
the false positive cases in order to obtain estimates near true 
values. If anything, we might have underestimated the true 
incidences slightly based on these data. Still, there is some 
underestimation of incidence rates, as up to 7% of all cases 
are treated by the primary care only [18].

In conclusion, nationwide age- and sex-specific incidence 
rates of forearm fractures are high in Norway. During 
2008–2019, there was a decline in the overall age-standardized 
incidence rates of all forearm fractures for men, but not for 
women. However, the age-standardized incidence rates of 
distal forearm fractures declined in both sexes in the period. 
Even though very high incidence rates of forearm fracture 
have been reported in Oslo previously, rates in the current 
study were not significantly higher compared to other Nordic 
countries.

Supplementary Information The online version contains supplementary 
material available at https:// doi. org/ 10. 1007/ s00198- 023- 06990-6.

Funding Open access funding provided by UiT The Arctic University 
of Norway (incl University Hospital of North Norway). The study was 
financially supported by The Regional Health Authorities (243852), 
The North Norwegian Health Authorities (14083), and Vestre Viken 
Hospital Trust (1903007).

Data availability Due to protection of privacy under General Data 
Protection Regulation and Norwegian law, the individual-level data 
can only be made available after approval by the Regional Committee 
for Medical and Health Research Ethics.

Declarations 

Ethical approval The study was approved by the Regional Committee 
for Medical and Health Research Ethics. The University of Oslo 
performed a Data Protection Impact Assessment (DPIA) in agreement 
with the General Data Protection Regulation. The study on validation 
of the S52 diagnosis was approved by the Norwegian Directorate of 
Health and Norwegian Agency for Shared Services in Education and 
Research. In addition, the University of Oslo performed a separate 
DPIA.

Disclaimer The funders had no role in the design or conduction of the 
study, as well as collection, analyses, or data interpretation.

Conflict of interest CA, CD, LBS, TW, JMS, FIN, LN, ÅB, and TKO 
report no support from any organization for the submitted work; TTB 
reports speaker fees from UCB, Amgen, Roche, and Pharma Prim. 
Advisory board for UCB; JEG reports speaker fees from Ortomedic 
Norway and LINK Norway; WF reports speaker fees from Ortomedic 
and Zimmer Biomet; FF reports speaking fees from UCB and Amgen.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by-nc/4.0/.

References

 1. Johnell O, Kanis JA (2006) An estimate of the worldwide 
prevalence and disability associated with osteoporotic frac-
tures. Osteoporosis Int 17:1726–1733. https:// doi. org/ 10. 1007/ 
s00198- 006- 0172-4

 2. Jerrhag D, Englund M, Karlsson MK, Rosengren BE (2017) Epi-
demiology and time trends of distal forearm fractures in adults - a 
study of 11.2 million person-years in Sweden. BMC Musculo-
skelet Disord 18:240. https:// doi. org/ 10. 1186/ s12891- 017- 1596-z

 3. Kanis JA, Johansson H, Oden A et al (2018) Characteristics of 
recurrent fractures. Osteoporosis Int 29:1747–1757. https:// doi. 
org/ 10. 1007/ s00198- 018- 4502-0

 4. Melton LJ 3rd (2003) Adverse outcomes of osteoporotic fractures 
in the general population. J Bone Mineral Res 18:1139–1141. 
https:// doi. org/ 10. 1359/ jbmr. 2003. 18.6. 1139

 5. Frederiksen A, Abrahamsen B, Johansen PB, Sorensen HA (2018) 
Danish, national cross-sectional observational study on the preva-
lence of prior major osteoporotic fractures in adults presenting 
with hip fracture-limitations and scope for fracture liaison services 
in prevention of hip fracture. Osteoporosis Int 29:109–114. https:// 
doi. org/ 10. 1007/ s00198- 017- 4247-1

 6. van der Velde RY, Wyers CE, Geusens P, van den Bergh JPW, de 
Vries F, Cooper C, van de Staa TP, Harvey NC (2018) Incidence 
of subsequent fractures in the UK between 1990 and 2012 among 
individuals 50 years or older. Osteoporosis Int 29:2469–2475. 
https:// doi. org/ 10. 1007/ s00198- 018- 4636-0

 7. Alarkawi D, Bliuc D, Tran T, Ahmed LA, Emaus N, Bjørnerem 
A, Jørgensen L, Christoffersen T, Eisman JA, Center JR (2020) 
Impact of osteoporotic fracture type and subsequent fracture 
on mortality: the Tromsø Study. Osteoporosis Int 31:119–130. 
https:// doi. org/ 10. 1007/ s00198- 019- 05174-5

 8. Borgstrom F, Karlsson L, Ortsater G et al (2020) Fragility frac-
tures in Europe: burden, management and opportunities. Arch 
Osteoporos 15:59. https:// doi. org/ 10. 1007/ s11657- 020- 0706-y

 9. Cooper C, Cole ZA, Holroyd CR, Earl SC, Harvey NC, Dennison 
EM, Melton LJ, Cummings SR, Kanis JA (2011) Secular trends in 
the incidence of hip and other osteoporotic fractures. Osteoporosis 
Int 22:1277–1288. https:// doi. org/ 10. 1007/ s00198- 011- 1601-6

https://doi.org/10.1007/s00198-023-06990-6
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1007/s00198-006-0172-4
https://doi.org/10.1007/s00198-006-0172-4
https://doi.org/10.1186/s12891-017-1596-z
https://doi.org/10.1007/s00198-018-4502-0
https://doi.org/10.1007/s00198-018-4502-0
https://doi.org/10.1359/jbmr.2003.18.6.1139
https://doi.org/10.1007/s00198-017-4247-1
https://doi.org/10.1007/s00198-017-4247-1
https://doi.org/10.1007/s00198-018-4636-0
https://doi.org/10.1007/s00198-019-05174-5
https://doi.org/10.1007/s11657-020-0706-y
https://doi.org/10.1007/s00198-011-1601-6


Osteoporosis International 

1 3

 10. Lofthus CM, Frihagen F, Meyer HE, Nordsletten L, Melhuus K, 
Falch JA (2008) Epidemiology of distal forearm fractures in Oslo, 
Norway. Osteoporosis Int 19:781–786. https:// doi. org/ 10. 1007/ 
s00198- 007- 0499-5

 11. Ali M, Eiriksdottir A, Murtadha M, Akesson A, Atroshi I (2020) 
Incidence of distal radius fracture in a general population in 
southern Sweden in 2016 compared with 2001. Osteoporosis Int 
31:715–720. https:// doi. org/ 10. 1007/ s00198- 020- 05282-7

 12. Abtahi S, Driessen JHM, Vestergaard P, van den Bergh J, Boonen 
A, de Vries F, Burden AM (2018) Secular trends in major osteo-
porotic fractures among 50+ adults in Denmark between 1995 
and 2010. Arch Osteoporos 13:91. https:// doi. org/ 10. 1007/ 
s11657- 018- 0503-z

 13. Diamantopoulos AP, Rohde G, Johnsrud I, Skoie IM, Hochberg 
M, Haugeberg G (2012) The epidemiology of low- and high-
energy distal radius fracture in middle-aged and elderly men and 
women in Southern Norway. PLoS ONE 7:e43367. https:// doi. org/ 
10. 1371/ journ al. pone. 00433 67

 14. Rosengren BE, Karlsson M, Petersson I, Englund M (2015) 
The 21st-century landscape of adult fractures: cohort study of 
a complete adult regional population. Journal Bone Mineral Res 
30:535–542. https:// doi. org/ 10. 1002/ jbmr. 2370

 15. Wilcke MK, Hammarberg H, Adolphson PY (2013) Epidemiology 
and changed surgical treatment methods for fractures of the distal 
radius: a registry analysis of 42,583 patients in Stockholm County, 
Sweden, 2004–2010. Acta Orthop 84:292–296. https:// doi. org/ 10. 
3109/ 17453 674. 2013. 792035

 16. Abrahamsen B, Jorgensen NR, Schwarz P (2015) Epidemiol-
ogy of forearm fractures in adults in Denmark: national age- and 
gender-specific incidence rates, ratio of forearm to hip frac-
tures, and extent of surgical fracture repair in inpatients and 
outpatients. Osteoporosis Int 26:67–76. https:// doi. org/ 10. 1007/ 
s00198- 014- 2831-1

 17. Kvernmo HD, Otterdal P, Balteskard L (2017) Treatment of 
wrist fractures 2009-14. Tidsskrift for den Norske laegeforening 
: tidsskrift for praktisk medicin, ny raekke 137. https:// doi. org/ 10. 
4045/ tidss kr. 17. 0065

 18. Dahl C, Ohm E, Solbakken SM et al (2023) Forearm fractures - 
are we counting them all? An attempt to identify and include the 
missing fractures treated in primary care. Scandinavian Journal 
of Primary Health Care pp 1–10. https:// doi. org/ 10. 1080/ 02813 
432. 2023. 22310 28

 19. Regler og veiledning for kliniske kodeverk i spesialisthelsetjenesten 
(ICD-10, NCSP, NCMP og NCRP). https:// www. ehelse. no/ kodev 
erk- termi nologi/ regler- og- veile dning- for- klini ske- kodev erk-i- spesi 
alist helse tjene sten- icd- 10- ncsp- ncmp- og- ncrp. Accessed 01/30/2023

 20. Omsland TK, Solberg LB, Bjørnerem Å et al (2023) Validation 
of forearm fracture diagnoses in administrative patient regis-
ters. Archives of Osteoporosis 18:111. https:// doi. org/ 10. 1007/ 
s11657- 023- 01322-x

 21. Kanis JA, Johnell O, De Laet C et al (2004) A meta-analysis of 
previous fracture and subsequent fracture risk. Bone 35:375–382. 
https:// doi. org/ 10. 1016/j. bone. 2004. 03. 024

 22. Omsland TK, Ahmed LA, Gronskag A et al (2011) More forearm 
fractures among urban than rural women: the NOREPOS study 
based on the Tromso study and the HUNT study. J Bone Mineral 
Res 26:850–856. https:// doi. org/ 10. 1002/ jbmr. 280

 23. Hoff M, Torvik IA, Schei B (2016) Forearm fractures in Cen-
tral Norway, 1999–2012: incidence, time trends, and seasonal 
variation. Arch Osteoporos 11:7. https:// doi. org/ 10. 1007/ 
s11657- 016- 0257-4

 24. Solvang HW, Nordheggen RA, Clementsen S, Hammer OL, 
Randsborg PH (2018) Epidemiology of distal radius fracture in 
Akershus, Norway, in 2010–2011. J Orthop Surg Res 13:199. 
https:// doi. org/ 10. 1186/ s13018- 018- 0904-0

 25. Flinkkila T, Sirnio K, Hippi M, Hartonen S, Ruuhela R, Ohtonen 
P, Hyvonen P, Leppilahti J (2011) Epidemiology and seasonal 
variation of distal radius fractures in Oulu, Finland. Osteoporo 
Int 22:2307–2312. https:// doi. org/ 10. 1007/ s00198- 010- 1463-3

 26. Brogren E, Petranek M, Atroshi I (2007) Incidence and characteristics 
of distal radius fractures in a southern Swedish region. BMC Muscu-
loskelet Disord 8:48. https:// doi. org/ 10. 1186/ 1471- 2474-8- 48

 27. Soerensen S, Larsen P, Korup LR, Ceccotti AA, Larsen MB, Fil-
tenborg JT, Weighert KP, Elsoe R (2022) Epidemiology of dis-
tal forearm fracture: a population-based study of 5426 fractures. 
Hand (New York, NY) 15589447221109967. https:// doi. org/ 10. 
1177/ 15589 44722 11099 67 

 28. Raudasoja L, Aspinen S, Vastamäki H, Ryhänen J, Hulkkonen S 
(2022) Epidemiology and treatment of distal radius fractures in 
finland-a nationwide register study. Journal of Clinical Medicine 
11. https:// doi. org/ 10. 3390/ jcm11 102851

 29. Xu Y, Bao Y, Wang M, Wu Q (2022) Smoking and fracture risk in 
men: a meta-analysis of cohort studies, using both frequentist and 
Bayesian approaches. Sci Rep 12:9270. https:// doi. org/ 10. 1038/ 
s41598- 022- 13356-1

 30. Johansson H, Kanis JA, Odén A et al (2014) A meta-analysis of 
the association of fracture risk and body mass index in women. J 
Bone Mineral Res 29:223–233. https:// doi. org/ 10. 1002/ jbmr. 2017

 31. Hoff M, Skurtveit S, Meyer HE, Langhammer A, Søgaard AJ, 
Syversen U, Skovlund E, Abrahamsen B, Forsmo S, Schei B 
(2018) Anti-osteoporosis drug use: too little, too much, or just 
right? The HUNT study, Norway. Osteoporos Int 29:1875–1885. 
https:// doi. org/ 10. 1007/ s00198- 018- 4560-3

 32. Dahl C, Madsen C, Omsland TK, Søgaard AJ, Tunheim K, Stigum 
H, Holvik K, Meyer HE (2022) The association of cold ambi-
ent temperature with fracture risk and mortality: National Data 
From Norway-a Norwegian Epidemiologic Osteoporosis Studies 
(NOREPOS) Study. J Bone Mineral Res 37:1527–1536. https:// 
doi. org/ 10. 1002/ jbmr. 4628

 33. Ali M, Brogren E, Wagner P, Atroshi I (2018) Association 
between distal radial fracture malunion and patient-reported activ-
ity limitations: a long-term follow-up. JBJS 100:633–639. https:// 
doi. org/ 10. 2106/ jbjs. 17. 00107

 34. Svedbom A, Borgstöm F, Hernlund E et  al (2018) Qual-
ity of life for up to 18 months after low-energy hip, ver-
tebral, and distal forearm fractures-results from the ICU-
ROS. Osteoporosis Int 29:557–566. https:// doi. org/ 10. 1007/ 
s00198- 017- 4317-4

 35. Hernlund E, Svedbom A, Ivergård M, Compston J, Cooper C, 
Stenmark J, McCloskey EV, Jönsson B, Kanis JA (2013) Osteopo-
rosis in the European Union: medical management, epidemiology 
and economic burden. Arch Osteoporos 8:136. https:// doi. org/ 10. 
1007/ s11657- 013- 0136-1

 36. Oyen J, Gjesdal CG, Brudvik C, Hove LM, Apalset EM, Gul-
seth HC, Haugeberg G (2010) Low-energy distal radius frac-
tures in middle-aged and elderly men and women–the burden 
of osteoporosis and fracture risk : a study of 1794 consecutive 
patients. Osteoporosis Int 21:1257–1267. https:// doi. org/ 10. 1007/ 
s00198- 009- 1068-x

 37. Hoff M, Skurtveit S, Meyer HE, Langhammer A, Sogaard AJ, 
Syversen U, Abrahamsen B, Schei B (2015) Use of anti-osteo-
porotic drugs in central Norway after a forearm fracture. Arch 
Osteoporos 10:235. https:// doi. org/ 10. 1007/ s11657- 015- 0235-2

 38. Sambrook P, Cooper C (2006) Osteoporosis. Lancet (London, 
England) 367:2010–2018. https:// doi. org/ 10. 1016/ s0140- 6736(06) 
68891-0

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00198-007-0499-5
https://doi.org/10.1007/s00198-007-0499-5
https://doi.org/10.1007/s00198-020-05282-7
https://doi.org/10.1007/s11657-018-0503-z
https://doi.org/10.1007/s11657-018-0503-z
https://doi.org/10.1371/journal.pone.0043367
https://doi.org/10.1371/journal.pone.0043367
https://doi.org/10.1002/jbmr.2370
https://doi.org/10.3109/17453674.2013.792035
https://doi.org/10.3109/17453674.2013.792035
https://doi.org/10.1007/s00198-014-2831-1
https://doi.org/10.1007/s00198-014-2831-1
https://doi.org/10.4045/tidsskr.17.0065
https://doi.org/10.4045/tidsskr.17.0065
https://doi.org/10.1080/02813432.2023.2231028
https://doi.org/10.1080/02813432.2023.2231028
https://www.ehelse.no/kodeverk-terminologi/regler-og-veiledning-for-kliniske-kodeverk-i-spesialisthelsetjenesten-icd-10-ncsp-ncmp-og-ncrp
https://www.ehelse.no/kodeverk-terminologi/regler-og-veiledning-for-kliniske-kodeverk-i-spesialisthelsetjenesten-icd-10-ncsp-ncmp-og-ncrp
https://www.ehelse.no/kodeverk-terminologi/regler-og-veiledning-for-kliniske-kodeverk-i-spesialisthelsetjenesten-icd-10-ncsp-ncmp-og-ncrp
https://doi.org/10.1007/s11657-023-01322-x
https://doi.org/10.1007/s11657-023-01322-x
https://doi.org/10.1016/j.bone.2004.03.024
https://doi.org/10.1002/jbmr.280
https://doi.org/10.1007/s11657-016-0257-4
https://doi.org/10.1007/s11657-016-0257-4
https://doi.org/10.1186/s13018-018-0904-0
https://doi.org/10.1007/s00198-010-1463-3
https://doi.org/10.1186/1471-2474-8-48
https://doi.org/10.1177/15589447221109967
https://doi.org/10.1177/15589447221109967
https://doi.org/10.3390/jcm11102851
https://doi.org/10.1038/s41598-022-13356-1
https://doi.org/10.1038/s41598-022-13356-1
https://doi.org/10.1002/jbmr.2017
https://doi.org/10.1007/s00198-018-4560-3
https://doi.org/10.1002/jbmr.4628
https://doi.org/10.1002/jbmr.4628
https://doi.org/10.2106/jbjs.17.00107
https://doi.org/10.2106/jbjs.17.00107
https://doi.org/10.1007/s00198-017-4317-4
https://doi.org/10.1007/s00198-017-4317-4
https://doi.org/10.1007/s11657-013-0136-1
https://doi.org/10.1007/s11657-013-0136-1
https://doi.org/10.1007/s00198-009-1068-x
https://doi.org/10.1007/s00198-009-1068-x
https://doi.org/10.1007/s11657-015-0235-2
https://doi.org/10.1016/s0140-6736(06)68891-0
https://doi.org/10.1016/s0140-6736(06)68891-0

	Epidemiology of forearm fractures in women and men in Norway 2008–2019
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Forearm fracture diagnoses
	Validation and wash-out period
	Statistical analyses

	Results
	Overall number and incidence rates (all S52 codes)
	Age-specific incidence rates
	Time trends in incidence rates
	Comparison of mean incidence rates of forearm fracture by season
	Comparison of age-standardized rates of distal forearm fractures by country
	Validation and sensitivity analyses

	Discussion
	Comparison to other studies

	Anchor 23
	References


