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Epidemiology, classification, treatment and
mortality of distal radius fractures in adults:
an observational study of 23,394 fractures
from the national Swedish fracture register
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Abstract

Background: Distal radius fractures are the most common of all fractures. Optimal treatment is still debated.
Previous studies report substantial changes in treatment trends in recent decades. Few nation-wide studies on
distal radius fracture epidemiology and treatment exist, none of which provide detailed data on patient and injury
characteristics, fracture pattern and mortality. The aim of this study was to describe the epidemiology, fracture
classification, current treatment regimens and mortality of distal radius fractures in adults within the context of a
large national register study.

Methods: We performed a descriptive study using prospectively registered data from the Swedish fracture register.
Included were all non-pathological distal radius fractures registered between January 1st 2015 and December 31st
2017 in patients aged 18 years and above. Nominal variables were presented as proportions of all registered
fractures.

Results: A total of 23,394 distal radius fractures in 22,962 patients were identified. The mean age was 62.7 ± 17.6
years for all, 65.4 ± 16.0 for women and 53.6 ± 20.0 for men. A simple fall was the most common cause of injury
(75%, n = 17,643/23,394). One third (33%, n = 7783/21,723) of all fractures occurred at the patients’ residence. 65%
(n = 15,178/23,394) of all fractures were classified as extra-articular AO-23-A, 12% (n = 2770/23,394) as partially intra-
articular AO-23-B and 23% (n = 5446/23,394) as intra-articular AO-23-C. The primary treatment was non-surgical for
74% (n = 17,358/23,369) and surgical for 26% (n = 6011/23,369) of all fractures. Only 18% of the AO-23-A fractures
were treated surgically, compared to 48% of the AO-23-C fractures. The most frequently used surgical method was
plate fixation (82%, n = 4954/5972), followed by pin/wire fixation (8.2%, n = 490/5972), external fixation (4.8%, n =
289/5972) and other methods (4.0%, n = 239/5972). The overall 30-day mortality was 0.4% (n = 98/23,394) and the
1-year mortality 2.9% (n = 679/23,394).

Conclusion: This nation-wide observational study provides comprehensive data on the epidemiology, fracture
classification and current treatment regimens of distal radius fractures in a western European setting. The most
common patient was an eldery woman who sustained a distal radius fracture through a simple fall in her own
residence, and whose fracture was extra-articluar and treated non-surgically.
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Fracture classification
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Background
Distal radius fractures (DRFs) are the most common
orthopaedic fractures in the western world [1]. The
distribution of DRFs in the general population is bi-
modal with incidence peaks in young men and in post-
menopausal women [1–4]. DRFs in younger patients
with good bone stock are most commonly associated
with high-energy trauma [5], while low-energy trauma,
e.g. fall from a standing position, is the most likely
mechanism of injury in older patients due to underlying
osteopenia/osteoporosis [6, 7]. Previous population-
specific studies have reported both seasonal and weekly
variations in the incidence of DRFs [3, 8–10].
Treatment of DRFs may range from elastic bandage

to complex open surgery. The choice of treatment in
each specific case is dependent on both fracture and
patient characteristics. The optimal treatment for
different types of DRFs and patient categories is still
debated. Previous studies have high-lighted major
changes in the treatment regimens of DRFs in the
past two decades. Not only has the overall rate of
surgically managed fractures increased, there has also
been a significant increase in the use of internal plate
fixation and a concomitant decrease in the use of
percutaneous methods [4, 11].
The association between DRFs and a reduced bone

mineral density in post-menopausal women is well
established [6, 7]. Furthermore, a DRF in this patient
group has been shown to increase the risk of subse-
quent osteoporotic fractures in the vertebrae, prox-
imal humerus and proximal femur [12, 13]. The
rising number of osteoporotic fractures in the western
world due to greater life expectancy in combination
with an increasingly active and demanding elderly
population as well as more advanced and expensive
treatment options pose a growing burden to the
health care system [14–16].
Only a few nation-wide register studies of DRF epi-

demiology and treatment exist in the literature, and
while they provide detailed description of incidence and
changing treatment trends in recent years [4, 11, 17, 18],
they lack comprehensive data on fracture pattern, injury
characteristics and mortality.
The Swedish fracture register (SFR) is a nation-wide

register in which detailed data on orthopaedic fractures,
patient characteristics, injury and treatment is reported
prospectively. Previous publications from the register on
specific fracture types include humeral, clavicle, tibial
and proximal femoral fractures [19–22].
The aim of this study was to describe the epidemi-

ology, fracture classification, injury characteristics,
current treatment regimens and mortality in adult pa-
tients with DRFs, within the context of a large national
register study.

Methods
Study population and data collection
Included in this study were all non-pathological distal
radius fractures registered in the SFR between January
1st 2015 and December 31st 2017 in patients aged 18
years and above. We excluded all re-fractures, which we
defined as a new fracture in the same wrist within 60
days.
The SFR is a national quality register on orthopaedic

fractures and treatment, which started in 2011. Detailed
data on patient and fracture chracteristics, injury mech-
anism as well as fracture treatment is registered
prospectively at each affiliated department via a pre-
specified digital form, usually by the treating doctor.
Only patients with a permanent Swedish personal iden-
tity number and fractures that have occurred in Sweden
are registered. In the SFR, fractures are classified accord-
ing to the Arbeitsgemeinschaft für Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA) classifica-
tion system [23]. Several studies have shown that this
data has a high accuracy and validity [24–27]. The total
number of orthopaedic departments in Sweden is 54.
The proportion of departments affiliated to the SFR have
increased gradually. At the start of this study, in January
2015, the number of affiliated departments was 27 and
by the end of the study, in December 2017, it had risen
to 45, which is estimated to cover more then 80% of the
Swedish population. By the end of 2018 a total of more
than 330,000 fractures had been registered in the SFR.
Furthermore, the SFR is linked to the national Swedish
death register, from which data on patient mortality was
obtained.

Variables
Epidemiological patient data (patient age and sex), injury
data (injury location, cause and date), fracture data
(fracture type, side, open/closed, trauma mechanism
(high/low-energy), treatment data, as well as mortality
data was retrieved from the register database.
Injury location was categorized as: at the patients’ resi-

dence or accommodation (including institutional
housing), in a street/road, in a public place, or in an un-
specified place. The cause of injury was categorized as: a
simple fall (i.e. a fall in the same level), a fall from
height, an unspecified fall, a traffic accident, or any other
cause. The trauma mechanism was categorized as either
high- or low-energy. There is no strict guideline for clas-
sification of the trauma energy level in the SFR and it is
up to the registering doctor to distinguish. Fracture type
was classified according to the AO/OTA classifica-
tion system [23] and the International statistical classifi-
cation of diseases and related health problems 10th
revision (ICD-10) code system. Primary treatment type
was divided into: primary non-surgical or primary

Rundgren et al. BMC Musculoskeletal Disorders           (2020) 21:88 Page 2 of 9



surgical. The primary surgical treatment was further di-
vided into: plate fixation, external fixation, pin/wire fix-
ation, or any other method. Cases primarily treated non-
surgically but with a secondary operation within 28 days
were identified. Patient mortality was calculated and pre-
sented as 30-day and 1-year mortality.

Statistics
Nominal variables are presented as proportions of all
registered fractures, meaning the available number of in-
puts in the register excluding any missing values. Scale
variables are presented as mean ± standard deviation
(SD). Additional statistical testing of the variables was
not performed because of the descriptive nature of the
study. The statistical software used was IBM SPSS Statis-
tics, Version 25 for Windows (SPSS Inc., Chicago, USA).

Results
Epidemiology
We identified a total of 23,394 DRFs in 22,962 patients.
Of all patients, 1.6% (n = 373/22,962) had bilateral DRFs,
0.2% (n = 51/22,962) had a new DRF in the same wrist
(i.e. occurring later then 60 days after the first registered
DRF) and 0.02% (n = 4/22,962) had both bilateral and a
new DRF in the same wrist during the study period. The
majority of all DRFs (78%, n = 18,203/23,395) occurred
in women. The overall mean ± SD age at the time of
fracture was 62.7 ± 17.6 (range 18–104) years, while it
was 65.4 ± 16.0 years for women and 53.6 ± 20.0 years for

men. Data on the distribution of DRFs per age interval
and sex is presented in Fig. 1.

Injury characteristics
One third (33%, n = 7783/21,723) of the fractures oc-
curred at the patients’ residence or accommodation, 13%
(n = 3141/21,723) in a street/road, 8.6% (n = 2005/21,
723) in a public place and 38% (n = 8794/21,723) in
other unspecified places.
A simple fall was the most common cause of injury

(75%, n = 17,643/23,394), while a fall from height repre-
sented 8% (n = 1880/23,394) of all DRFs, an unspecified
fall 8.1% (n = 1892/23,394), a traffic accident 5.9% (n =
1372/23,394) and any other cause 2.6% (n = 607/23,394)
(Fig. 2a). In Fig. 2b and c, data on the proportion of frac-
tures by cause of injury and sex as well as by age
category (18–65 or ≥66 years) is presented.
DRFs were more common during the winter months

(November through February) than the rest of the year
(Fig. 3). Furthermore, DRFs were more frequent during
the weekend compared to other weekdays for patients
aged 18–65 years, while the distribution was similar
throughout the week for patients aged ≥66 years. (Fig. 4).

Fracture classification and characteristics
The majority of fractures were AO/OTA class 23-A2.1
(22%, n = 5126/23,394) or 23-A2.2 (31%, n = 7355/23,
394). The AO/OTA classification system for DRFs with
fracture types and groups is presented in Fig. 5. Detailed

Fig. 1 Distribution of distal radius fractures per age interval and sex
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data on the distribution of DRFs by AO/OTA classifica-
tion in relation to age, sex, open or closed fracture and
trauma mechanism (high- or low-energy) is presented in
Table 1.
The left wrist was slightly more commonly fractured

(56%, n = 13,188/23,394). Only 1.2% (n = 289/23,394) of
all DRFs were open fractures, and 5.1% (n = 1202/23,
394) were registered as having a high-energy trauma
mechanism.
According to the ICD-10 code system, fractures were

classified as an isolated distal radius fracture (S52.5) in 92%
(n = 21,534/23,394) and as a combined radius and ulna
fracture (S52.6) in 2.0% (n = 1860/23,394) of the cases.

Primary treatment
The primary treatment was non-surgical for 74% (n = 17,
358/23,369) and surgical for 26% (n = 6011/23,369) of all
DRFs. The mean age was 63.7 ± 18.3 years and 60.0 ±
15.1 years for patients with non-surgically and surgically
treated fractures respectively. The proportion of women
was similar in the non-surgical (78%, n = 13,479/17,358)
and surgically treated groups (78%, n = 4699/6011). The
mean time to surgery was 4.8 ± 3.7 (range 0–27) days.
The most frequently used primary surgical method was

plate fixation (82%, n = 4954/5972), followed by pin/wire
fixation (8.2%, n = 490/5972), external fixation (4.8%, n =
289/5972) and other methods (4.0%, n = 239/5972) (Fig. 6).

a b c

Fig. 2 a Proportion of distal radius fractures (%) per injury cause. b. Proportion of distal radius fractures (%) for each injury cause in women and
men respectively. c. Proportion of distal radius fractures (%) for each injury cause by age category (18–65 years or ≥66 years)

Fig. 3 Distribution of distal radius fractures per month of the year
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Secondary surgical treatment
Of the DRFs that were treated non-surgically as primary
treatment, 9.1% (n = 1586/17,358) underwent secondary
surgical treatment. The mean ± SD time (days) to sec-
ondary surgical treatment was 11.2 ± 4.6 (range 1–28)
days. The most commonly used method for secondary
surgery was plate fixation (83%, n = 1319/1584), followed

by pin/wire fixation (12%, n = 192/1584), external fix-
ation (3.0%, n = 47/1584) and other methods (1.6%, n =
26/1584).

Mortality
The overall 30-day mortality was 0.4% (n = 98/23,394)
and the 1-year mortality was 2.9% (n = 679/23,394). The
30-day and 1-year mortality was similar for men (0.4%,
n = 23/5191; 2.6%, n = 135/5191) and women (0.4%, n =
75/18,203; 3.0%, n = 544/18,203). When comparing mor-
tality in relation to primary treatment, both the 30-day
(0.5%, n = 92/17,358; 0.1%, n = 6/6011) and the 1-year
(3.6%, n = 626/17,358; 0.9%, n = 52/6011) mortality was
4–5 times higher for patients treated non-surgically
compared to surgically treated patients.

Discussion
The main finding in this nation-wide descriptive study
of DRF epidemiology, including 23,394 fractures regis-
tered in the SFR between the year of 2015 and 2017, was
that the vast majority of DRFs occured in elderly women
(≥50 years) as a result of a low-energy simple fall, often
at the patients’ own residence. Between the age of 18
and 50, the distribution of DRFs was low and similar in
both women and men. After the age of 50, however,
there was a marked increase in the number of fractures
in women, while the frequency of DRFs in men
remained almost the same.

Fig. 4 Distribution of distal radius fractures per day of the week by age category (18–65 years or≥66 years)

Fig. 5 Schematic illustration of the AO/OTA classification system for
distal radius fractures, as seen in the SFR
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Table 1 Distribution of distal radius fractures by AO/OTA classification in relation to age, sex, open/closed fracture and trauma
mechanism (high/low-energy)

Fracture type n= (%) Mean ± SD age (years) Women
n = (%)

Open fracture
n = (%)

High energy trauma
n = (%)

23-A2.1 5126 (22) 58.7 ± 18.7 3851 (75) 2 (0.0) 167 (3.3)

23-A2.2 7355 (31) 66.1 ± 16.9 6244 (85) 41 (0.6) 181 (2.5)

23-A2.3 529 (2.3) 64.3 ± 17.1 435 (82) 12 (2.3) 31 (5.9)

23-A3 2168 (9.3) 65.8 ± 16.2 1838 (85) 80 (3.7) 94 (4.3)

Total 23-A 15,178 (65) 63.5 ± 17.8 12,368 (82) 135 (0.9) 473 (3.1)

23-B1 1377 (5.9) 56.0 ± 18.7 746 (54) 3 (0.2) 116 (8.4)

23-B2 638 (2.7) 61.8 ± 17.6 457 (72) 5 (0.8) 47 (7.4)

23-B3 755 (3.2) 61.3 ± 16.9 558 (74) 11 (1.5) 86 (11)

Total 23-B 2770 (12) 58.8 ± 18.2 1761 (64) 19 (0.7) 249 (9.0)

23-C1 2522 (11) 62.7 ± 16.4 1897 (75) 19 (0.8) 140 (5.6)

23-C2 1893 (8.1) 63.4 ± 16.4 1475 (78) 49 (2.6) 161 (8.5)

23-C3 1031 (4.4) 61.5 ± 16.6 702 (68) 67 (6.5) 179 (17)

Total 23-C 5446 (23) 62.7 ± 16.6 4074 (75) 135 (2.5) 480 (8.8)

All 23,394 (100) 62.7 ± 17.6 18,203 (78) 289 (1.2) 1202 (5.1)

Fig. 6 Distribution of distal radius fractures for each primary treatment type as well as surgical method by AO/OTA fracture type
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The substantial increase in the number of fractures in
post-menopausal women can explain why more than
three out of four DRFs occured in women in our study
population. The ratio between women and men of 78:22
found in this study is in accordance with the result of a
Swedish regional study [28], while it is sligthy higher
than that reported in a Swedish national study; 75:25
[11] and substantially higher than what a British regional
study reported; 68:38 [3].

Fracture classification and characteristics
We found that the majority (65%) of all DRFs were
extra-articular (AO-23-A), while 12% were partial articu-
lar (AO-23-B) and 23% complete intra-articular. The
mean age was slightly lower in the AO-23-B and AO-
23-C groups compared to AO-23-A group, while the
proportion of men was higher and a high-energy trauma
mechanism was more common.
Only 1.2% of all DRFs were open, which is in accord-

ance with a previous regional register study of the
Stockholm area, in which the proportion was 0.8% [29].
The proportion of open fractures varied between
fracture groups, with the highest proportion (6.5%) in
AO-23-C3 fractures. Furthermore, while the overall pro-
portion of DRFs with a registered high-energy trauma
mechanism was 5.1%, it was 17% in AO-23-C3 fractures.
We thus conclude that the AO/OTA DRF classes dif-

fered in some aspects of patient, injury and fracture
characteristics.

Primary treatment
In our study, 26% of all DRFs were treated surgically as
the primary treatment. This number is higher than what
was observed in a Swedish national register study of
DRF epidemiology and treatment trends, in which the
proportion of surgically treated fractures in 2005 was
16% and in 2010 20% [11]. We cautiously speculate that
this may indicate a continued tendency to treat more
DRFs surgically.
Of all DRFs treated surgically as the primary treat-

ment, more than four out of five underwent internal
plate fixation. This is in accordance with previous stud-
ies, which have reported that plate fixation has become
the predominantly preferred surgical method in recent
years in several countries [4, 11, 18, 29, 30].
While a majority (82%) of the AO-23-A fractures in

the present study were treated non-surgically, almost
half (48%) of the complete intra-articular DRFs (AO-23-
C) were treated surgically. We speculate that this is
likely due to an inherent instability and inacceptable
joint surface incongruency in many intra-articular frac-
tures, which often remains after closed reduction, and
thus is a reason for surgery.

Seasonal and weekly variation
We found a clear seasonal variation in the frequency of
DRFs with an increased number of fractures during the
winter months, i.e. November through February. Our re-
sults are in accordance with previous studies [3, 8–10,
31, 32]. It has been suggested that the increase in DRFs
during winter is associated with more slippery walking
conditions due to ice and snow [8, 10]. However, season-
ality have been reported in countries and regions with
mild winter climate as well, indicating that other factors
also play a part [31, 32].
The number of DRFs did not vary between weekdays

for patients aged 66 years or more, while there was a
marked increase in fractures during the weekend (Satur-
day and Sunday) for patients between 18 and 65 years.
Since the standard retirement age in Sweden is 65 years,
we speculate that this is due to lifestyle differences be-
tween the two groups. Retired persons are likely to make
less difference between the weekend and the rest of the
week with regard to both in- and outdoor activies, while
people who study or are employed tend to do outdoor
and leisure activities during the weekend. Other studies
have also reported weekly variations in DRF frequency
or incidence with an increase in younger adults over the
weekend [3].

Mortality
The overall 1-year mortality of 2.9% in the present study
is in accordance with results from both a Norweigan
study [33] and a German study [34], in which an overall
1-year mortality rate of 3.4% and a 1.5 year mortality rate
of 3.0% was reported respectively. However, our mortal-
ity rate is lower than the 1-year mortality of 6% reported
in a Swedish regional study [35]. Our results regarding
mortality in relation to primary treatment, showed a 4–5
times higher 30-day and 1-year mortality for non-
surgically compared to surgically treated patients. We
speculate that this may be explained by confounding by
indication, i.e. that the patients treated non-surgically to
a greater extent were older and more frail to start with,
which may have been part of the reason why they re-
ceived non-surgical treatment, and also may explain the
higher mortality in that group.

Strengths and limitations of the study
The large number of included fractures is a major
strenght of this study. Furthermore, the SFR provides
national and prospectively registered data, which reduces
the risk of bias due to epidemiological and sociodemo-
graphical regional differences as well as varying local
treatment traditions. Data on patient, fracture, injury
and treatment characteristics is registered in the SFR in
a pre-specified systematic way, which provides a detailed
material on orthopaedic fractures and fracture
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treatment. To our knowledge, this study is uniqe both in
size and detail with regard to the presented data on AO/
OTA-classification of DRFs. Another strength of this
study is that the data was collected in recent time and
the study period only encompasses 3 years, which makes
the results of this study both relevant and up-to-date.
An obvious limitation of this study is the lack of full

national coverage of the SFR, although it improved dur-
ing the study period so that by the end of the study the
proportion of affiliated departments was more than 80%
of all orthopaedic departments in Sweden. The incom-
plete national coverage is the reason why incidence rates
could not be calculated. Another limitation is the lack of
validation of specific DRF classification in the SFR.

Conclusion
This observational nation-wide study provides compre-
hensive and up-to-date data on the epidemiology,
classification, injury characteristics, current treatment
regimens and mortality of distal radius fractures in a
western European setting. The most common patient
was an eldery woman who sustained a DRF through a
simple fall in her own residence, and whose fracture was
extra-articular and treated non-surgically.

Abbreviations
AO: Arbeitsgemeinschaft für Osteosynthesefragen; DRF: Distal radius fracture;
ICD-10: International statistical classification of diseases and related health
problems 10th revision; OTA: Orthopaedic trauma association; SD: Standard
deviation; SFR: Swedish fracture register

Acknowledgements
The authors wish to thank Michael Möller, director of the SFR, for valuable
contribution.

Authors’ contributions
JR, AE: study design, data analysis and writing of the manuscript. AB: data
collection, data analysis and writing of the manuscript. CMN: study design
and writing of the manuscript. All authors have read and approved the final
manuscript.

Funding
The present study was funded by a grant from the Stockholm County
Council (ALF project, grant number: 20140095). The funding body had no
part in the design of the study, collection, analysis and interpretation of data,
or in the writing of the manuscript. Open access funding provided by
Karolinska Institute.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was performed according to the Helsinki declaration and
approved by the Swedish Ethical Review Authority (reference number 2019–
01154) on March 18th 2019. Informed consent was waived because of the
retrospective design of this study, which did not involve any additional risk
for patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Clinical Science and Education, Södersjukhuset, Karolinska
Institute, Södersjukhuset, SE-118 83 Stockholm, Sweden. 2Department of
Orthopaedics, Sahlgrenska University Hospital Gothenburg/Mölndal, SE-431
80 Mölndal, Sweden. 3Department of Molecular Medicine and Surgery,
Karolinska Institute, Karolinska University Hospital, SE-171 76 Stockholm,
Sweden.

Received: 1 December 2019 Accepted: 28 January 2020

References
1. Court-Brown CM, Caesar B. Epidemiology of adult fractures: a review. Injury.

2006;37(8):691–7.
2. Buhr AJ, Cooke AM. Fracture patterns. Lancet (London, England). 1959;

1(7072):531–6.
3. Stirling ERB, Johnson NA, Dias JJ. Epidemiology of distal radius fractures

in a geographically defined adult population. J Hand Surg Eur Vol.
2018;43(9):974–82.

4. Azad A, Kang HP, Alluri RK, Vakhshori V, Kay HF, Ghiassi A. Epidemiological
and treatment trends of distal radius fractures across multiple age groups. J
Wrist Surg. 2019;8(4):305–11.

5. Lindau TR, Aspenberg P, Arner M, Redlundh-Johnell I, Hagberg L. Fractures
of the distal forearm in young adults. An epidemiologic description of 341
patients. Acta Orthop Scand. 1999;70(2):124–8.

6. Mallmin H, Ljunghall S, Naessen T. Colles’ fracture associated with reduced
bone mineral content. Photon densitometry in 74 patients with matched
controls. Acta Orthop Scand. 1992;63(5):552–4.

7. Mallmin H, Ljunghall S. Distal radius fracture is an early sign of general
osteoporosis: bone mass measurements in a population-based study.
Osteoporos Int. 1994;4(6):357–61.

8. Flinkkila T, Sirnio K, Hippi M, Hartonen S, Ruuhela R, Ohtonen P, et al.
Epidemiology and seasonal variation of distal radius fractures in Oulu,
Finland. Osteoporos Int. 2011;22(8):2307–12.

9. Diamantopoulos AP, Rohde G, Johnsrud I, Skoie IM, Hochberg M,
Haugeberg G. The epidemiology of low- and high-energy distal radius
fracture in middle-aged and elderly men and women in southern Norway.
PLoS One. 2012;7(8):e43367.

10. Giladi AM, Shauver MJ, Ho A, Zhong L, Kim HM, Chung KC. Variation in the
incidence of distal radius fractures in the U.S. elderly as related to slippery
weather conditions. Plast Reconstr Surg. 2014;133(2):321–32.

11. Mellstrand-Navarro C, Pettersson HJ, Tornqvist H, Ponzer S. The operative
treatment of fractures of the distal radius is increasing: results from a
nationwide Swedish study. Bone Joint J. 2014;96-b(7):963–9.

12. Crandall CJ, Hovey KM, Cauley JA, Andrews CA, Curtis JR, Wactawski-Wende
J, et al. Wrist fracture and risk of subsequent fracture: findings from the
women’s health initiative study. J Bone Miner Res. 2015;30(11):2086–95.

13. Johnson NA, Stirling ER, Divall P, Thompson JR, Ullah AS, Dias JJ. Risk of hip
fracture following a wrist fracture-a meta-analysis. Injury. 2017;48(2):399–405.

14. Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability
associated with osteoporotic fractures. Osteoporos Int. 2006;17(12):1726–33.

15. Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C, Stenmark J,
et al. Osteoporosis in the European Union: medical management,
epidemiology and economic burden. A report prepared in collaboration
with the International Osteoporosis Foundation (IOF) and the European
Federation of Pharmaceutical Industry Associations (EFPIA). Arch
Osteoporos. 2013;8:136.

16. Court-Brown CM, Biant L, Bugler KE, McQueen MM. Changing epidemiology
of adult fractures in Scotland. Scott Med J. 2014;59(1):30–4.

17. Hevonkorpi TP, Launonen AP, Huttunen TT, Kannus P, Niemi S, Mattila VM.
Incidence of distal radius fracture surgery in Finns aged 50 years or more
between 1998 and 2016 - too many patients are yet operated on? BMC
Musculoskelet Disord. 2018;19(1):70.

18. Mattila VM, Huttunen TT, Sillanpaa P, Niemi S, Pihlajamaki H, Kannus P.
Significant change in the surgical treatment of distal radius fractures: a
nationwide study between 1998 and 2008 in Finland. J Trauma. 2011;71(4):
939–42 discussion 42-3.

19. Bergdahl C, Ekholm C, Wennergren D, Nilsson F, Moller M. Epidemiology
and patho-anatomical pattern of 2,011 humeral fractures: data from the
Swedish fracture register. BMC Musculoskelet Disord. 2016;17:159.

Rundgren et al. BMC Musculoskeletal Disorders           (2020) 21:88 Page 8 of 9



20. Kihlstrom C, Moller M, Lonn K, Wolf O. Clavicle fractures: epidemiology,
classification and treatment of 2 422 fractures in the Swedish fracture
register; an observational study. BMC Musculoskelet Disord. 2017;18(1):82.

21. Wennergren D, Bergdahl C, Ekelund J, Juto H, Sundfeldt M, Moller M.
Epidemiology and incidence of tibia fractures in the Swedish fracture
register. Injury. 2018;49(11):2068–74.

22. Mattisson L, Bojan A, Enocson A. Epidemiology, treatment and mortality of
trochanteric and subtrochanteric hip fractures: data from the Swedish
fracture register. BMC Musculoskelet Disord. 2018;19(1):369.

23. Marsh JL, Slongo TF, Agel J, Broderick JS, Creevey W, DeCoster TA, et al.
Fracture and dislocation classification compendium - 2007: Orthopaedic
trauma association classification, database and outcomes committee. J
Orthop Trauma. 2007;21(10 Suppl):S1–133.

24. Juto H, Moller M, Wennergren D, Edin K, Apelqvist I, Morberg P. Substantial
accuracy of fracture classification in the Swedish fracture register: evaluation
of AO/OTA-classification in 152 ankle fractures. Injury. 2016;47(11):2579–83.

25. Wennergren D, Ekholm C, Sundfeldt M, Karlsson J, Bhandari M, Moller M.
High reliability in classification of tibia fractures in the Swedish fracture
register. Injury. 2016;47(2):478–82.

26. Wennergren D, Stjernstrom S, Moller M, Sundfeldt M, Ekholm C. Validity of
humerus fracture classification in the Swedish fracture register. BMC
Musculoskelet Disord. 2017;18(1):251.

27. Knutsson SB, Wennergren D, Bojan A, Ekelund J, Moller M. Femoral fracture
classification in the Swedish fracture register - a validity study. BMC
Musculoskelet Disord. 2019;20(1):197.

28. Brogren E, Petranek M, Atroshi I. Incidence and characteristics of distal
radius fractures in a southern Swedish region. BMC Musculoskelet Disord.
2007;8:48.

29. Wilcke MK, Hammarberg H, Adolphson PY. 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. 2013;84(3):292–6.

30. Chung KC, Shauver MJ, Birkmeyer JD. Trends in the United States in the
treatment of distal radial fractures in the elderly. J Bone Joint Surg Am.
2009;91(8):1868–73.

31. Jacobsen SJ, Sargent DJ, Atkinson EJ, O'Fallon WM, Melton LJ 3rd. Contribution
of weather to the seasonality of distal forearm fractures: a population-based
study in Rochester, Minnesota. Osteoporos Int. 1999;9(3):254–9.

32. Bischoff-Ferrari HA, Orav JE, Barrett JA, Baron JA. Effect of seasonality and
weather on fracture risk in individuals 65 years and older. Osteoporos Int.
2007;18(9):1225–33.

33. Oyen J, Diamantopoulos AP, Haugeberg G. Mortality after distal radius
fracture in men and women aged 50 years and older in southern Norway.
PLoS One. 2014;9(11):e112098.

34. Endres HG, Dasch B, Lungenhausen M, Maier C, Smektala R, Trampisch HJ,
et al. Patients with femoral or distal forearm fracture in Germany: a
prospective observational study on health care situation and outcome. BMC
Public Health. 2006;6:87.

35. Johnell O, Kanis JA, Oden A, Sernbo I, Redlund-Johnell I, Petterson C, et al.
Mortality after osteoporotic fractures. Osteoporos Int. 2004;15(1):38–42.

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

Rundgren et al. BMC Musculoskeletal Disorders           (2020) 21:88 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population and data collection
	Variables
	Statistics

	Results
	Epidemiology
	Injury characteristics
	Fracture classification and characteristics
	Primary treatment
	Secondary surgical treatment
	Mortality

	Discussion
	Fracture classification and characteristics
	Primary treatment
	Seasonal and weekly variation
	Mortality
	Strengths and limitations of the study

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

