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Abstract

Background: Literature lacks data on correlations between epidemiology and clinical data of patients with distal
radius fractures (DRFs).

Aim: The aim of this study was to present a detailed epidemiologic survey of a large consecutive series of patient
with DRFs.

Materials and Methods: This retrospective study included 827 consecutive patients (579 females, 248 men) who
sustained a DRFs in the last 5 years. All fractures were radiographically evaluated. DRFs were classified according to
Association of Osteosynthesis classification. Data on age, gender, side, period in which fracture occurred, and fracture
mechanism were collected. Statistical analysis was performed.

Results: The patients'mean age was 60.23 [standard deviation (SD) 16.65] years, with the left side being most fre-
quently involved (56.1%). The mean age of females at the time of fracture was significantly higher than that of males.

The most frequent pattern of fracture was the complete articular fracture (64.3%), while the most represented fracture
type was 2R3A2.2 (21.5%). Regarding the period in which the fracture occurred, 305 DRFs (37.5%) were observed in
the warmer months and 272 (33.4%) in the colder months. Low-energy trauma occurring outside home was found to
be the major cause of DRF throughout the year.

In both genders, trauma mechanism 2 was more frequent (59.4% F; 31.9% M; p <0.01).

A bimodal distribution of fracture mechanisms was found in males when considering the patient’s age with a high-
energy mechanism of fracture (3 and 4), identified in 21% (n =52) of males aged 18-45 years, and a low-energy
mechanism (1 and 2) was observed in 39.9% (n=99) of males aged >45 years. A significant correlation between all
trauma mechanisms (from 1 to 6) and different fracture patterns (complete, partial, and extraarticular) was found

(p value <0.001). The mean age of patients with extraarticular fractures (mean age 61.75 years; SD 18.18 years) was
higher than that of those with complete (mean age 59.84 years; SD 15.67 years) and partial fractures (mean age

55.26 years; SD 18.31 years). Furthermore, considering different fracture patterns and patient age groups, a statistically
significant difference was found (p <0.001).

Conclusions: DRFs have a higher prevalence in females, an increase in incidence with older age, and no seasonal
predisposition. Low-energy trauma occurring at home is the main cause of fracture among younger males sustaining
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fractures after sports trauma; Complete articular is the most frequent fracture pattern, while 2R3A2.2 is most frequent

fracture type.

Level of evidence: Level IV; case series; descriptive epidemiology study.

Keywords: Isolated distal radius fractures, Distal radius fractures epidemiology, Distal forearm fractures, AO

classification, Distal radius fractures trauma mechanisms

Introduction

Distal radius fractures (DRFs) represent the most com-
mon fractures in adults, showing an overall prevalence
of 17.5% with respect to all fractures [1]. Many fac-
tors have been proposed to determine the source of the
increasing rates of DRFs: lifestyle [2], environment [3],
rise in life expectancy [4], increased obesity in child-
hood [5], and osteoporosis rate [6] in elderly population.
Previous research [8—11] has demonstrated that DRFs
occur mainly in pediatric males and in postmenopausal
women, while a consistent incidence has been observed
also in young adult men aged 19-49 years [7]. High-
energy trauma is the documented fracture mechanism
in younger patients [8], while low-energy trauma, is the
most common cause of injury in the elderly [2, 9, 10].

Little clarity emerges regarding the epidemiology of
the fracture pattern [11] as DRFs are often identified with
different eponyms, including Colles [12, 13], Smith [14],
Barton [15], and Hutchinson fracture [16], instead of
using a standardized classification system [7, 17], leading
to uncertain clinical and radiological outcomes after both
nonoperative and surgical treatments [18—20].

Although DRF is the most common fracture in adults,
literature is still lacking in clinical data on several aspects
of these fractures, such as the correlation between patient
demographics, the fracture patterns, the period of the
year in which the fractures occurred, and the different
trauma mechanisms responsible for this injury.

The aim of this study was to present a detailed epide-
miologic survey of a large consecutive series of patients
with DRF in a large suburban area evaluating many
aspects that are still unclear.

Materials and methods

A retrospective study was conducted in the emergency
department (ED) of a level I trauma hospital, serving a
large suburban area. All the patients managed in the ED
for a DRF in a 4-year period (from 1 January 2017 to 31
January 2021) were enrolled.

Patients with DRFs were identified from the clinical
record, using the international statistical classification of
diseases and related health problems, tenth version codes
(ICD-10). A retrospective review of the clinical and radi-
ological data of all patients was performed independently
by three of the authors in order to collect information

about age, gender, fracture side, and day of the week and
period of the year in which fractures occurred. According
to previous epidemiological studies [21, 22], six different
trauma mechanisms were considered:

(1) low-energy trauma occurred in a public place; (2)
low-energy trauma occurred at home; (3) sports trauma;
(4) high-energy trauma resulting from car and pedestrian
accident; (5) work-related injuries; (6) trauma resulting
from assault, beatings, or theft.

Patients <16 years old were excluded. We divided
patients into three subcategories according to age:
patients aged between 16 and 45 years; patients aged
between 46 and 75 years; patients older than 76 years.

X-ray imaging, according to standard wrist trauma
series consisting of a posteroanterior view, oblique view,
and lateral view, was reviewed and DRFs were classified
according to the Association of Osteosynthesis (AO)/
OTA 2018 classification system [23] independently by
three of the authors. If there was any disagreement, a
consensus meeting with the senior author (S.G.) was
undertaken.

Statistical analysis

Continuous variables were expressed as median and
interquartile range (IQR) or mean and standard devia-
tion (SD) according to their distribution. Categorical data
were recorded as frequencies and percentages. Compari-
sons between groups were performed by chi-square test
or one-way analysis of variance (ANOVA). A post-hoc
analysis with Bonferroni correction for multiple compar-
isons was performed.

Results

During the study period, 1436 patients with DRFs (1005
F, 431 M; mean age 40.62 years) were admitted to the
ED. There were 609 (42.4%) and 827 (57.6%) pediat-
ric and adult patients, respectively. The study group
was composed of 827 patients (579 F, 248 M; mean age
60.23 years; SD 16.65 years) since the pediatric popula-
tion was not considered in the present study.

In the same period, 11,961 fractures in 12,054 adult
patients were diagnosed. Maxillofacial or head fractures
were not considered in the present study. DRFs repre-
sented 6.9% of the overall fractures in adult population.
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Several associations with other fractures were found:
in 12 cases DRF was bilateral (1.4%), and in 130 (15.9%)
cases DRF was associated with ulnar styloid process frac-
ture, in 67 (8.1%) cases with distal ulnar fracture, in 35
(4.2%) cases with scaphoid fracture, in 11 (1.3%) patients
with ulnar diaphysis, in 13 (1.5%) cases with olecranon
fracture, in 11 (1.3%) cases with proximal humerus frac-
ture, and in 24 (2.9%) cases with femoral neck fracture.
In 75 (9.1%) cases, an association with costal fracture was
detected.

The mean age of females at the time of fracture
was significantly higher than that of males [mean age
65.42 years (SD 13.18 years) in females and 48.11 years
(SD 17.62 years) in males; p<0.01]. Left side was most
frequently involved (56.1%).

Figure 1 shows the yearly distribution of DRFs in both
genders according to a 2-month classification period.
Regarding the period of the year, 305 DRFs (37.5%) were
observed in the warmer months (May to August) and 272
(33.4%) in the colder months (November to February).
No significant differences were found (p =0.85).

Figure 2 shows the distribution of different trauma
mechanism considering the different periods of the
year; low-energy trauma occurring outside home was
found to be the major cause of DRF throughout the
year. Figure 3 shows the distribution of different trauma
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mechanisms according to gender. A statistically signifi-
cant difference was found between gender in all trauma
mechanisms except for 6. (p<0.01). In both genders,
trauma mechanism 2 was more frequent (59.4% F;
31.9% M; p<0.01). The second most frequent mecha-
nism in females was 1 (low-energy trauma at home;
32.6%), while in males it was 3 (sports trauma; 20.6%).

A bimodal distribution of fracture mechanisms was
found in males when considering the patient’s age. A
high-energy mechanism of fracture (3 and 4) was found
in 21% (n=>52) of males aged 18-45 years, and a low-
energy mechanism (1 and 2) was observed in 39.9%
(n=99) of males aged>45 years. In females, mecha-
nism 2 prevails in every age group.

Figure 4 shows the distribution of different trauma
mechanisms according to the different days of the week.
Low-energy trauma occurring outside home was found
to be the major cause of DRFs during every day. No
significant differences between gender were observed
when the day in which DRFs occurred was considered
(p=0.027).

According to the AO/OTA classification system,
Table 1 presents the different fractures patterns. The
mean K value for the intraobserver reliability assess-
ment was 0.89 (95% CI 0.81-0.99), and according to the
Landis and Koch criteria, it was considered as almost
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Fig. 2 Yearly distribution of DRFs according to trauma mechanism in a 2-month classification period. DRFs, distal radius fractures. |, low-energy
trauma that occurred in a public place; Il, low-energy trauma that occurred at home; Ill, sports trauma; IV, high-energy trauma resulting from car and
pedestrian accident; V, work-related injuries; VI, trauma resulting from assault, beatings, or theft
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Fig. 3 Distribution of DRFs in both genders according to the different trauma mechanisms. M, male; F, female. DRFs, distal radius fractures; Mec 1,
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Fig. 4 Distribution of trauma mechanisms according to the days of the week. I, low-energy trauma that occurred in a public place; Il, low-energy
trauma that occurred at home; Ill, sports trauma; IV, high-energy trauma resulting from car and pedestrian accident; V, work-related injuries; VI,
trauma resulting from assault, beatings, or theft

perfect agreement. The mean x value for interobserver
reliability was 0.67 (95% CI 0.59-0.75), and it was con-
sidered as substantial agreement according to the Lan-
dis and Koch criteria [21, 24].

The most frequent fracture group according to AO/
OTA was the complete articular fracture (64.3%); how-
ever, the most frequent DRF type was 2R3A2.2. Fig-
ures 5, 6, 7 and 8 show the different distribution of DRF
patterns according to gender. 2R3A2.2 was the most
frequent fracture type in females (24.9%), while it was
2R3C2.1 in males (20.6%).

A post-hoc analysis of the standardized residues of
the chi-square test with Bonferroni correction dem-
onstrated a significant difference between genders in
terms of extraarticular (p <0.001) and partial fractures
(p<0.001), but no difference was found for complete
ones.

A significant correlation between all trauma mecha-
nisms (from 1 to 6) and different fracture patterns (com-
plete, partial, and extraarticular) was found (p <0.001).

Considering the association between different pattern
of DRFs and the different periods of the year (two-clas-
sification month), no significant differences were found.
No significant association between fracture type and days
of the week was found (p=0.76).

The mean age of patients with extraarticular frac-
tures (mean age 61.75 years; SD 18.18 years) was higher
than those with complete (mean age 59.84 years; SD
15.67 years) and partial fractures (mean age 55.26 years;
SD 18.31 years). Furthermore, considering different frac-
ture patterns and patient age groups, a statistically signif-
icant difference was found (p <0.001).
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Table 1 Fracture pattern according to AO/OTA distal radius
fracture classification system

PATTERN AO n (%)
Al 2(0.2)
A2.1 39(4.7)
Extra A2.2 180 (21.5)
Articular A2.3 23(2.7)
A3.1 1(0.1)
A3.2 2(0.2)
A33 10(1.2)
B1.1 17 (2.0)
B1.2 1(0.1)
Partial B1.3 8(1.0)
B2.1 4(0.5)
B3.3 8(1.0)
C1.1 26 (3.1)
1.2 26 (3.1)
c13 37 (45)
Complete (@A 171 (20.5)
Q2 35(4.2)
23 45 (5.3)
31 89 (10.8)
32 95 (11.5)
33 8(1.0)
Discussion

Several studies focused their attention of the epidemiol-
ogy of DRFs [8, 10, 25]. However, some methodological
weaknesses emerge; in 1999, Lindau et al. [8] performed
an epidemiologic survey of 341 patients with DRF liv-
ing in Sweden. Unfortunately, only young adults were
considered, and all data were obtained from registries
with no fracture classification. The same age limitation is
present in a study by Diamantopoulos et al. [25], which
considered only middle-aged and elderly population. We
performed a detailed epidemiological survey on a large
group of patients living in a suburban area. All patients
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aged > 16 years old were evaluated, and DRFs were clas-
sified according to AO/OTA by a single center, contrarily
to previous research [8, 10].

In our series, the prevalence of DRFs was 6.8% with
respect to all fractures in adult population, represent-
ing the most frequent fracture followed by femoral neck
(6.2%) and proximal humerus (5.4%).

Owing to the unpredictability of trauma, no differences
according to the side of DRFs were found in our series.
As previously described [2, 26, 27], our results confirmed
that DRFs were more frequent in females (ratio 3:1) and
that the mean age of females was considerably higher;
these results may be explained by the higher suscepti-
bility to osteoporosis [21] and longer life expectancy in
females.

No difference was found regarding the period of the
year in which the fracture occurred, in contrast to pre-
vious studies [3, 9, 10, 25, 27] that documented a higher
incidence of DRFs during colder months. All previous
research was performed in Northern Europe, and the
authors justify the higher incidence of DRFs during win-
ter months with the climatic conditions and the fewer
hours of sunlight that may increase the risk of accidents.
Furthermore, previous epidemiological surveys were
performed in areas that probably depopulate in the sum-
mer period. In our sample, no monthly differences were
found, probably because in Southern Europe no severe
climatic conditions are present in the winter months and
also because the inhabitants of the area served by the ED
remain constant throughout the year.

We found that the most frequent DRFs pattern was
complete articular (64.3%) according to AO/OTA classifi-
cation, with no difference between genders. As described
by Clayton et al. [28], a relationship between poor bone
quality and severity of DRFs was demonstrated. In our
series, DRFs occurred mainly in elderly patients, who
are more exposed to osteoporosis, and this maybe the
reason for the higher prevalence of the most severe
DREF pattern. In contrast, in our sample, the prevalence
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Fig. 5 Distribution of DRFs patterns according to gender. M, male; F, female; DRFs, distal radius fractures
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of extraarticular fractures was significantly higher in
females, which may be due to males being more prone to
sustaining DRFs following high-energy trauma.

We found that the most common traumatic mechanism
was low-energy trauma considering the whole studied
population, as previously reported [2, 9, 10]. However,
considering gender, differences emerged: low-energy
trauma mechanism, occurring at home, was found to be
the second mechanism responsible for DRFs in females

but not in males, who sustained DRFs due to trauma
related to sports and street accidents. This finding might
be related to the fact that males have a greater aptitude
for contact sporting activities and cycling compared with
females.

In our sample, a stable distribution of different
trauma mechanism was observed, without any distinc-
tion between working days and weekend, except for
DRFs resulting from street accidents, which occur more
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frequently during working days; this was predictable and
may be explained by the higher amount of traffic.

The current study has some limitations. Fracture clas-
sification was based only on X-ray images. CT scans for
DRFs was performed only in case of displaced commi-
nuted fractures for preoperative planning in the cases in
which X-ray imaging was not sufficient for the choice of
treatment and not as a classification tool.

Conclusion

This epidemiologic study, conducted on a large number
of people with DRFs, confirmed a higher prevalence in
females, an increase in incidence with older age, and that
no seasonal predisposition exists. In addition, the study
showed that (1) low-energy trauma occurring at home is
the main cause of fracture, with younger males sustaining
fractures after sports trauma; and (2) complete articular
is the most frequent fracture pattern, while 2R3A2.2 is
the most frequent fracture type.

Acknowledgements
None.

Author contributions

Conceptualization: S.G, PD.L, C.C. Data collection: PD.L, C.C, V.C. Data analysis:
AM, AS. Draft: PD.L, C.C, V.C. Review and editing: PD.L,, C.C. All authors read
and approved the final manuscript.

Funding
None.

Availability of data and materials
Submitted as supplementary material.

Declarations

Ethics approval and consent to participate

This study does not need any ethics committee approval. The authors state
that this study conforms to the ethical standards laid down in the most recent
version of the Declaration of Helsinki. All patients were informed about the
study and consented to participate.

Consent for publication
All patients gave consent for publication.

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

Author details

"Dept. of Anatomical, Histological, Forensic Medicine and Orthopaedics
Sciences, Sapienza University of Rome, Istituto Clinico Ortopedico Trauma-
tologico (ICOT), Latina, Italy. zDept of Public Health and Infectious Diseases,
Sapienza University of Rome, Rome, Italy. *Dept. of Anatomical, Histological,
Forensic Medicine and Orthopaedics Sciences, Sapienza University of Rome,
Umberto | Hospital, Rome, Italy.

Received: 7 May 2022 Accepted: 3 August 2022
Published online: 30 August 2022

References

1. Court-Brown CM, Caesar B (2006) Epidemiology of adult fractures: a
review. Injury 37:691-697

2. Maclntyre NJ, Dewan N (2016) Epidemiology of distal radius fractures and
factors predicting risk and prognosis. J Hand Ther 29:136-145

3. Giladi AM et al (2014) Variation in the incidence of distal radius fractures
in the USS. elderly as related to slippery weather conditions. Plast Reconstr
Surg. 133:321-332

4. Court-Brown CM, Biant L, Bugler KE, McQueen MM (2014) Changing
epidemiology of adult fractures in Scotland. Scott Med J 59:30-34

5. Kozin SH (2010) Chapter 66—Pediatric Distal Radius Fractures. Principles
and Practice of Wrist Surgery. Elsevier Inc, Amsterdam



Candela et al. Journal of Orthopaedics and Traumatology

20.

21.

22.

23.
24.

25.

26.
27.

28.

Niempoog S, Sukkarnkosol S, Boontanapibul K (2019) Prevalence of
osteoporosis in patients with distal radius fracture from low-energy
trauma. Malaysian Orthop J 13:15-20

Porrino JA et al (2014) Fracture of the distal radius: epidemiology and
premanagement radiographic characterization. Am J Roentgenol
203:551-559

Lindau TR, Aspenberg P, Arner M, Redlundh-Johnell |, Hagberg L (1999)
Fractures of the distal forearm in young adults. An epidemiologic descrip-
tion of 341 patients. Acta Orthop Scand. 70:124-128

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 13:1-7

Rundgren J, Bojan A, Mellstrand Navarro C, Enocson A (2020) Epidemi-
ology, classification, treatment and mortality of distal radius fractures
in adults: an observational study of 23,394 fractures from the national
Swedish fracture register. BMC Musculoskelet Disord 21:1-9

. Waever D et al (2018) Distal radius fractures are difficult to classify. Injury

49:529-5S32

Ellis H (2012) Abraham Colles: Colles'fracture. J Perioper Pract 22:270-271
Sternbach G (1985) Abraham Colles: fracture of the carpal extremity of
the radius. J Emerg Med 2:447-450

Schroeder JD, Varacallo M (2022) Smith's Fracture Review. 2022 May 23.
In: StatPearls [Internet]. StatPearls Publishing, Treasure Island, FL. PMID:
31613494

Szymanski JA, Reeves RA, Carter KR (2022) Barton's Fracture. 2022 Jun 11.
In: StatPearls [Internet]. StatPearls Publishing, Treasure Island FL. PMID:
29763081

Andreotti M, Tonon F, Caruso G, Massari L, Riva MA (2020) The, “Chauf-
feur Fracture”: historical origins of an often-forgotten eponym. Hand
15:252-254

Lill CA et al (2003) Impact of bone density on distal radius fracture pat-
terns and comparison between five different fracture classifications. J
Orthop Trauma 17:271-278

Toon DH, Premchand RAX, Sim J, Vaikunthan R (2017) Outcomes

and financial implications of intra-articular distal radius fractures: a
comparative study of open reduction internal fixation (ORIF) with volar
locking plates versus nonoperative management. J Orthop Traumatol
18:229-234

Artiaco S et al (2020) Fracture-dislocations of the forearm joint: a
systematic review of the literature and a comprehensive locker-based
classification system. J Orthop Traumatol. https://doi.org/10.1186/
510195-020-00562-8

Gimigliano F et al (2020) Systematic review of clinical practice guidelines
for adults with fractures: identification of best evidence for rehabilita-
tion to develop the WHO's Package of Interventions for Rehabilitation. J
Orthop Traumatol. https://doi.org/10.1186/510195-021-00566-y
Passaretti D, Candela V, Sessa P, Gumina S (2017) Epidemiology of proxi-
mal humeral fractures: a detailed survey of 711 patients in a metropolitan
area. J Shoulder Elb Surg 26:2117-2124

Cantore M, Candela V, Sessa P, Giannicola G, Gumina S (2022) Epidemiol-
ogy of isolated olecranon fractures: a detailed survey on a large sample of
patients in a suburban area. JSES Int. https://doi.org/10.1016/jjseint.2021.
11.015

Nogueira AF et al (2019) Evaluation of distal forearm fractures using the
AO 2018 classification. Acta Ortop Bras 27:220-222

Landis JR, Koch GG (1977) The measurement of observer agreement for
categorical data. Biometrics 33:159-174

Diamantopoulos AP et al (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:¢43367

Azad A et al (2019) Epidemiological and treatment trends of distal radius
fractures across multiple age groups. J Wrist Surg 08:305-311

O'Neill TW et al (2001) Incidence of distal forearm fracture in British men
and women. Osteoporos Int 12:555-558

Clayton RAE, Gaston MS, Ralston SH, Court-Brown CM, McQueen MM
(2009) Association between decreased bone mineral density and severity
of distal radial fractures. J Bone Jt Surg 91:613-619

(2022) 23:43

Page 8 of 8

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

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1186/s10195-020-00562-8
https://doi.org/10.1186/s10195-020-00562-8
https://doi.org/10.1186/s10195-021-00566-y
https://doi.org/10.1016/j.jseint.2021.11.015
https://doi.org/10.1016/j.jseint.2021.11.015

	Epidemiology of distal radius fractures: a detailed survey on a large sample of patients in a suburban area
	Abstract 
	Background: 
	Aim: 
	Materials and Methods: 
	Results: 
	Conclusions: 
	Level of evidence: 

	Introduction
	Materials and methods
	Statistical analysis
	Results
	Discussion
	Conclusion
	Acknowledgements
	References




