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Abstract

Background: Understanding the profiles of different upper extremity fractures, particularly those presenting as a
Tst incident can inform prevention and management strategies. The purpose of this population-level study was to
describe first incident fractures of the upper extremity in terms of fracture characteristics and demographics.

Methods: Cases with a first adult upper extremity (UE) fracture from the years 2013 to 2017 were extracted from
administrative data in Ontario. Fracture locations (ICD-10 codes) and associated characteristics (open/closed, associ-
ated hospitalization within 1-day, associated nerve, or tendon injury) were described by fracture type, age category
and sex. Standardized mean differences of at least 10% (clinical significance) and statistical significance (p <0.01) in
ANOVA were used to identify group differences (age/sex).

Results: We identified 266,324 first incident UE fractures occurring over 4 years. The most commonly affected regions
were the hand (93 K), wrist/forearm(80K), shoulder (48K) or elbow (35 K). The highest number of specific fractures
were: distal radius (DRF, 47.4K), metacarpal (30.4K), phalangeal (29.9K), distal phalangeal (24.4K), proximal humerus
(PHF, 21.7K), clavicle (15.1K), radial head (13.9K), and scaphoid fractures (13.2K). The most prevalent multiple fractures
included: multiple radius and ulna fractures (11.8K), fractures occurring in multiple regions of the upper extrem-

ity (8.7K), or multiple regions in the forearm (8.4 K). Tendon (0.6% overall; 8.2% in multiple finger fractures) or nerve
injuries were rarely reported (0.3% overall, 1.5% in distal humerus). Fractures were reported as being open in 4.7% of
cases, most commonly for distal phalanx (23%). A similar proportion of females (51.5%) and males were present in
this fracture cohort, but there were highly variant age-sex profiles across fracture subtypes. Fractures most common
in 18-40-year-old males included metacarpal and finger fractures. Fractures common in older females were: DRF, PHF
and radial head, which exhibited a dramatic increase in the over-50 age group.

Conclusions: UE fracture profiles vary widely by fracture type. Fracture specific prevention and management should
consider fracture profiles that are highly variable according to age and sex.

Keywords: Fractures, Epidemiology, Upper extremity, Distal radius, Proximal humerus, Social deprivation,
Comorbidity, Nerve injury, Tendon injury, Sex differences, Scaphoid

Introduction

Clinicians and health systems must manage the large

volume of upper extremity fractures that present for

care. Awareness of classic fracture presentations informs
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extremity fractures like distal radius fractures (DRF) and
proximal humerus fractures (PHF) that occur from a
fall from level ground are classified as fragility fractures
and considered an early indicator of compromised bone
health [1]. Other fractures are more related to greater
amounts of trauma. Previous studies that have focused
on the epidemiology of upper extremity fractures have
focused on more common fractures [2], particularly the
wrist [3], hand [4] and proximal humerus fractures [5, 6].
Distal radius fractures (DRF) occur in about 6% of males
and 33% of females [2, 3] at some point in their lifetime.
Some common upper extremity fractures have epidemio-
logic data reported, while other types of upper extremity
fractures have been rarely described. Further, most frac-
ture literature has focused on all fractures, rather than
first incident fractures. For certain fractures, particularly
those related to osteoporosis, the risk of recurrent frac-
tures is much higher than an initial fracture and is likely
to have a different risk profile. A systematic review con-
cluded that a prior wrist fracture was associated with
approximately a doubling of risk for subsequent fractures
[4]. Hand fracture rates have been described in terms of
rates, costs and occupational impacts [5, 6]. Proximal
humeral fractures (PHF) [1, 4], have been linked to com-
promised bone health [7], fragility and frailty [8].

High trauma fractures, compromised bone (bone dis-
eases including osteopenia or osteoporosis) and frailty
fractures are different from a prevention and manage-
ment perspective. Frailty is an independent predictor of
fracture, disability, and falls in females aged 55 and older
in 10 countries [9] which is evident in sex differences in
fracture incidence in these age groups. Although few
studies have directly compared the profiles of different
upper extremity fractures the literature to date indicates
that different profiles should be expected based on age
and sex [10].

Previous studies of upper extremity fractures have
focused on only a few fracture types [11], sampled in only
one city [12], only included patients over 60 or 65 [13, 14],
excluded trauma [14] or included both first and recurrent
fractures. Since a 1st incident fracture is the one where
differentiating trauma, bone compromise and frailty frac-
tures from each other is least clear, and predicting future
trajectories is least certain; this complicates prevention
and case management. Once a pattern of recurrent frac-
tures is evident, compromised bone health is more rec-
ognizable. Description of the profiles of a 1st incident
fracture is a 1st step to informing future research on early
prevention strategies and can assist with identifying how
typical an individual presenting with a fracture is, as part
of the overall clinical decision-making. Therefore, the
purposes of this study were to describe a cohort of adult
patients having their first upper extremity fracture in
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terms of injury patterns: fracture numbers, fracture types
(location, % open), associated nerve or tendon injuries,
injury seasonal patterns and hospitalization rates.

Methods
Design
Retrospective cohort using administrative data.

Data sources and extraction
We conducted this study using health administrative data
in Ontario, Canada’s largest province. Ontario adminis-
ters health care using a single-payer, universally acces-
sible system. As such, administrative datasets provide
a population-level view of healthcare in the province.
Datasets were linked using unique encoded identifiers
and analyzed at the Institute for Clinical Evaluative Sci-
ences (ICES). Details of ICES datasets are in Appendix A.
Under Ontario law (Personal Health Information Protec-
tion Act, Ontario Regulation 329/04), ICES is named as a
prescribed entity and can receive and use health informa-
tion without consent for the purposes of compiling and
analyzing statistical information about the health care
system in Ontario. ICES goes to great lengths to protect
privacy and is recognized as an international leader in
maintaining the security of health information.
Healthcare encounters were recorded in multiple
record-level, administrative datasets in the ICES Data
Repository, and encrypted patient-specific identifiers
(ICES-specific key number [IKN]) were used to link
the administrative datasets. Patient data records were
obtained from Canadian Institute for Health Informa-
tion’s (CIHI) Discharge Abstract Database and Same Day
Surgery for inpatient hospital care, National Ambulatory
Care Reporting System for emergency visits, Ontario
Health Insurance Program for physician billing data, and
other data containing sociodemographic information
(ICES Registered Persons Database and Statistics Canada
Census). Additionally, ICES-developed disease cohorts
were used to identify rheumatoid arthritis (Ontario
Rheumatoid Arthritis Database) [15, 16] and diabetes
(Ontario Diabetes Database). Fracture codes based on
ICD-10 are listed in Appendix B.

Fracture identification/description

We included all patients over 18 years of age who visited
the emergency room with an upper extremity fracture
from January 1, 2013 to December 31. 2017. Only the
first such event was eligible for inclusion. To ensure all
fracture-related diagnoses were captured, we appended
diagnoses reported during ER visits and hospital admis-
sions within 5days of the initial ER visit. We excluded
non-Ontario residents and those with evidence of an
upper extremity fracture, as an adult, within the previous
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10-years (previous pediatric fractures were permitted).
To help make sure we identified all previous fractures,
we also excluded individuals who were not eligible for
healthcare services in Ontario for this full 10-year look-
back period.

Fracture profiles

Fractures were described by region, specific types, open/
closed, season and whether a tendon or nerve injury was
identified. Fracture ICD-10 codes were grouped together
based on clinical relevance; compiling open and closed
fractures, and codes where multiple codes were used
for the same type: clavicle, scapula, proximal humerus,
humerus shaft, distal humerus, head/neck of the radius,
distal radius fractures, carpal bones other than the scaph-
oid, or first metacarpal (ICD-10 codes multiple areas
on the first metacarpal but does not differentiate other
metacarpals), proximal/other phalangeal fractures. Other
specific fractures were identified by single ICD-10 codes
including olecranon, coronoid, Monteggia, ulnar shaft,
scaphoid, and distal phalanx fracture (but combined
across open and closed options). ICD-10 codes describ-
ing multiple concurrent fractures of the shoulder, radius
and ulna, forearm, metacarpals, or digits were combined
and identified as multiple fractures within those areas.
Where concurrent fractures codes were from different
regions (e.g. shoulder and hand), this was coded as frac-
ture in more than 1 region. (Appendix B).

Season was divided into four 3-month intervals, start-
ing in January, to make the exposure time relatively simi-
lar across time intervals. Rurality was defined as residing
in a community of less than 10,000 people based on the
address designation classification by Statistics Canada.

Nerve injury was grouped as a major nerve injury
when codes for specific major nerves in the upper arm
(ulnar, median, radial, axillary, musculocutaneous), fore-
arm (median, ulnar, radial), or wrist (median/ulnar) were
identified; and as any nerve injury by collapsing all spe-
cific and non-specific nerve codes for each of these 3
areas.

Patient profiles

We constructed demographic and fracture characteristic
profiles of the cohort overall and of major fracture sub-
types. Age was classified based on clinically relevant sub-
groups: ages 18 to 40 (young adults), 41 to 50 (younger
middle-age adults), 51 to 65 (older middle-age), 66 to 80
(older adults), 81+ (very old adults).

Analysis and hypotheses

Our purposes were descriptive, and the analysis focused
on counts or percentages that described the numbers
and proportions of fractures by type disaggregated by
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gender, age groups, associated injuries, and hospitaliza-
tions. The age groups were selected to represent antici-
pated different health and fracture risk profiles, with
young adults having the best bone health and being more
likely to engage in higher fracture risk activities. Younger
middle-aged adults were considered as being transitional
in terms of activity and bone health, while older middle-
age individuals (51-65years) are those with emerging
fracture risks. Older adults were considered more likely
to have associated comorbidities, and the oldest group
(814) was thought likely to have a higher probability of
frailty.

We expected that young adults would be most suscep-
tible to higher trauma “misfortune” fractures, whereas
the older middle-aged cohort would contain both active
trauma and bone compromised individuals. We expected
gender differences in young adults to reflect higher risk-
taking or greater participation in high-energy activities in
young males. We expected sex differences in bone health
to emerge by the 50-year-old age category and to be more
pronounced in fractures that are considered fragility
fractures such as DRF and PHE. We expected that frailty
fractures would be prevalent in the old and very old sub-
groups. We also expected the longer lifespan of females
to be reflected in an excess female with fractures in the
oldest category.

We described the age and sex specific counts, per-
centages and standardized mean differences for specific
fractures and tested for sex differences. A significant
ANOVA for group comparisons (sex/age) and a stand-
ardized mean difference of at least 10% were both needed
to be present for us to designate findings as meaningful
differences, given our large sample size where even trivial
differences would easily reach significant p-values.

Results

General description of cohort

After exclusions from the potential cohort (n =506,071),
mostly related to age (n =174,378), we were left with a
cohort of 266,324 adults with a first upper extremity frac-
ture occurring over a four- year interval (n =44,236 were
excluded because they had prior fractures) (Fig. 1). The
mean age of the cohort was 51.5years and was slightly
female dominant (51.5%), with demographics of the
major fractures and entire cohort in Table 1. Most of the
patients were classified as coming from urban settings
(81.9%; rural 16.2%), Table 1. The only fracture where
the proportion of rurality exceeded 20% was for distal
phalangeal fractures (21.1% rural).

Fracture locations, types and seasons
Overall, the most common fracture sites were the hand
(94K), followed by the wrist (80K), shoulder (49K)
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All adult patients who visited the emergency room with an upper
extremity fracture from January 1, 2013 to December 31. 2017 with a
1®" upper extremity fracture as an adult in Ontario, Canada

Initial Cohort =506,071)

A 4

Data Cleaning

Missing age or sex (n=29)
Death prior to index (n=136)

Age < 18 years or > 105 years
(n=174,378)

Not an Ontario resident (n=1,320)

A 4

Other exclusions:

Unknown previous
fracture status = 19,648

Previous fracture = 44,236

Analyzed Cohort = 266,324

Fig. 1 Cohort diagram

and elbow (35K) — (Table 1; Fig. 2). The most com-
mon shoulder fractures were PHF and clavicle (Table 2;
Fig. 3). The most common elbow fracture was a radial
head fracture (RHF) (Table 2: Fig. 4). DRF represented
about one half of the wrist and forearm fractures,
with scaphoid being the next most prevalent (Table 2;
Fig. 5). Hands had high volumes of fractures of the met-
acarpals, distal phalanges, and other phalangeal codes
(Table 2; Fig. 6). Seasonal findings were mostly unre-
markable, likely due to lack of differentiation of sea-
sons in such a large geographic region. Fractures that
occurred most in the winter (>28% occurring between
January and March) were DRF, PHF and coronoid frac-
tures (Table 3). Fractures that had a higher predomi-
nance in the summer (>28% occurring between July
and September) included: clavicle, scapula, radial head,
ulnar or radial shaft (or combined),scaphoid, meta-
carpal, phalangeal or distal phalangeal fractures and

fractures occurring in multiple regions of the upper
extremity.

Description of fracture groups by age/sex profile
Sex and age profiles were quite different across dif-
ferent fracture types (Tables 1 and 2; Figs. 2, 3, 4, 5, 6).
Detailed description of age and sex profiles are appended
as supplemental figures. The most common fractures
were in order: distal radius fractures (DRF), metacar-
pals, phalangeal fractures, distal phalangeal fractures,
proximal humerus fractures, clavicle fractures, radial
head fractures and scaphoid fractures. Uncommon frac-
tures included coronoid (n =714), isolated radius shaft
(n =449) or combined radial and ulnar shaft (n =321)
and Monteggia (n =50).

When examining age profiles by region shoulder
fractures had the greatest proportion of the oldest age
group and hand fractures had the greatest proportion
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Table 1 Demographics of the sample and specific upper extremity fractures

Demographics

Fracture Type n Age (years) Sex (%) Location (%)*
Mean (SD) Median IQR Women Men Urban Rural
All 1%t incident upper extremity fractures
Entire cohort 266,324 52 (21) 53 33-67 515 485 82 17
Fractures by Region
Shoulder 48,582 61 (20) 63 49-77 56 43 81 17
Elbow 35,362 52 (20) 54 36-67 60 40 85 14
Wrist 80,010 55(20) 57 41-70 65 35 83 16
Hand 93,673 42 (18) 40 26-55 33 66 80 18
Hand and Wrist 5967 54 (20) 56 37-70 59 41 82 15
Multiple UE regions 8697 56 (21) 57 39-72 57 43 79 19
Specific Fractures
Clavicle 15,121 51(22) 50 31-66 34 66 80 18
Scapula 3255 57(20) 57 43-72 33 67 79 20
Proximal Humerus 21,765 68(16) 69 59-81 74 26 83 16
Humerus Shaft 2396 61(20) 63 49-76 61 39 82 17
Humerus, Unspecified 1992 65 (18) 66 55-78 68 32 84 14
Shoulder, Multiple 4053 63(19) 65 52-79 57 43 79 19
Distal Humerus 2738 60(22) 63 44-79 62 38 84 15
Olecranon 3707 58(20) 59 44-75 52 48 85 14
Coronoid 714 47(16) 48 34-59 46 54 86 13
Monteggia 50 46 (19) 48 29-61 50 50 74 24
Radial Head 13,934 46(18) 47 31-59 60 40 86 13
Multiple Radius and Ulna 11,844 57(20) 58 44-72 66 34 84 14
Ulnar Shaft 1605 49(21) 48 31-63 44 56 80 18
Radius Shaft 449 48 (19) 49 32-62 48 52 82 16
Ulna and Radial Shaft 321 46(22) 42 27-63 53 47 86 13
Distal Radius 47,407 59(18) 60 49-72 73 27 83 16
Forearm, Multiple 8372 55 (20) 56 39-69 62 38 78 20
Scaphoid 13,279 44 (20) 42 26-59 50 50 86 13
Carpal, Other 4985 50(18) 52 35-63 39 61 86 13
Metacarpal 1 2071 42(20) 38 24-56 29 71 83 15
Metacarpal 2 30,462 38(18) 32 23-49 30 71 82 16
Metacarpal, Multiple 2166 40(20) 33 23-52 27 73 80 18
Proximal Phalanx 3701 45(19) 44 28-58 39 61 82 17
Distal Phalanx 24,407 45(17) 45 31-57 29 78 18 21
Phalanx, Other 26,211 45(18) 43 29-57 43 57 82 17
Finger, Multiple 4655 47 (19) 47 30-60 30 70 75 23

*This data was missing for 1.5 % of the cohort. DRF= distal radius fracture , DP distal phalanx, = MC= metacarpal, M= multiple , R/U= radius and ulna . UE= upper
extremity. The bolded number indicate where an excess burden is present in males or females with 10% or more difference in proportions when all age groups are
combined; or for location where the highest proportions exist for either rural or urban

of the youngest group. (Table 1 and 2) When examin-
ing the different demographic profiles of major frac-
ture subtypes, PHF demonstrated the oldest mean age
(68 years) and metacarpal fractures (2nd to 4th) the
youngest age (38years). (Table 1). The largest number
of fractures occurred in 18 to 40-year-olds for meta-
carpal, phalangeal, clavicle, radial head, and scaphoid

fractures (Table 2; Fig. 2, 3, 4, 5). Clavicle fractures
and radial head fractures while presenting in larger
numbers for the 18 to 40-year-olds, also had substan-
tial proportions in the 51 to 65-year-old group. For
DRF and multiple radial/ulnar fractures, the largest
proportion of fractures occurred in the 51-65 group,
while in PHF the largest number of fractures number
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occurred in the 66—80 subgroup. The fractures that
were the most female predominant were PHF (73.9%)
and DRF (73.3%) (Table 1). The fractures that were
most male predominant were distal phalangeal frac-
tures (71.1%) and metacarpal fractures (70.5%)
(Table 1). When deconstructing further to create age
and gender profiles for specific types of fractures the
following descriptive trends (Figs. 2, 3, 4, 5, 6) were
observed:

1. Shoulder Fractures (Fig. 3)

a. Scapula fractures -were relatively uncommon
with less than 1000 cases per age category. Larger
numbers of fractures occurred in males through-
out all age groups excepting those over 81 years of
age; with a substantial predominance of males up
to the age of 65

b. Clavicle Fractures- were the largest volume of
fractures in the 18 to 40-year-old category. There
was predominance of males with shoulder frac-
tures up to the age of 65, with the sex differential
being largest in the youngest age group.

c. Proximal humerus fractures were the largest vol-
ume of shoulder fractures in the 66 to 80-year-old
age group with more than 8200 fractures. Frac-
ture volumes were low in people under the age of
50. Thereafter, females presented with substan-
tially greater numbers of fractures than males.

d. Humeral shaft fractures-this fracture type was
less commonly reported, with less than 700 frac-
tures per age category. There was a larger volume
of fractures in males in the 18 to 40-year-old
group, with females being more common in the 3
age groups after 50years of age.

2. Elbow Fractures (Fig. 4)

a. Radial head fractures. The largest number of
radial head fractures occurred in the 18 to
40-year-old age group (>5400 cases) with males
being slightly more predominant in presenting
cases. In all the subsequent age groups, females
were more predominant than males. The largest
number of females presenting with radial head
fractures occurred in the 51 to 65-year-olds (3031
females versus 1084 males).

b. Olecranon fractures-were a relatively uncommon
fracture with less than 1000 cases per age cate-
gory. The largest volume of these fractures was in
the 51 to 65-year-old age group with almost 1000
cases. Prior to 50years of age males were more
predominant in fracture cases, thereafter females
were more predominant.

3. Wrist/Forearm (Fig. 5)

a. Distal radius fractures were, by far, the most com-
mon wrist fracture, with more than 16,000 cases
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in the 51 to 65-year-old age group. There were
more cases in females at all age groups although
the differential was small in the 18 to 40-year-old
category and became highly sex differentiated in
older age groups, with the 51 to 65-year-old age
group (12,615 females versus 3759 males).

b. Scaphoid fractures were most common in 18 to
40-year-olds, with more than 5300 cases. In the
youngest group, males were more predominant.
In all older age categories females were more
prevalent than males.

4. Hand (Fig. 6)

a. Metacarpal fractures of digits 2—-5 were most
common in the 18 to 40-year-old category and
were predominantly males (15,533 males ver-
sus 3819 females). Much smaller numbers pre-
sented in older categories and the sex differential
became trivial by age 51.

b. Proximal /Middle Phalangeal fractures were more
common in the 18 to 40-year-old age category
(>13,000 cases) and were male predominant up
until the age of 65.

c. Distal phalanx fractures presented in the highest
volumes in 18 to 40-year-olds where there were
more than 10,000 cases. Males predominated the
fracture cases up to the age of 80.

5. Multiple Fractures

a. Fractures in multiple regions of the upper
extremity occurred in males more commonly up
to the age of 50 with the largest male predomi-
nance in the 18 to 40-year-old category (1579
males versus 738 females). After the age of 50
females were more common.

b. Multiple fractures of the shoulder were more
common in older age groups. Males were more
predominant up to the age of 50 and thereafter
females were more common.

c. Multiple fractures of the radius and ulna occurred
more commonly in males in the youngest age cat-
egory, and more commonly in females in all older
age groups.

Associated injury and hospitalizations

Overall, only 4.7% of fractures were coded as open frac-
tures; and nerve (0.3%) and tendon (0.6%) injury was
rarely reported (Table 3). A higher proportion of nerve
injuries was recorded for fractures in multiple regions
(1%) and phalangeal fractures (0.5%). The fracture type
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that was most recorded as an open fracture was a distal
phalangeal fracture (23%). In total 7.6% of the fractures
were associated with a hospital admission. Hospital
admission rates were highest for fractures occurring in
multiple upper extremity regions (37%) and olecranon
fractures (26%).

Discussion

This paper provides a population-level description of first
adult upper extremity fractures in a universal healthcare
setting. Overall, the hand was the region most affected,
reflecting a high volumes of finger fractures. The over-
all sex/gender ratio of females to males suggests similar
rates of fracture (51.5% versus 48.5%), but this overall sex
ratio masks large differences in specific age-sex profiles
for different fractures. Previous research has typically
focused on the most prevalent fractures or has amalga-
mated many different types of fractures. Our data indi-
cates substantially different age and sex profiles across
different upper extremity fracture types. This reinforces
the importance of considering sex and lifespan interac-
tions in fracture epidemiology and the loss of informa-
tion that can arise when amalgamating upper extremity
fracture data into too few categories. Since different pro-
files may be associated with different mechanisms, risks,
treatment needs, and outcomes, lumping dissimilar frac-
tures together may mask important findings.

We selected age categories that reflected different bone
health stages of the lifespan and found a variety of age-
sex fracture patterns. While it is commonly considered
that DRF has a bi-modal distribution of young males and
older females, we found that females were more preva-
lent in all age groups, although the difference was small
in the 18—40-year-old age group. We saw a large spike
in DRF cases in women at 51years of age, that did not
occur for males. In PHF which are typically considered a
fragility fracture there was a small excess of males in the
18-40-year-old group; and a large spike in females cases
at the 50-65-year-old group. This is consistent with age-
related mechanism differences where young males are
more likely to incur high trauma or “misfortune” frac-
tures, whereas older females incur a DRF/PHF with low
trauma as is typical for a bone-compromised or fragility
fracture. This concurs with our mixed methods study of
causes of DRF where we examined quantitative data from
a cohort of more than 1400 patients [17]. We found that
low trauma fractures were more common in those over
45years of age, and high trauma fractures occurred most
often in the youngest (18-24-year-old) group. In the
qualitative part of that study, we found the factors con-
tributing to fractures included environment, risk taking
behaviors, physical factors, and sports activities. Females
have elevated fracture risks due to their bone geometry
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and composition [18]. At age 50 there is a large increase
in DRF and PHF volumes in females compared to males,
even though the population contains very similar num-
bers of males and females at this age [19]. We expected
these sex differences due to osteoporosis/osteopenia
preferentially affecting females [18] in the middle-aged to
older adult females, as this has been previously reported
in other epidemiologic studies [3, 5, 7]. An unexpected
finding in our current study was that a similar pattern
of excess burden in 50+ females in scaphoid fractures,
radial head fractures, multiple fractures of the radius and
ulna, and humeral shaft fractures, which are not consid-
ered fragility fractures. This might mean that our defini-
tion of upper extremity fragility fracture may need to be
expanded, and that current recurrent fracture preven-
tion strategies which focus on DRF [20] and PHF may
be missing opportunities to prevent fractures in at-risk
individuals who present with these other upper extrem-
ity fractures that share a similar profile. Studies of risk of
future spine or hip fractures, and osteoporosis diagnosis
following scaphoid fractures, radial head fractures, mul-
tiple fractures of the radius and ulna, and humeral shaft
fractures are needed to clarify this issue.

Some fractures including scapula, metacarpals, finger
fractures and distal phalanx have a high preponderance
in young males. This may reflect greater participation
in fracture-risk activities/behaviours e.g. contact sports,
greater risk-taking, fights/aggressive actions, manual
occupations, outdoor work etc. Although we report sex
differences because health records measure sex not gen-
der, we acknowledge that there is an interaction between
sex and gender. We recognize a lack of non-binary
reporting options or clarity on sex/gender in medical
records data. To illustrate the potential role of gender we
note that metacarpal fractures have a high predominance
amongst young males, but this differential disappears in
older males. As suggested by the common term “boxers’
fractures” punching behaviours (walls, objects, people) is
a common mechanism [21] and our data indicates that
younger males are more likely to incur these aggression
injuries. However, our data also suggests this aggressive
behaviour might dissipate with age, or at least that a first
incident decreases with age (since recurrent fractures are
not reported in this paper). It is possible that sex hor-
mones and gendered expectations influence aggressive
behaviours, especially in young men/males. Conversely,
distal phalanx fractures have a substantial predomi-
nance in males throughout the lifespan, except the oldest
age group. We hypothesize that gender-role differences
in occupational and recreational exposures includ-
ing outdoor work, equipment uses, and manual labour,
contribute to lifelong finger fractures risk exposures in
males, which would explain why this excess burden is
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maintained throughout adulthood. While health service
data cannot identify why differences occur, these differ-
ent patterns support hypothesis generation for the source
of age sex/gender rate differences that would inform tar-
geted prevention strategies. Quantitative and qualitative
studies on fracture mechanisms are needed to explore
the explanations for these differences.

In the oldest age group, the number of distal phalanx
fractures is higher in females, but this may reflect the
greater longevity of females. Further, more older females
would be more likely to be living alone which may affect
the types of activities they need to do, and the associ-
ated risks for fractures [22]. Sex differences in longevity
must be considered as a reason why women only become
predominant in the oldest age category of fractures. In
Canada, at age 80 the ratio of females to males is approxi-
mately 4:3, at 85 it is 5:3, at 90 it is 2:1 and at 95 it is 4:1
[19]. Thus, the higher numbers of females having frac-
tures in the oldest category, particularly in fractures that
are male predominant in the younger age categories likely
reflects the larger volume of females in tshe population.
Since we examined fracture volumes and proportions,
not rates from the existing population, sex differences
in the oldest age group should not be misinterpreted as
indicating higher risk. However, the volumes are impor-
tant since these are an accurate reflection of the burden
of first incident fractures that present for management.

Environmental factors are known contributors to frac-
ture [17]. Fractures that occurred more often in the win-
ter months included the classic fragility fractures (DRF,
PHF) and olecranon fractures which often occur due
to falls from level ground in slippery conditions. Con-
versely, summer weather is associated with greater par-
ticipation in outdoor sport and recreational activities
which is reflected in a greater burden of clavicle, radial
head, fractures in multiple regions of the upper extrem-
ity and distal phalangeal fractures. Although only 16%
of the fractures overall were classified as rural cases,
the fact that the Ontario population is classified as 14%
rural, suggests a small excess burden might be attributed
to rurality. For example, the largest proportion of cases
classified as being rural was for distal phalanx fractures
(20%). The nature of both occupational (e.g., fishing and
farming) and recreational activities (e.g., off-roading) in
rural locations might contribute to increased fracture
hazards. These are hypothesized mechanisms since we
have no actual data about the circumstances of the frac-
ture including weather or participation in sport, due to
the nature of health service data. Further, the demarca-
tion of 10,000 community population is not a good way
to differentiate rural life from urban life.

One advantage of administrative data is the potential
to study rare diagnoses with large samples. Monteggia
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Table 3 Injury characteristics for specific upper extremity fractures

Fracture Characteristics

Fracture Type n % Open  Nervelnjury Tendon Injury Hospital Injury date (%/quarter)
Admission

Jan- April- July-Sept  Oct-

March=5M June Dec
Entire cohort 266,324 5 0.3 0.6 8 25 24 27 24
Fractures by Region
Shoulder 48582 06 0.1 0 17 25 24 27 24
Elbow 35362 3 03 0.1 Il 25 24 28 24
Wrist 80010 0.8 0.1 0.1 4 29 23 25 24
Hand 93673 1 05 1 1 21 26 29 24
Hand and Wrist 5967 1 <=5 0.2 1 27 24 26 23
Multiple UE regions 4938 7 1 04 37 23 24 29 24
Specific Fractures
Clavicle 15121 0.6 <=5 <=5 12 20 26 33 21
Scapula 3255 05 <=5 <=5 22 24 24 29 23
Proximal Humerus 21765 0.3 0.1 <=5 17 28 22 23 27
Humerus Shaft 2396 1.3 1 <=5 19 28 21 25 26
Humerus, Unspecified 1992 0 <=5 0 4 31 21 22 26
Shoulder, Multiple 4053 1.7 0.5 <=5 38 24 24 27 24
Distal Humerus 2738 4.8 1.5 <=5 27 24 24 28 25
Olecranon 3707 49 0.2 <=5 26 28 21 26 25
Coronoid 714 <=5 <=5 <=5 04 31 23 24 22
Monteggia 50 18 0 0 66 20 32 24 24
Radial Head 13934 <=5 <=5 <=5 2 22 26 30 22
Multiple Radiusand Ulna 11844 4 03 0.1 13 27 23 26 24
Ulnar Shaft 1605 3 <=5 04 6 23 25 29 23
Radius Shaft 149 4 <=5 <=5 23 22 29 26
Ulna and Radial Shaft 321 16 <=5 <=5 53 27 24 30 20
Distal Radius 47407 1 0.1 0.1 5 31 22 27 23
Forearm, Multiple 8372 02 02 9 26 24 27 23
Scaphoid 13279 . <=5 0.2 0.8 24 25 28 23
Carpal, Other 4985 0.5 0.1 02 1 26 23 27 24
Metacarpal 1 2071 0.5 1 3 20 27 30 22
Metacarpal 2 30462 1 0.1 03 1 22 25 28 24
Metacarpal, Multiple 2166 3 0.5 1 3 21 27 28 24
Proximal Phalanx 3701 8 0.6 2 2 21 27 29 23
Distal Phalanx 24407 23 03 1 1 20 26 29 25
Phalanx, Other 26211 9 0.5 2 1 21 26 29 24
Finger, Multiple 4655 27 4 1 9 21 25 29 25

DRF= distal radius fracture , DP distal phalanx, = MC= metacarpal, M= multiple , R/U= radius and ulna . UE= upper extremity; Bolding is used to highlight where
there was some seasonality indicated i.e. the highest proportion of fractures occurring in a specific quarter of the year with a minimum difference of at least 3% over
quartiles from other seasons. A (<=5) is used where the numbers were too small for reporting, but not 0 (a measure taken to protect privacy in small cells of health
administrative data)

fractures are an example, where we hoped to gain novel
information on this rare but challenging fracture. Since
only 50 cases of Monteggia fractures were reported in
our four-year cohort of more than 266,000 cases, longer
cohorts would be needed to study the health service pro-
files of these fractures. We suspect that underreporting

may partially explain these low numbers, since not all
Monteggia fractures might be identified by that specific
code, especially by non-speciality physicians. Potentially,
Monteggia were classified as fracture dislocations rather
than by their specific name. This may unintentional
due be lack of clarity on terminology particularly for
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non-specialists or be intentional and related to the bill-
ing for these 2 codes since fracture -dislocations can have
a higher fee. Our data suggests that a coding validation
study would be needed prior to conducting any adminis-
trative data analyses on this fracture type.

We found very low rates of tendon and nerve injury.
The overall rate was influenced by a higher prevalence of
nerve injury in finger and distal phalanx fractures, where
the nerve injury is unlikely to cause substantial perma-
nent disablement. The relatively higher proportion of
1.1% cases of nerve injury seen in multiple fractures may
be of more concern since these would be associated with
a higher level of trauma and likely more proximal nerves
injuries which has a poorer prognosis. The low rates of
reported nerve injury will make it difficult to examine the
health service impact of upper extremity nerve injury in
future studies unless longer cohort windows are sampled.
Tendon injuries were also infrequently reported, and as
expected were more common with finger fractures. Since
no validation studies have been performed for nerve and
tendon codes, we cannot be confident that these esti-
mates are accurate reflections of the prevalence of tendon
and nerve injuries associated with upper extremity frac-
tures. It is possible that some nerve and tendon injuries
are recognized/coded later when upper extremity spe-
cialist surgeons become involved in the case. This should
be investigated in a future longitudinal validation study
as the inability to accurately identify cases limits the use-
fulness of health service data for evaluating outcomes of
tendon and nerve injury.

We considered that hospital admission might be
another indicator of the severity of the injury during
which the fracture occurred. This was confirmed since
hospital admissions were higher for shoulder and mul-
tiple fractures. Some fractures cases may have required
hospitalization due to the nature of the surgical recon-
struction required e.g., olecranon fractures, Monteggia,
or multiple fractures. Others may require hospitaliza-
tion due to the frailty of the presenting case. Others may
have been related to associated injuries. The highest
rate of hospitalization occurred when fractures were in
multiple regions of the upper extremity which might
suggest more complex trauma and associated injuries
were important contributing factors to the need for
hospitalization.

This study provides a detailed description of first
incident upper extremity fractures and suggests that
age-sex-specific lifespan patterns vary widely for dif-
ferent fracture types. This may be attributable to sex-
specific biologic differences that vary over the lifespan
particularly with respect to bone quality, and gender
differences in risk-taking behaviours and or gendered
worlk/life roles that also vary across the lifespan. These
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hypotheses cannot be tested, given the limitations of
health service data. However, our data provide more
granular definition of the burden of upper extremity
fractures than previous studies and indicate that frac-
ture specific profiles are needed in healthcare planning
and fracture prevention.

Strengths and limitations

This study is large and more detailed than previous stud-
ies of upper extremity fractures. It discovered age/sex dif-
ferentiated fracture profiles that have not been previously
reported. Despite this, the study has several limitations.
Ontario may not represent other regions of Canada or
other countries. However, this data represents approxi-
mately 40% of the Canadian population and is one of the
largest published upper extremity fractures cohort pro-
files. Since administrative databases were designed for
health system management and physician remuneration
purposes, there are several inherent limitations to code
coverage and validity. Not all fractures would present
for care, and some fractures may be missed where imag-
ing is not performed or able to detect early fracture (e.g.
scaphoid fractures) or correctly interpreted/coded (e.g.
Monteggia fractures). We designated seasons by 3-month
intervals to control exposure time, but this does not
accurately reflect the weather exposures of interest since
Ontario spans over 1 million square km, and the weather
patterns vary widely across the province. Imprecision in
coding or classification would make it more difficult to
describe true differences. Our hypotheses about potential
risk factors and behaviours are presumptive since health
service data does not contain information about fracture
circumstances.

Conclusions

The demographic profiles of first incident fractures in
patients without a prior history of upper extremity frac-
ture as an adult is highly variable across different frac-
ture types. Sex and age greatly influence these profiles.
Risk-taking behaviours, sex and gender mechanisms,
physiological differences, sex, and aging mechanisms that
affect bone quality, seasonal variations/environmental
exposures, and social roles/exposures should be explored
as contributors to these widely variant fracture profiles.
Studies that lumped together all upper extremity frac-
tures may miss important differences in mechanism or
prognosis. Future studies should consider the highly vari-
able upper extremity fracture profiles when planning case
management and fracture prevention.
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