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ABSTRACT

Background: Clavicle fractures are a very common injury due to accidental trauma, specifically during
athletics. The purpose of this study was (1) to determine the incidence of clavicle fractures presenting to
United States emergency departments; (2) to compare the rate of clavicle injuries from 2012 to 2015 to
2002—2005 (3) to determine the most common mechanisms of injury for clavicle fractures.
Methods: The National Electronic Injury Surveillance System (NEISS) was queried for the years 2002
—2005 and 2012-2015. Examined variables included patient age, sex, and year of admission. Total
annual case numbers were estimated using NEISS hospital weights. Annual injury incidence rates by age
group and patient sex were calculated based on yearly U.S. Census estimates. Chi square test and logistic
regression were used to compare injury rates by sex and age groups. Statistical significance was set at
P <0.05.
Results: During the 8 years studied, the participating emergency departments (EDs) coded 14,795
fracture exposures. Using weighted estimates, this represent 545,663 injuries nationally (95% CL 425,986
—665,339). This resulted in an incidence of 22.4 injuries per 100,000 person years (95% CL 17.5—27.3). The
most common causes of injury were bicycles (15.1%), football (10.7%), beds/bedframes (6.8%), stairs
(5.4%), and floors (4.0%). Fifty percent of clavicle fractures were due to an athletic activity. There was no
significant change in injuries from 2002 to 2005 compared to 2012—2015 (23.1 per 100,000, 95% CL 18.5
—27.7, and 22.4 per 100,000 person years (95% CL 17.5—27.3), respectively).
Conclusion: Clavicle fractures continue to occur at similar rates, with athletics accounting for 50% of
injuries. Patients most at risk for clavicle fracture was bimodal in nature, with males aged 0—19 being the
most common. Females were most at risk between 0 and 9 years old. We found that clavicle fracture
continued to occur at similar rates as compared to 10 years prior, especially in active populations
participating in collision sports (bicycle, football, and soccer).

© 2019 Delhi Orthopedic Association. All rights reserved.

1. Introduction

occurred in men, and the mid-clavicle was the most common
location (81%).!” This study also reported that traffic accidents were

Clavicle fractures are common injuries that are particularly
likely to occur during athletic and recreational activity.>? There is a
paucity of literature regarding the epidemiology of this injury, and
the most common mechanisms of injury on a large scale. Post-
acchini et al. reported on the epidemiology of 535 isolated clavicle
fractures at a major metropolitan hospital over an 11 year period."”
Overall clavicle fractures composed 2.6% of all fractures seen in this
time period, and 44% of shoulder girdle fractures. A majority (68%)
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the most common mechanism of injury."” A larger study utilizing
the Swedish Fracture Registry (SFR) identified 2422 clavicle frac-
tures over one year.” This study also found 68% prevalence in males,
with 21% of all injuries occurring in the 15—24 age group. Ground
level falls and bicycle accidents were the most common mecha-
nisms of injury.® Overall the SFR showed an increasing incidence of
clavicle fractures, with a rate of 35.6 per 100,000 person years in
2001 to 59.9 per 100,000 person years in 2012.%2%

Similarly, rates of clavicle injury during various athletic activities
have been reported. In 2014 Van Tassel et al. performed a review of
clavicle fractures presenting to United States Emergency Depat-
ments.?” The authors reported on 9428 fractures, over a 5 year time
period and found males 10—19 years of age the be the group most
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likely to sustain an injury.?> Overall sports injuries were respon-
sible for 45% of fractures, with 16% due to biking, 12% from football,
and 6% soccer.”> While a majority of literature regarding clavicle
fractures is focused on smaller patient cohorts at single hospitals or
communities, we sought to perform an updated analysis of the
incidence and epidemiology of clavicle fractures, as well as the
mechanisms of injuries responsible for them. Out goal was to
determine epidemiologic trends in clavicle fractures from 2012 to
2015, with a specific focus on injuries incurred during athletic and
recreational activity in patients presenting to United States Emer-
gency departments. Additionally, we compared rates and trends in
injury from the 2012—2015 time period to injuries reported in the
2002—2005 time period to see if recent trends in youth sports
participation as well as increased usage and knowledge of safety
equipment has led to any change in the rate of injury in the past 10
years.

2. Methods

The United States Consumer Product Safety Commission (CPSC)
National Electronic Injury Surveillance System (NEISS) was used to
obtain national estimates of clavicle fractures for the years
2002—2005, and 2012 to 2015. The NEISS is a nationally repre-
sentative sample of 100 participating hospital emergency de-
partments nationwide. The large sample size and probability
weighted sampling allows for estimates generalizable to the na-
tional population. Emergency department visits for clavicle frac-
tures were identified using NEISS injury diagnosis codes (57:
Fracture) and body part codes (30: Shoulder). Further, the case
narratives for all qualifying patients were reviewed. Patients were
only included if the NEISS case narrative specifically described
clavicle fracture. Patient demographics examined included patient
age, sex, and year of admission. Primary cause of injury was also
identified, and stratified by sex. Total annual case numbers were
estimated using NEISS hospital weights, calculated from the prob-
ability of inclusion for each visit in the database. Population esti-
mates by age and sex were obtained from annual United States
Census estimates and used to calculate clavicle fracture rates for
each segment of the population.

2.1. Statistical analysis

Standard error and 95% confidence intervals were calculated for
all national estimates. Chi square tests were used to compare injury
rate between age groups. Chi square tests were also used to
compare the most common causes by sex. National estimates of
incidence calculated using NEISS sample weights were used for all
analyses. All statistical analyses were performed utilizing SAS sta-
tistical software v.9.4 (SAS Institute, Inc. Cary, NC). Statistical sig-
nificance was set at P < 0.05 a priori.

3. Results

During the 8 years studied, the participating emergency de-
partments (EDs) coded 14,795 fracture exposures. Using weighted
estimates, these patient exposures represent 545,663 injuries na-
tionally (95% CL 425,986—665,339). This resulted in a calculated
incidence of 22.4 injuries per 100,000 person years (95% confidence
interval 17.5—27.3) using United States Census data available for
those years. The most common overall causes of clavicle fracture
were bicycles (15.1%), football (10.7%), beds/bedframes (6.8%), stairs
(5.4%), and floors (4.0%) (Table 1).

From 2012 to 2015, the participating emergency departments
(EDs) coded 7530 fractures. Using weighted estimates, these pa-
tient exposures represent 276,492 injuries nationally (95% CL

207,223—-345,761). The total incidence of clavicle fractures was
relatively unchanged, ranging from 21.5 to 22.0 per 100,000 in this
time frame (p = 0.9473), with an overall rate of 21.8 injuries per
100,000 person years (95% confidence interval 16.3—27.2).

During this 2012—2015 period, clavicle fractures were more
common in males, with 30.5 injuries per 100,000 (range 29.7—31.7,
95% CL 22.8—38.2) than females, who experienced 13,3 injuries per
100,000 (range 12.7—13.6 per 100,000, 95% CL 9.9-16.7)
(p <0.001). The age group at highest risk for clavicle fracture was
10—19, with 50.4 injuries per 100,000. The age distribution of
clavicle fracture differed by sex (p < 0.001). Males were at highest
risk for clavicle fracture between ages 10—19 (84.6 injuries per
100,000 person years, 95% CL 64.6—104.7). Females were at highest
risk between ages 0 and 9 (41.0 injuries per 100,000 person years,
95% CL 27.0-55.0) The patient group who presented most
commonly with clavicle fractures from 2012 to 2015 was males
aged 10—19, of which clavicle fracture occurred at a rate of 84.6 per
100,000, 95% CL 64.6—104.7) (Fig. 1). The rate of clavicle fractures
declined with increasing age, with the exception of an increased
rate in the 80 + age group, representing the highest risk non-
pediatric (age<19) age group in both sexes. The rate of clavicle
fracture in the 80 + age group was 26.4 per 100,000 in males (95%
CL 19.4—33.4), compared with 36.3 in females (95% CL 26.0—46.6),
representing the only age group with higher incidence in females.

Additionally, the more recent 4-year period, 2012—2015, was
compared to the 4-year time frame from 2002 to 2005, which had
an overall rate of 23.1 per 100,000, (95% CL 18.5—27.7, range
20.9—24.0). During this prior time, injury rate varied similarly by
sex, with an overall rate of 34.4 injuries per 100,000 person years in
males (95% CL 27.3—41.4), compared with a rate of 12.2 in females
(95% CL 9.8—14.6) (p<0.0001) The rate of clavicle fracture in
2002—2005 was compared to that of 2012—2015, and was not
found to be significantly different.

Fractures were examined to assess the proportion as a result of
sports. Overall sports accounted for 50.0% of fractures (weighted
incidence). Other popular etiologies included falls from beds, stairs,
floors, and sofas, as well as recreational activities including swings
and trampoline. When further examining sports related injuries
over this time the activities which were most likely to cause a
clavicle fracture included: bicycle riding (15.1%), American football
(10.7%), and soccer (3.8%), (Table 2). Injury mechanism varied
significantly by sex (p<0.001). In males, the most common
mechanisms were mostly athletic in nature: bicycles (17.9%), foot-
ball (14.6%), dirt bike (4.7%), off-road vehicles (4.2), and soccer
(3.9%). In females, the most common mechanisms were a combi-
nation of fall related, and sports related injuries: beds (13.9%), stairs
(9.5%), bicycles (8.3%), chairs (4.3%), and sofas (3.5%).

4. Discussion

In this study we sought to determine the incidence and char-
acteristics of clavicle fractures in the United States population. We
have shown an incidence of 21.8 injuries per 100,000 in 2012—2015
that ranged from 21.5 to 22.0 per 100,000. Fractures of the clavicle
most commonly occurred in males 10—19 years old with a large
percentage of clavicle fractures occurring during participation in
sports. The incidence of clavicle fractures in the United States ap-
pears to have remained stable. Van Tassel et al.>®> assessed the
incidence of clavicle fractures in the US population from 2002 to
2006 and reported an incidence of 24.4 fractures per 100 000
person-years. We demonstrated that incidence of has not signifi-
cantly changed since that time period. In the present study we have
shown that clavicle fractures occurring during sports accounted for
50.0% of all fractures, similar to the findings by Van Tassel et al.,>>
who demonstrated that 45% of clavicle fractures occurred during
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Table 1
Most common causes of clavicle fracture.
Rank Overall Male Female
Product Percent Product Percent Product Percent
1 Bicycles 15.1% Bicycles 17.9% Beds/Bedframes 13.9%
2 Football 10.7% Football 14.6% Stairs 9.5%
3 Beds/Bedframes 6.8% Dirt Bike 4.7% Bicycles 8.3%
4 Stairs 5.4% All Terrain Vehicles 4.2% Floors 8.1%
5 Floors 4.0% Soccer 3.9% Chairs 4.3%
6 Soccer 3.8% Beds/Bedframes 3.9% Sofas 3.5%
7 All Terrain Vehicles 3.6% Stairs 3.7% Soccer 3.5%
8 Dirt Bike 3.5% Snowboarding 3.4% Horseback Riding 3.0%
9 Snowboarding 2.5% Skateboards 3.3% Swing Sets 2.1%
10 Skateboards 2.5% Floors 2.3% Bathtubs/Showers 1.9%
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Fig. 1. Total Incidence of Clavicle Fracture 2012—2015 by age Group Per 100,000.

sports participation.

An increased risk of clavicle fracture from participation in sports
is not a new finding. Clavicle fractures account for 10% of all sport-
related fractures and approximately 85% of all clavicle fractures in
adolescents occur during sports.'>?° Fractures in athletes generally
occur from a fall onto the ipsilateral shoulder. This results in large
forces onto the clavicle, as it is the only loadbearing bone that
stabilizes the glenohumeral joint.!%?!

In the current study we found bicycle riding, American football
and soccer to account for the largest percentage of sport-related
clavicle fractures. Other studies have noted similar mechanisms
of injury.5710121519.23 Nelson et al.'> performed a retrospective
analysis of bicycle-related injuries in the United States and noted
clavicle/shoulder fractures to be the second most common injury.
Numerous studies have reported high rates of clavicle fractures in

contact/collision sports.>®161819.23 Recently investigators have
been interested in determining the optimal management of clavicle
fractures in athletes and the effect that such injuries have on return
to sport (RTS) and player performance. The risk of recurrent direct
shoulder contact in collision sports complicates when an athlete
with a clavicle fracture can safely RTS. Historically, clavicle fractures
were managed non-operatively but more recent studies have
demonstrated superior functional outcomes and faster RTS in those
managed surgically.">'"'* When managed non-operatively, ath-
letes are typically allowed to return to play around 6 weeks after
radiographic healing has occurred. Jack et al.® examined RTS and
performance following clavicle ORIF in 17 National Football League
(NFL) players. The authors demonstrated a mean RTS of 211 days
with 44% being able to RTS in the same season. No difference in
postoperative performance scores or games per season compared
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Table 2
Clavicle injuries from 2012 to 2015 by athletic/recreational activity.

Injuries (n) Estimated Weight % of Total Injuries Male Injuries Female Injuries

Bicycle 2051 82536 15.13 1744 307
Mountain biking 92 4089 0.75 89 3
Baseball 134 5037 0.92 130 4
Basketball 244 8263 1.51 204 40
Football 1816 58270 10.68 1771 45
Gymnastics 56 1801 033 20 36
Hockey 116 4995 0.92 108 8
Horseback riding 216 8576 1.57 93 123
Lacrosse 65 2042 0.37 63 2
Skateboarding 305 13495 2.47 286 19
Snowboarding 289 13814 2.53 275 14
Skiing 210 10793 1.98 175 35
Rugby 63 2447 0.45 51 12
Soccer 588 20786 3.81 449 139
Softball 74 2904 0.53 46 28
Wrestling 135 5122 0.94 127 8

with preoperative scores or games per season for any position were
seen. The same authors completed a similar study investigating
nonoperative management of clavicle fractures in NFL athletes.’
Despite their findings being similar to those in their study of
operative management in this population, the mean time to RTS
was slightly longer in nonoperatively managed athletes (244.6 days
vs 211 days).

The single patient group who presented most commonly with
clavicle fractures in the present study were males aged 10—19, of
which clavicle fracture occurred at a rate of 91.7 per 100,000 par-
ticipants. There is a strong correlation between clavicle fractures
and younger age.”> A possible explanation for this may be that
participation in sports is most common during childhood and
adolescence. In children nonoperative management is appropriate
for almost all clavicle fractures given their superior healing and
remodeling abilities.”® In a survey of the Pediatric Orthopedic So-
ciety of North America (POSNA) members, >90% of participants
favored nonoperative treatment of nondisplaced clavicle fractures.
However, nearly half of all respondents favored surgical treatment
of teenagers (age 16—19 years) with segmental fracture patterns
and 50% of members indicated that they were more likely to choose
surgical treatment for an elite overhead-throwing adolescent
athlete.” Vander Have et al.* compared the outcomes of operative
vs nonoperative management in 42 adolescent athletes 12—17
years old and reported a faster time to union in operatively
managed patients (7.5 vs 9.9 weeks) compared to patients managed
conservatively. While no significant complications were seen in
those managed with surgery, 5 of the patients managed non-
operatively developed symptomatic malunion adolescents.*

This study has several limitations. The NEISS database does not
account for the patients that received care outside of emergency
departments, including outpatient clinics, urgent care centers, and
high school/collegiate athletic training rooms. Therefore, selection
bias may exist. Furthermore, the narratives included in the NEISS
database are sometimes inconsistent and do not provide uniform
information on injury data (mechanism of injury, body site, pres-
ence/absence of protective gear, competition vs. practice, etc).
Therefore, we were unable to determine the characteristics of each
clavicle fracture and where along the shaft they occurred.
Furthermore, the database does not provide any information on the
clinical management or outcomes for each patient. Lastly, while a
longer time discrepancy would have added strength to the
study, we were limited by the database to a 10-year difference.
This may not be a long enough time period to appreciate a trend
in the epidemiology of clavicle fractures. Despite these limited
weaknesses, the NEISS is a nationwide population-based database

containing a heterogeneous patient population and has significant
external validity.

5. Conclusion

In conclusion we have shown that clavicle fractures account for
thousands of injuries in the United States annually, and most
commonly in adolescent males (age 10—19) whom participate in
sports. A decreasing rate of injury was then seen until age 80,
identifying a bimodal age distribution for this injury. While newer
data has emerged in favor of operative management for displaced
clavicle fractures, as it is deemed a safe procedure that may allow
for more rapid RTS and improved performance, larger prospective
multicenter trials must be done to confirm these findings in ath-
letes. Additionally, it does not appear that emergency visits due to
clavicle fractures have decreased in the past 10 years. Furthermore,
there is little data investigating clavicle fractures in adolescent
athletes and how the management of such injuries influences RTS
and performance, which should serve as the basis for future
studies.
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