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Increasing surgical rate of clavicle fractures =i

and acromioclavicular dislocations in Chile:
analysis over the last 15 years reveals disparities
in access according to insurance type

Catalina Vidal', Rodrigo de Marinis'?, Rodrigo Liendo', Isadora Silva', Marfa Jesus Lira' and Julio J Contreras'

Abstract

Background In recent years, an increase in surgeries to treat clavicle injuries has been reported. It has been hypoth-
esized that the studies regarding the beneficial effect of surgery in patients with displaced clavicle fractures may
have contributed to raise the surgical rates for injuries around the clavicle. To our knowledge, there is a lack of data
from Latin American countries on surgical rates of clavicle-related surgeries. The aim of this study is to describe

the rate of clavicle surgeries, including clavicle fracture and acromioclavicular dislocation, in the last 15 years

and to analyze the possible effect of sex, age, and health insurance in those rates.

Methods An observational cross-sectional study was carried out. Patients over 18 years old diagnosed with the fol-
lowing ICD-10 codes were selected: 420 "Clavicle fracture'’, S431 "Dislocation of the acromioclavicular joint’, and 5435
"Sprains and strains of the acromioclavicular joint". We collected information on the year of surgery, sex, age and type
of insurance. The annual rate of surgeries and the rate for the period studied per 100,000 people were calculated. The
rate was compared through negative binomial regression, reporting Incidence Rate Ratios (IRR) with 95% confidence
interval (95% Cl).

Results During a 15 years period of observation, 24,570 surgeries were performed. For clavicle fractures

an 8.0 100,000 surgical rate was observed, and a 4.7 x 100,000 rate was found for acromioclavicular disloca-
tions. The surgical rate for clavicular injuries increased from 2.8 in 2005 to 19.1 in 2019. Rates were higher in men,
and ages between 20 and 35 years. The surgical rate for clavicular injuries in the public system was 11.1x 100,000
and 30.9x 100,000 in the private system, which represents a difference of 2.8 times between those healthcare
systems.

Conclusion There has been a significant increase in clavicle and acromioclavicular dislocation surgeries in Chile,
with disparities influenced by age, gender, and type of health insurance.
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Juﬁgjescpoiqr:rgsce' Clavicle fractures are frequent, especially among active
juliocontrerasmd@gmail.com individuals and athletes [1]. Though acromioclavicu-
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sports-related injuries, such as, falling onto the shoulder,
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a direct blow to the clavicle, or overuse injuries due to
repetitive stress [2].

Treatment options can include rest, immobilization,
physical therapy, or surgery depending on the sever-
ity of the injury [3]. In 2007, the Canadian Orthopedic
Trauma Society conducted a randomized clinical trial
that compared nonoperative management to operative
management for displaced clavicle fractures. At one-
year follow-up, patients who underwent surgery showed
significantly better functional outcomes than those who
underwent conservative management [4]. These find-
ings have been replicated over time by different authors
and in 2019 a meta-analysis summarized the data on this
topic [5].

In recent years, an increase in surgeries to treat clavicle
injuries has been reported [6, 7]. It has been hypothesized
that the aforementioned studies regarding the beneficial
effect of surgery in patients with displaced clavicle frac-
tures may have contributed to raise the surgical rates for
injuries around the clavicle [7]. To our knowledge, there
is a lack of data from Latin American countries on surgi-
cal rates of clavicle-related surgeries. Therefore, the aim
of this study is to describe the rate of clavicle surgeries,
including clavicle fracture and acromioclavicular disloca-
tion, in the last 15 years and to analyze the possible effect
of sex, age, and health insurance in those rates.

Methods

An observational cross-sectional study was carried out
with approval of the Institutional Review Board (ID.
16-196). Data was obtained from the Department of Sta-
tistics and information of the Ministry of Health of Chile
from 2005 to 2019 (https://deis.minsal.cl). By law, this
department systematically and prospectively collects data
corresponding to all discharges from the national health-
care system including public and private practice-based
institutions. That data is then used to create an open
database for research analysis and statistics in health.

Patients over 18 years old diagnosed with the follow-
ing ICD-10 codes were selected: S420 "Clavicle fracture”,
S$431 "Dislocation of the acromioclavicular joint", and
S$435 "Sprains and strains of the acromioclavicular joint".
We collected information on the year of surgery, sex, age
and type of insurance (public or private). In Chile, health-
care is funded through a mandatory 7% deduction from
patients” salaries, allocated to either a public (FONASA)
or private health insurance (ISAPRES).

Surgery data were characterized using descriptive
analysis. The annual rate of surgeries and the rate for
the period studied per 100,000 people were calculated.
Data of the population size by year and age range were
obtained from the National Statistics Institute (https://
www.ine.gob.cl/). The rate was compared through
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negative binomial regression, reporting Incidence Rate
Ratios (IRR) with 95% confidence interval (95% CI). Sta-
tistical analyses were performed with Stata v.16 software
and significance set at 5%.

Results

During a 15 years period of observation, 24,570 surger-
ies were performed for clavicle fracture and acromio-
clavicular dislocation in patients over 18 years of age.
86% (21,207) were male patients, and the mean age was
37.4+13.8 years old. The surgery rate for all the included
patients considering the entire studied period was 12.96
(12.8-13.1) 100,000 inhabitants. For clavicle frac-
tures an 8.0x 100,000 surgical rate was observed, and a
4.7x100,000 rate was found for acromioclavicular dis-
locations. There was a statistically significant difference
(IRR 1.7; 95% CI 1.1-2.8) between the two procedures
(Fig. 1).

Adjusting by year, a mean annual increase of 15% was
observed in surgery rates (95%CI 11%-19%). The surgical
rate for clavicular injuries increased from 2.8 in 2005 to
19.1 in 2019, representing a 10.2-fold (95%CI 8.6—-12.1)
rise over that period (Table 1).

Rates were higher in men compared to women (22.6
[C195%22.3—22.9] versus 3.4 [CI95%3.3-3.5] IRR: 8.90
[CI95%8.07-9.11 p<0.001]) (Fig. 2). The rate of clavicle
fracture surgery where 13.8 [CI95%13.5 -14.0] in men
and 2.61 [CI95%2.5-2.7]; and for acromioclavicular dis-
location surgery 8.8 [CI95%8.6—9.0] for men and 0.7
[CI195%0.7—-0.8] for woman.

Highest rate was observed in ages between 20 and
35 years (Fig. 3). Also, the greatest overall increase in
surgery rate occurred among individuals aged 25 to 34.
Analyzed by diagnosis, the 15-24 age group showed a
higher increase in surgeries for clavicle fractures, while
the 25-34 age group had a greater increase in surgeries
for acromioclavicular dislocations (Table 2).

When comparing based on health insurance type,
12,260 surgeries were performed through FONASA
(public insurance), and 7,951 through ISAPRE (private
insurances). The surgical rate for clavicular injuries in
the public system was 11.1x 100,000 and 30.9 x 100,000
in the private system, which represents a difference of 2.8
times between those healthcare systems. (Fig. 4 -Table 2).
The greatest differences between these two insur-
ance options were observed in the years 2014 and 2015
(Table 3).

Discussion

The aim of this study was to describe the rate of clavicle
surgeries, including clavicle fracture and dislocation, in
the last 15 years and to analyze the possible effect of age,
sex, and health insurance in those rates.
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Fig. 1 Surgery rate by 100,000 inhabitants of clavicle fracture and dislocation between 2005 and 2019

The main finding of this study consists on the increase
of surgical rates for clavicular injuries in Chile. This is
concordant with the literature published internationally,
being this the first national report on clavicle surgery
rates to our knowledge.

Over the 15-year study duration, the calculated sur-
gical rate for clavicle procedures was 12.7 per 100,000
Chilean individuals aged 18 and above. Notably, the rate
of clavicle fracture surgeries nearly doubled that of acro-
mioclavicular dislocation surgeries during this period
(8.03 vs. 4.69), displaying a statistically significant higher
rate. Adjusting by year, a mean annual increase of 15%
was observed in surgery rates (95%CI 11%-19%). The
rate rose from 2.8 in 2005 to 19.1 in 2019, accounting for
10.2 times (95%CI 8.6—12.1) increase over that period of
time. The reasons for the increased surgical activity are
unknown.

The literature demonstrates an increase in surgical
rates for clavicle fractures across multiple studies. How-
ever, research on acromioclavicular dislocation epide-
miology is limited. Putnam et al,, using US claims data
from the IBM MarketScan Research Databases—which
cover enrollment, demographic, and medical claims from
over 300 large employers and 25 health plans—reported
that among 95,243 patients with a clavicle fracture,
15.2% received surgical treatment. In contrast, among
52,100 patients with acromioclavicular dislocation, 5.3%
received surgical treatment, representing roughly a third
of the clavicle fracture rate [8]. Huttunen et al. reported
in Finland an increase in the incidence of surgical treat-
ment nearly ninefold from 1.3 per 100,000 person years
in 1987 to 10.8 per 100,000 person years in 2010 [9].
Campbell et al. [10] reveals that the incidence and rate of
surgical intervention for clavicle fractures has increased

in Australia over the past two decades, in both sexes
and across all age groups. A total of 17,089 surgical pro-
cedures were performed in Australia between the years
2001 and 2020 for the management of clavicle fractures
in patients over the age of 15. The incidence of surgi-
cally treated clavicle fractures increased from 1.87 per
100,000 population, to a peak of 6.63 per 100,000 in 2016.
Huttunen et al. reported that although the incidence of
clavicle fractures increased in Sweden between 2001 and
2012, the rate of surgical treatment of clavicle fractures
increased much more than would be expected [11]. Con-
giusta et al. [6] conducted a retrospective study of the
US Nationwide Inpatient Sample database from 2001 to
2013 to assess operative clavicle fracture fixation. The
overall proportion of patients treated with open fixation
increased from 3,911 per 100,000 discharges in 2001 to
11,708 per 100,000 discharges in 2013 (2.99-fold). These
results were reproduced by Schairer et al. [12] using mul-
ticenter data from patients with clavicle fractures in the
US states of California and Florida, which showed an
increase in the operative fixation rate from 3.7% to 11.1%
between 2005 and 2010.

Sepehri et al. [7] found a significant change in sur-
geon practice in Canada. More clavicle fractures were
treated operatively from 2007 onward: 6.9% compared
with 2.2% prior to 2007. They hypothesize that this
may have happened following the publication of a ran-
domized clinical trial that demonstrated better func-
tional outcomes and a lower proportion of malunion
or nonunion following operative, compared with non-
operative treatment for midshaft clavicle fractures [4].
Schneider et al. [13] compared the pre- and post-pub-
lication proportions of displaced midshaft clavicle frac-
tures in patients aged 16 to 60 years that were treated
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Table 1 Overall rate of clavicle surgery, fracture rate
and acromioclavicular dislocation

Total surgery IRR Std.Err  p-value  1C95%
Reference 2005

2006 1.22 0.09 0.007 1.06 142
2007 1.99 0.14 <0.001 1.74 2.27
2008 3.01 0.19 <0.001 2.65 341
2009 348 022 <0.001 3.08 3.93
2010 330 0.21 <0.001 292 374
2011 3.70 0.23 <0.001 3.27 4.18
2012 4.50 027 <0.001 399 5.07
2013 5.16 0.31 <0.001 4.59 5.81
2014 539 032 <0.001 4.79 6.06
2015 541 032 <0.001 4.81 6.09
2016 6.22 037 <0.001 553 6.98
2017 6.89 041 <0.001 6.14 774
2018 6.85 0.40 <0.001 6.11 7.69
2019 6.73 040 <0.001 5.99 7.55
Fracture IRR Std. Err p-value 1IC95%
Reference 2005

2006 146 0.16 0.001 1.18 1.81
2007 241 0.24 <0.001 1.98 293
2008 4.09 0.38 <0.001 340 491
2009 4.58 042 <0.001 3.82 549
2010 4.79 0.44 <0.001 4.00 5.74
201 549 0.50 <0.001 460 6.57
2012 6.31 0.57 <0.001 529 7.53
2013 7.55 0.67 <0.001 6.34 9.00
2014 792 0.70 <0.001 6.66 943
2015 811 0.72 <0.001 6.82 9.65
2016 9.50 0.84 <0.001 7.99 11.29
2017 10.14 0.89 <0.001 853 12.04
2018 1033 091 <0.001 8.70 12.27
2019 10.16 0.89 <0.001 8.56 12.07
Acromioclavicu- IRR Std.Err  p-value  1C95%

lar dislocation

Reference 2005

2006 1.04 0.11 0.697 085 1.27
2007 1.67 0.16 <0.001 1.39 2.00
2008 217 0.19 <0.001 1.83 2.59
2009 263 0.23 <0.001 222 312
2010 2.16 0.19 <0.001 1.82 2.57
2011 2.32 0.20 <0.001 195 2.75
2012 3.10 0.26 <0.001 2.63 3.66
2013 332 0.28 <0.001 2.82 391
2014 344 0.28 <0.001 292 4.04
2015 3.34 0.28 <0.001 2.84 3.92
2016 3.69 0.30 <0.001 3.14 434
2017 4.40 0.35 <0.001 3.75 515
2018 418 034 <0.001 357 4.90
2019 4.08 0.33 <0.001 348 4.78
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with surgery in two North American Level 1 trauma
centers and found an increase on surgical rates from
3.7% to 34.1% of all clavicular fractures. The disparities
in fixation magnitude compared with our findings can
be explained by differences in the patient populations,
as Schneider et al. only included younger patients with
displaced midshaft fractures and such patients are more
likely to have multiple orthopedic injuries, which are a
relative indication for operative clavicle fixation. In our
results, we observed a difference in the increase of the
rate of surgeries over time that might also be influenced
by the effect of scientific publications, especially those
with a high level of evidence. There might be other fac-
tors influencing the observed increase in surgical rates,
such as improved private insurances, greater availabil-
ity of osteosynthesis devices, better-trained surgeons,
and easier transmission of surgical knowledge over
time. Moreover, there is a lack of consensus on the sur-
gical management of acromioclavicular dislocation at
both the national and international levels [14—16] and
this may explain the milder increase observed in surgi-
cal rates for this group of patients.

Clavicle surgery rates present statistically significant
differences according to the variables analyzed. In Chile,
there is a higher surgical rate observed in men through-
out the observation period, as well as in other countries.
The male to female ratio is 1.05:1 in the US [6] 1,78:1 in
Finland [9]; 4.55:1 in Australia [10] and 4.5:1 in Belgium
[17]. Also, there are similarities in the age range, with the
highest rate of clavicle surgery in ages between 20 and
35 years. Herteleer et al. [17] reported that the mean age
of surgically treated men was 30 years old and the mean
age of surgically treated women was 43 years during
the period between 2006 and 2015. They found that the
age-adjusted rate of surgical treatment had the inverse
shape of the age-adjusted fracture incidence graph; the
overall increasing rate in surgical treatment was mainly
accounted for by an increasing rate of surgically treated
patients who were between 20 and 70 years old. Camp-
bell et al. [10] reported that the age group between 15
and 24 underwent the greatest number of clavicle fixa-
tions and an increased annual rate of operative interven-
tion for all age groups. Nonetheless, the greatest rate of
annual increase was noted in the group aged over 65,
whilst the lowest change was noted in the 25-34 age
group. Interestingly, Congiusta et al. [6] reported that
the highest incidence rates were observed in the oldest
age groups. Our results show that the greatest increase
in the surgery rate occurred among individuals aged 25
to 34. When analyzed by diagnosis, the 15—24 age group
showed a higher increase in surgeries for clavicle frac-
tures, while the 25—34 age group had a greater increase in
surgeries for acromioclavicular dislocations.
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Fig. 3 Surgery rate by 100,000 inhabitants of clavicle fracture and dislocation between 2005 and 2019 by age groups

Regarding the incidence of clavicular surgery and its
relationship with socioeconomic factors, such as associ-
ated health insurance, the literature is scarce. Congiusta
et al. [6] reported that patients with no insurance were
the least likely to undergo surgery (OR 0.63), followed by
patients with Medicaid (OR 0.73) and patients with Medi-
care (OR 0.74). Also, patients with Medicare or Medicaid
had a lower likelihood of undergoing surgery than did
patients with private insurance but were not statistically

difference. In our study, patients with public insurance
had a lower likelihood of undergoing surgery than those
with a private one. The rate in the private system triples
the rate in the public health system for clavicle surgery.
This difference is possibly related to the private patient’s
ability to access to surgery compared with the public
health insurance patients. The chilean healthcare sys-
tem is significantly affected by economical segmentation
with the minority of the population covered by private
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Table 2 Surgery rate between 2005 and 2019 according to age

group

Total surgery IRR Std. Err p-value 1C 95%

15-24 (reference)

25-34 1.06 0.20 0.754 0.74 152
35-44 0.92 017 0.670 0.64 133
45-54 0.76 0.14 0.142 0.53 1.10
55-64 0.55 0.10 0.001 0.38 0.79
65-74 032 0.06 <0.001 0.22 047
>75 0.15 0.03 <0.001 0.10 0.22
Fracture IRR Std. Err p-value 1C 95%

15-24 (reference)

25-34 0.88 0.19 0.543 0.58 133
35-44 0.72 0.15 0117 048 1.09
45-54 0.57 0.12 0.009 0.38 0.87
55-64 045 0.09 <0.001 0.30 0.68
65-74 0.28 0.06 <0.001 0.19 043
>75 0.14 0.03 <0.001 0.09 0.22
Dislocation IRR Std. Err p-value 1C95%

15-24 (reference)

25-34 1.63 0.26 0.002 1.19 222
35-44 157 0.25 0.004 1.15 214
45-54 135 0.21 0.058 0.99 1.84
55-64 0.88 0.14 0.445 0.65 1.21
065-74 045 0.08 <0.001 033 0.63
>75 0.18 0.04 <0.001 0.12 0.27

health insurance [18]. The difference in surgical rates
might also be explained by an over indication of surgery
in the private system. Furthermore, patients with private
insurances are more likely to have better health literacy
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in contrast to persons not having a private health insur-
ance [19]. The lower rates of clavicle surgery in the public
sector could be explained by its shortage in coverage in
terms of number of health care professionals per patient
and concordantly the long waiting lists associated to this
fact. Moreover, seek care in the private system with-
out a proper coverage comes with a high out of pocket
cost which limits public to private transfer of patients in
Chile. Sepehri et al. [7] reported that the “moderate-high”
quintiles [3-5] in relation to income level, had 1.18 times
more chance of having surgical management than the
lowest quintiles [1, 2].

As previously mentioned, surgical rate increases were
greater in the male gender, the age group between 20
and 35 years, and patients with a private health insur-
ance. However, these are associations and not necessar-
ily causal factors. There is likely a combination of factors
such as a more active population engaged in sports,
greater accessibility to advanced imaging studies, contin-
uous refinement of surgical techniques, advancements in
surgical implant technology, changes in the management
of chest trauma, an increase on the number of trained
surgeons, and a substantial increase in both the quality
and quantity of evidence supporting the benefits of sur-
gical treatments. All these factors might synergistically
explain the observed increase. Nevertheless, the lack of
standardized criteria at a national (and international)
level to indicate clavicle surgery, a lack of national clini-
cal guidelines and specialized programs for the resolu-
tion of this pathology may also contribute to favor the
surgical treatment of this pathology. The data extracted
from the databases primarily focuses on documenting
the execution of the surgical procedure, lacking in-depth

Public
—-+Private

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

Fig. 4 Surgery rate by 100,000 inhabitants comparing the public and the private insurance systems
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Table 3 Surgery rate between 2005 and 2019 according to
health insurance. The rate was calculated after the year 2008
because the data for the population affiliated with the public and
private health insurance before that year was not available online

Year Public insurance Private insurance Private rate /
rate x 100,000 rate x 100,000 Public rate
2008 57 13,7 24
2009 0,6 17,5 2,7
2010 6,6 153 23
2011 72 19,9 2,8
2012 83 238 29
2013 98 293 3,0
2014 10,0 314 3.2
2015 10,2 32,1 32
2016 12,2 32,2 2,6
2017 144 352 25
2018 13,9 37,8 2,7
2019 13,7 359 2,6

information regarding the pathology details such as loca-
tion, displacement, shortening, comminution, type of
surgical procedure, implant use, clinical results, and the
rationale behind the surgical indication.

One of the main strengths of this study is the use of a
large sample size based on a nationwide database of pub-
lic information that must be compulsorily recorded in all
surgeries of public and private institutions. Because the
information is collected from all regions of Chile, the
data are expected to be representative of the country. To
our knowledge, this is the first study in Chile that reports
clavicle surgeries rates and analyzes its associated factors
and differences with previously reported data from other
countries.

One of the main limitations is the retrospective
design, which can influence the recording and coding
of the information. By including three different codes,
it is expected to cover the greatest number of accurate
diagnoses. However, we recognize that subjects may be
excluded or incorrectly included and that we are unable
to evaluate such potential inaccuracies inherent to diag-
nosis coding. Nonetheless, we believe that our findings
reflect the trends in clavicle-related surgeries in Chile
and may provide valuable insights for analyzing similar
tends in our region.

Conclusions

There has been a significant increase in clavicle and
acromioclavicular dislocation surgeries in Chile, with
disparities influenced by age, gender, and type of health
insurance. Future studies may elucidate the associated
factors that explain these differences and their trend
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over time. Our findings are in concordance with broader
international trends which highlights the need for stand-
ardized clinical guidelines to more objectively evaluate
surgical trends and their real impact on health.
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