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Abstract

Background: The incidence rate of olecranon fractures is highest in the elderly population. The aim of this study was to
determine whether patients with olecranon fractures have similar demographic and risk characteristics compared to
patients with osteoporotic upper extremity fractures.

Methods: A retrospective data analysis was performed with diagnoses for olecranon fracture, distal radius fracture and
proximal humerus fracture between 2014 and 2016.

Results: A total of 157 olecranon, 1022 distal radius and 451 proximal humerus fractures were identified. The risk of
mortality after olecranon and distal radius fractures was comparable but statistically significantly higher after proximal
humerus fractures (HR 1.97, 95% CI 1.19-3.27). The risk of subsequent osteoporotic fractures after an olecranon frac-
ture was 10% at | year and 14% at 5 years and the risks did not differ statistically after a proximal humerus fracture, 6%
and 1% (HR 0.65, 95% CI 0.40—1.06). After a distal radius fracture, the risks were statistically significantly lower: 2% and
5% (HR 0.35, 95% Cl 0.22-0.56).

Discussion: Patients with olecranon fractures have essentially similar demographic characteristics compared to patients
with distal radius fractures, but the probability for a subsequent fracture is significantly higher and more comparable to
patients with proximal humerus fractures.
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Introduction risk of mortality being highest during the first year.® The
effect of upper extremity fractures on mortality is less
studied, but there is evidence that proximal humerus frac-
tures might be associated with increased mortality.”™®
Wrist fractures have not been associated with increased
mortality in earlier studies.’™ In a population-based

a subsequent hip fracture after an olecranon frzacture when study from Finland, proximal forearm fractures requiring
compared to a female background population.” A study of
over 2000 patients found that individuals with any NVF
had an 18% absolute risk for a subsequent NVF in the fol- 'Department of Orthopedics and Traumatology, Turku University
. . . . . s Hospital, Turku, Finland
10W1I;g 3 ye_ars’ with the risk being highest within the first 2University of Turku, Department of Clinical Medicine, Turku, Finland
year. Proximal humerus fractures are amongst the most 3Natural Resources, Natural Resources Institute Finland (Luke), Joensuu,
frequently studied fractures of upper extremity and known  Finland
to be an independent risk factor for a subsequent hip frac- )
¢ f in the first fter the h fract 4  Corresponding author:
ure 0? Wome.n In the first year after the humerus Iracture. Ida K Rantalaiho, Department of Orthopedics and Traumatology,
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lute risk for mortality in the subsequent 5 years, with the  Email: ida.rantalaiho@tyks.fi

Low bone mineral density and a tendency to fall due to
aging are the best predictive factors for non-vertebral frac-
tures (NVF).! The occurrence of one fracture predicts a
second fracture.! One report, found a 2.6 relative risk for
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inpatient care were associated with increased mortality rates
compared to standard population during 6 years follow-up.’
Despite of theories of olecranon fractures having osteopor-
otic features, there are only few studies assessing demo-
graphics, mortality and risk of subsequent fracture
associated with these fractures.

The aim of this study was to assess the demographic fea-
tures of patients with olecranon fractures, their mortality,
and risk for subsequent fractures compared to other
common upper extremity fractures. We hypothesized that
patients with olecranon fractures are similar to those with
other upper extremity fractures.

Material and methods

The study protocol was approved, and permission granted by
The Hospital District of South-West Finland in 2020 (TO1/
019/20). The public health service emergency in the city of
Turku is centralized at Turku University Hospital taking
care of, for example, all fractures since autumn 2013.
Patients aged 18 or older, living in the city of Turku, and
being treated for an upper limb fracture were identified retro-
spectively from the electronic patient record system of Turku
University Hospital between a 3-year period from 2014 to
2016 in order to allow a minimum five years follow up on
all patients. Patients living outside Turku city area were
excluded to ensure good coverage of data.

The specific fractures, proximal ulnar fracture, distal
radius fracture and proximal humerus fracture, were identi-
fied using diagnosis coding (S52.0, S52.5 or S$52.60, S42.2,
respectively) according to International Statistical
Classification of Diseases and Related Health Problems
10th Revision (ICD-10-CM). After the recognition of the
initial fracture the patients were followed through medical
charts until February 2022 and data on possible subsequent
olecranon, distal radius, proximal humerus or hip fractures
(§72.0, S72.1 or S72.2), or time of death was retrieved.
Mortality is routinely recorded in the databases from
patient records or a civil register. In addition, demographic
data, such as sex and age, and possible surgeries and their
dates related to the identified fractures were retrieved.
NOMESCO Classification of Surgical Procedures
Version 1.14 from the Nordic Medico-Statistical
Committee was applied with operation codes NCJ62
and NCJ64 for olecranon, NCJ62, NCJ64, NCJ70, and
NCJ99 for distal radius, and NBLOO, NBJ62, NBJ64,
NBJ60, NBJ70, NBJ91, NBB10, NBB15, NBB20 for
proximal humerus fractures.

Statistical analysis

The survival function of patients was estimated for each
index fracture separately using a Kaplan-Meier (KM) esti-
mator with censoring done at the beginning of February
2022, when the data was updated for the last time.'® The

effect of age, sex and treatment method, that is, whether
the fracture was operated on or not, was investigated using
Cox proportional hazard model.'! In further exploratory ana-
lyses, the association between subsequent fractures and mor-
tality was also explored. The risk of additional fractures
simultaneously or in the 5 years following the index fracture
was estimated with a KM estimator, with death being treated
as a censoring event. Finally, the risk of mortality and subse-
quent fractures were considered in parallel with competing
risk analysis.'? The difference in mortality and the likelihood
of subsequent fractures between the index fractures was
investigated with a competing risk regression model with
mortality and an additional fracture as endpoints with age
and sex controlled for. While this model makes it possible
to compare outcomes between index fractures in the popula-
tion as a whole, the underlying assumption of the model is
that the effects of age and sex are similar for all fractures.
The statistical analyses were carried out using the statistical
software R."> The KM-estimators and Cox proportional
hazard models were fitted using the R package survival
and the package cmprsk. 14

Results

During the 3-year period from January 2014 to December
2016, 157 olecranon fractures, 1022 distal radius fractures
and 451 proximal humerus fractures were identified. Of
patients with olecranon fracture 62% were women,
whereas corresponding numbers for distal radius fractures
and proximal humerus fractures were 75% and 70%.
Fifty-seven percent of the olecranon fractures were opera-
tively treated, whereas only 15% of the proximal humerus
fractures were operated (Table 1).

The median age at the time of the fracture was 65 years
for patients with an olecranon and a distal radius fracture
(IQR 37 and 26, respectively) and 68 (IQR 23) years for
patients with a proximal humerus fracture. The distribution
of number of fractures in different age groups is presented
in Figure 1.

Mortality at 1 and 5 years for patients with an olecranon
fracture was 4% and 13% (Figure 2,Table 2). There was no
statistically significant difference in mortality between men
and women when age was taken into consideration for patients
with an olecranon fracture (HR 1.2, 95% CI 0.5-2.9)
(Figure 3) based on the competing risk regression. For
patients with a distal radius fracture mortality at 1 and 5
years was similar as in the olecranon fracture population,
3% and 13% (HR 1.3, 95% CI 0.79-2.15) but for patients
with a proximal humerus fracture mortality was statistically
significantly higher at both time points, 8% and 22% (HR
1.97, 95% CI 1.19-3.27) (Figure 2,Table 2). Unlike for
patients with an olecranon fracture, male sex was associated
with increased risk of mortality for patients with a distal
radius or a proximal humerus fracture (HR 2.4, 95% CI
1.7-3.3; HR 2.4, 95% CI 1.7-3.5) (Figure 3).
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Table |. Demographics of the included patients.

Age (median (IQR))

Fracture Female (%) M Operated (N (%))
Olecranon 157 62.4 51 (32) 70 (32) 65 (37) 90 (57.3)
Distal radius 1022 75.3 54 (35) 68 (24) 65 (26) 253 (24.8)
Proximal 451 70.3 61 (25) 70 (20) 68 (23) 67 (14.9)
humerus
n: number of; IQR: interquartile range; M: male; F: female.
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Figure I. Age distribution for olecranon, distal radius, and proximal humeral fractures.
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Figure 2. Kaplan-Meier analysis for mortality after olecranon, distal radius and proximal humerus fractures.

Risk for a subsequent olecranon, distal radius, proximal
humerus or hip fracture was 10% within 1 year and 14%
within 5 years of follow up for patients with an olecranon
fracture (Table 3). The risk of a subsequent fracture after a
distal radius fracture was lower, 2% at 1 year and 5%
within 5 years (HR 0.35, 95% CI10.22-0.56), but for patients
with a proximal humerus fracture the risks, 6% and 11%,

did not differ statistically significantly from the risk after
an olecranon fracture (HR 0.65, 95% CI 0.40-1.06).

Discussion

In this study, we aimed to assess whether patients with olec-
ranon fractures had comparable demographics, mortality,
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Table 2. Risk of mortality after olecranon, distal radius and proximal humerus fractures in the competing risk analysis.

Risk of mortality (% (95%Cl))

| year

Fracture M
Olecranon 1.7 (0.0-5.0) 5.1 (0.7-9.5) 3.8 (0.8-6.8) 6.8 (0.3-13.3) 16.3 (9.0-23.7) 12.7 (7.5-18.0)
Distal radius 4.3 (1.8-6.9) 3.0 (1.84.2) 3.3 (2244 12.7 (8.6-16.8) 13.6 (11.2-16.1) 134 (11.3-15.5)
Proximal humerus 9.0 (4.1-13.8) 79 (49-10.9) 82 (5.6-10.7) 26.1 (18.6-33.6) 208 (16.3-25.3) 22.3 (18.5-26.2)
Cl: confidence interval; y: year; M: male; F: female.
Olecranon Distal radius Proximal humerus
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Figure 3. Sex-wise Kaplan-Meier analysis for mortality after olecranon, distal radius and proximal humerus fractures.

Table 3. Risk of subsequent osteoporotic fractures (olecranon, distal radius, proximal humerus, hip) after an olecranon, distal radius,

and proximal humerus fractures in the competing risk analysis.

Risk of a subsequent fracture (% (95%Cl))

| year

Fracture M

Olecranon 6.8 (0.3-13.3) 122 (5.7-188) 10.2 (54-149) 85 (1.3-15.6) 17.3(9.8-249) 14.0 (8.6-19.5)
Distal radius 3.6 (1.3-5.9) 1.9 (0.9-2.9) 2.3 (1.4-3.3) 4.0 (1.6-6.4) 5.6 (4.0-7.2) 5.2 (3.8-6.5)
Proximal humerus 6.0 (1.9—10.0) 6.0 (3.4-8.6) 6.0 (3.8-8.2) 9.0 (4.1-13.8) 11.7 (8.1-152) 10.9 (8.0-13.7)

Cl: confidence interval; y: year; M: male; F:female.

and risk for subsequent fractures compared to other
common osteoporotic fractures in the upper extremity.
The median age was similar to that of patients with a
distal radius or a proximal humerus fracture. However,
sex distribution was less female dominant and median age
for male patients was lower than for patients with other
upper extremity fractures. Risk of mortality was at the

same level for patients with an olecranon or a distal
radius fracture, but patients with a proximal humerus frac-
ture had higher mortality rates. Patients with an olecranon
fracture more often had subsequent fractures compared
with patients with other upper extremity fractures.

In previous literature, the incidence of olecranon fractures
starts to increase in both men and women at over 60 years of
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age and peaks at over 80 years.'>™"” In our study, the median
age of patients with olecranon fractures was 65 years, as was
the median age of patients with distal radius fractures.
However, the median age of men with olecranon fractures
was significantly lower (51 years) than the median age of
women with olecranon fractures (70 years). This is also
seen in literature, where men with olecranon fractures are
generally significantly younger than women.'®™'® The age
distribution was likewise uneven in all the analysed fracture
groups, as could be expected based on previous studies,
where women with upper extremity fractures were found
to be generally older than men (62 years vs 46 years).” In
addition, a female predominance in patient population suffer-
ing a wrist fracture has been shown previously. In one study
88% of patients with wrist factures were women® and in
another study, the incidence for wrist fractures was approxi-
mately four times greater in women compared to men.’ In
our data female predominance was seen in all analysed frac-
ture groups.

Patients’ mortality after an olecranon fracture (1 year
4%, S years 13%) was comparable to that of patients with
a distal radius fracture (1 year 3%, 5 years 13%; HR 1.3,
95% CI 0.79-2.15) in our material and mortality after a
proximal humerus fracture was significantly higher (1
year 8%, 5 years 22%; HR 1.97, 95% CI 1.19-3.27).
Interestingly, the reported 1 year mortality of Turku popu-
lation aged between 50 and 74 years is below 1%.'"*°
However, the generalizability of our results concerning
the comparison of mortality after olecranon and distal
radius fractures is questionable since the confidence interval
includes 1.0. To our knowledge there is only one previous
study assessing mortality solely after upper extremity frac-
tures, in which patients with a distal radius fracture had
lower mortality rates than patients with other upper extrem-
ity fractures, standardized mortality ratio (SMR) being 0.96.
While assessing mortality of patients with proximal
humerus fractures, it was considerably higher (SMR 2.0)
compared to all the other fracture types. However, this
study included only patients requiring inpatient care
which probably has biased the studied population.” In
another study from Finland, where 1196 individuals aged
65 years were followed up for 12 years, proximal
humerus fractures were related to excess mortality in men
(HR 5.4), but not in women.® A recent study analysing
results of treatment of olecranon fractures in the elderly
found 0.84 patient survival after olecranon fractures in a 1
year follow up.”' One study assessed mortality after hip,
proximal humerus and wrist fractures, and found that the
mortality was the lowest in patients with wrist fractures
(1 year HR 1.2, 5 years HR 1.0) and intermediate high in
patients with proximal humerus fractures (1 year HR 3.4,
5 years HR 1.9).> Most likely these fractures do not have
an effect on mortality as independent factors but having a
certain upper extremity fracture might be associated with
the overall health condition or fragility of a patient. We

argue that if a patient is able to receive a fall on an extended
upper extremity or with an elbow rather than just fall on
their side and shoulder, their muscle strength, reflexes and
overall health might be better. Overall health, on the other
hand, naturally has an effect on survival.

In literature, it is shown that male sex is an independent
risk factor for excess mortality concerning multiple frac-
tures. Men had a HR of 2.0 for mortality compared to
women after an upper extremity fracture requiring hospital-
ization’ and HR of 2.2 for mortality after any fracture in a
population-based longitudinal study of elderly individuals.®
In the multivariate analysis, we found male sex to be an
independent risk factor for mortality in distal radius and
proximal humerus fracture groups.

The probability for a subsequent fracture after any frac-
ture is known to be considerable regardless of fracture type
or age. In a population-based study, the incidence of a sub-
sequent fracture within 10 years after any fracture was 9—
34% for men and 12-40% for women.** A large cohort of
elderly women with proximal humerus fractures was fol-
lowed for 9.8 years and analysed for subsequent hip frac-
tures. The first year HR for subsequent hip fracture was as
high as 5.68, but the risk attenuated after the first year.* To
our knowledge, previously only one study has analysed
the risk for a subsequent fractures after an olecranon frac-
ture and they found a 4.1 risk ratio for a subsequent hip
fracture after an olecranon fracture.”> We found a 10%
probability of getting a subsequent fracture (distal
radius, proximal humerus or hip) within the first year
after an olecranon fracture and within 5 years the risk
was 14%. The probabilities for a subsequent olecranon,
distal radius or hip fracture after a proximal humerus frac-
ture did not differ statistically from probabilities after an
olecranon fracture (6% and 11%; HR 0.65, 95% CI
0.40-1.06), but after a distal radius fracture the risks for
a subsequent olecranon, proximal humerus or hip fracture
were statistically lower (2% and 5%; HR 0.35, 95% CI
0.22-0.56) than after an olecranon fracture. Concerning
the comparison of the risk of subsequent fractures after
an olecranon fracture and proximal humerus fracture, the
confidence interval includes 1.0 which makes the general-
izability of these results questionable. However, we con-
sider these numbers comparable with the previous
studies.>*

Olecranon fractures are said to have osteoporotic fea-
tures, such as low-bone mineral density association and a
low-energy trauma as a predominant mechanism of
injury.* Proximal ulnar fractures have also been called fra-
gility fractures for their predominant occurrence in elderly
patients.'® The majority of the elderly patients suffering
an olecranon fracture are women and in turn younger
patients are men.'”~'”** Our findings strengthen this per-
ception. As osteoporosis is more common in women than
in men, olecranon fractures in elderly women indeed
might have common features with other osteoporotic
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fractures of the upper extremity. Although we found that
patients with olecranon fractures have osteoporotic fea-
tures, the population of younger men with olecranon frac-
tures still exists, and the fracture cannot be claimed to be
solely osteoporotic. Consequently, when countering
elderly women suffering an olecranon fracture, the preven-
tion of future falls and prevention or treatment of possible
osteoporosis should be kept in mind. Although, we would
not yet recommend bone mineral density measurements
or orthogeriatric evaluations routinely, as these are resource
consuming means, instead, individual evaluation of the
risks would be recommendable.

We acknowledge that our study has several limitations.
Firstly, this was a retrospective diagnosis coding analysis
with a limited number of variables. Secondly, all the data
were gathered retrospectively from an electronic database
and some information might be erroneously coded or
missing as some fractures might have been miscoded.
However, as these fractures are quite clearly defined, we
do not think that this should have caused significant bias to
our results. Thirdly, the coding did not include sidedness,
and we therefore could not analyse whether there was a sub-
sequent fracture to the same location or a same fracture on
contralateral side. Fourthly, we could not count reliable
enough incidence numbers, since it is possible that some
patients had their fractures treated at the private sector
clinics. However, in Finland the vast majority of trauma is
treated in public sector, and we do not think that this has
biased our data. On the other hand, the strength of our
study is high number of systematically collected public
sector consecutive patients in each fracture group. We also
limited the search for inhabitants of city of Turku, Finland,
to ensure as good coverage and follow-up as possible.

We conclude that patients with olecranon fractures have
essentially similar demographic characteristics when com-
pared to patients with distal radius fractures. Olecranon and
distal radius fractures are associated with increased mortality
and after a proximal humerus fracture the mortality is even
higher. The risk of a subsequent osteoporotic fracture after
an olecranon fracture was surprisingly high and statistically
comparable to the risk after a proximal humerus fracture.
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