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Background and purpose — Proximal humeral fractures
(PHF) can be managed surgically or non-surgically. Lock-
ing plates have been the preferred head-preserving surgical
technique while hemiarthroplasty (HA) or reverse shoulder
arthroplasty (RSA) have been used in joint replacement sur-
gery. We describe the epidemiology and trends in manage-
ment of acute PHF in Denmark with a focus on (i) changes in
the incidence of PHF; (ii) changes in the proportion of surgi-
cal cases; and (iii) changes in preferred surgical techniques.

Patients and methods — Data on diagnoses and inter-
ventions was retrieved from the Danish National Patient Reg-
ister. Patients aged 18 years and above were included. Surgical
treatment was defined as the diagnosis of PHF combined with
a predefined surgical procedure code within 3 weeks of injury.
Data on plate osteosynthesis, HA, RSA, and “other tech-
niques” was retrieved. Non-surgical treatment was defined as
no relevant surgical procedure code within 3 weeks.

Results — We identified 137,436 PHF (72% women) in
the Danish National Patient Register. The overall mean inci-
dence was 138/100,000/year (500 for women 60 years or
above). Non-surgical treatment accounted for 119,966 (87%).
The 17,470 surgical procedures included 42% locking plates,
34% arthroplasties, and 25% other techniques. The rate of
surgery declined from 17% in 2013 to 11% in 2018.

Interpretation — The overall incidence of PHF remained
stable between 1996 and 2018 but the absolute number
increased. The approach to PHF remains predominantly
non-surgical. The number of surgeries in Denmark have
decreased since 2013, especially for locking plates and HA,
while RSA is increasingly used.

Proximal humeral fractures (PHF) are the third most common
non-vertebral osteoporosis-related fractures (1). The fracture
is closely related to age and sex with a lifetime risk of suffer-
ing a PHF in women aged 50 or above being 13% (2). PHF
can be managed surgically or non-surgically. Modern surgical
treatment includes head-preserving techniques with locking
plates or locking intramedullary nails, while joint replace-
ment with hemiarthroplasty (HA) or reverse shoulder arthro-
plasty (RSA) is used when head-preserving techniques are
not amenable (3).

A growing number of high-quality randomized clinical trials
(4-11) and meta-analyses (12) have been unable to demon-
strate superiority of any surgical treatment modality compared
with non-surgical management, thus challenging the operative
approach to these fractures. In Denmark, an evidence-based
national guideline recommending non-surgical management of
displaced 2-, 3-, and 4-part fractures in the elderly was first pub-
lished in 2015 (13). The impact of high-quality evidence and
guidelines on clinical practice has only sporadically been stud-
ied (14) and national data on epidemiology and trends of man-
agement of PHF is sparse except for head replacements (15).

We describe the epidemiology and trends in management of
acute PHF in adults in Denmark with a focus on (i) changes in
the incidence of PHF; (ii) changes in the proportion of surgical
cases; and (iii) changes in preferred surgical techniques.

Patients and methods

Study design

This is a population-based register study on PHF in adults
from 1996 to 2018 reported to the Danish National Patient
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Registry (DNPR). Study reporting is performed according to
the STROBE guidelines.

Setting

Approximately 5.9 million inhabitants live in Denmark and,
at birth, every Danish citizen is issued a personal, 10-digit
identification number. This allows for unambiguous linkage
between all Danish medical databases, which ensures that
every patient can be traced until death or immigration. The
Danish National Health Service provides healthcare for all
Danish citizens, guaranteeing free emergency, general hospital
care, and outpatient visits (16), which is why the vast majority
of patients suffering from a PHF are diagnosed and treated at
a public hospital. We cannot rule out that some patients were
treated at private facilities, but all fractures diagnosed after
radiographic assessment, private or public, are coded for reim-
bursement and will appear in the DNPR.

Data sources

Patient data was obtained from the DNPR, which is a nation-
wide administrative database used for reimbursement of
healthcare events. It contains individual longitudinal data on
all patients discharged from a Danish non-psychiatric hospital
both private and public since 1977. As departments are reim-
bursed for procedures reported to the DNPR the completeness
of data is high. The diagnosis and surgical procedure codes
for PHF have not been validated but the validity of orthope-
dic procedures and diagnosis in general have been shown to
be high (17). Data is linked to the patient by a unique social
security number given at birth or immigration. The DNPR
holds data on all hospital admissions since 1977 and on all
outpatient and emergency visits since 1995, including dates of
admission and discharge and up to 20 diagnoses at discharge
recorded according to the ICD (8th Revision until the end of
1993 and 10th Revision thereafter). In addition, the DNPR
holds data on all surgical procedure dates and codes accord-
ing to the Nordic Medico-Statistical Committee classification
(18). Population data for incidence calculation was provided
by the national registry Statistics Denmark (19).

The authors had complete access to data from the DNRP.
This study draws on individual-level record linkage of data
from nationwide medical registries using the unique civil reg-
istration number assigned to all citizens, which permits unam-
biguous record linkage between registries (17).

Participants

We included all patients with a PHF (ICD-10 DS42.2) aged
18 or above. We regard the natural history of pediatric frac-
tures to be unique and decided to include only adult cases. The
age groups 18-59 and 60 and above were analyzed separately,
assuming that the elderly group mainly represented osteopo-
rosis-related fractures, especially in women. The threshold for
“acute” surgery was set at 3 weeks post-injury. Unlike some
arthroplasty databases (15) we considered procedures per-
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Figure 1. Number of proximal humeral frac-
tures.

formed in the 3rd week (e.g., reverse shoulder arthroplasty)
as acute procedures. Consequently, fractures initially treated
non-surgically but converted to surgery within the first 3
weeks will be analyzed as “acute” procedures. To reduce pos-
sible diagnostic coding errors due to readmissions and other
unplanned visits within the first 90 days, a 90-day diagnosis
“quarantine” period for DS42.2 was added. As most coding
errors are likely to occur within the first 90 days after diag-
nosis we believe that we are close to the “true rate” or at least
that the bias is comparable between the groups.

Variables

Surgical procedures were defined as a relevant surgical proce-
dure code (NOMESCO codes, Table 1, see Supplementary data)
within 3 weeks of injury (except closed reduction, KNBJO*).
The surgical procedure codes were further analyzed in 4 major
surgical treatment modalities: plate osteosynthesis (KNBJ61),
hemiarthroplasty (KNBBO* or KNBB1¥), reverse arthroplasty
(KNBB20, 30, 40, or 59), and “other techniques” covering
K-wires, intramedullary nails, screws alone, cerclage, and com-
bined techniques (KNBL*, KNBG*, and all KNBJ* procedures
except KNBJ61 [plate] and KNBJO* [closed reduction]). Nonop-
erative treatment was defined as no relevant surgical procedure
code within 3 weeks.

Statistics

Descriptive statistics was used for reporting of age, sex,
number of PHF, and treatment modalities. Incidences were
reported as events/100,000/year based on the relevant yearly
population data from Statistics Denmark.

Ethics, funding, and potential conflicts of interest

Data was provided by the DNPR based on diagnosis and
procedure codes and was anonymized to the identity of the
individual patients. Ethical approval was obtained (Region of
Southern Denmark, jr.nr. 20/187). No funding was obtained.
The authors have no conflicts of interest to declare.
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Figure 2. Incidence of proximal humeral frac-

tures per 100,000/year. humeral fractures.

Results

Between 1996 and 2018, 137,436 PHF were registered (Figure
1). Women accounted for 72% (Table 2, see Supplementary
data). The incidence remained stable over the period (Figure
2) with an overall incidence of 138/100,000/year. An inci-
dence of 500/100,000/year was found in women aged 60 years
or above. The total annual numbers of PHF increased during
the period following the general growth of the population.

17,470 cases (13%) were treated surgically with a peak of
17% in 2013, gradually declining to 11% in 2018 (Figure 3).
For all patients aged 60 or above the percentage of surgically
treatment declined from 17% in 2013 to 10% in 2018.

Among the surgically treated cases, 7,331 (42%) received
a locking plate osteosynthesis, and 5,850 (34%) received an
arthroplasty (HA or RSA), while 4,289 (25%) were treated
with other surgical techniques (Figure 4 and Table 3, see Sup-
plementary data). In the population aged 60 or above the rate
of locking plates remained stable from 2013 to 2018 (51% of
all cases) while the rate of HA in this group decreased from
38% to 24% and RSA increased from 1% to 13%.

Discussion
Incidence rates

The overall incidence remained stable at around 138/100,000/
year between 1996 and 2018, with the highest incidence in
women aged 60 or above (500/100,000 per year). A Finnish
study based on 79,676 PHF from national registries reported
an overall incidence of 105/100,000 per year in a population
aged 16 or above between 1997 and 2019. The incidence in the
group above 80 years was 405/100,000 per year (both sexes).
They further reported an increasing incidence over the period
(20). This trend was not found in the Danish data, where inci-
dences remained stable among both men and women during
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Figure 4. Yearly distribution of surgically
treated proximal humeral fractures.

the period. However, a slight decrease was seen in women
aged 60 and above. Decreasing incidence rates in Denmark
have recently been reported in a registry-based epidemiologi-
cal study of hip fractures in a population aged 60 and above
between 1997 and 2017 (21).

A national study from Scotland collected data on 4,786 frac-
ture patients within a 2-year period and calculated incidences
(22). Females aged 65 and above had an incidence of PHF of
392/100,000/year while the incidence in females aged 80 and
above was 520/100,000/year.

Trends in surgical management

In the Danish population, 87% of all PHF were managed
non-surgically. The highest proportion of surgery was found
between 2008 and 2013 (16-17%) with a gradual decline to
11% in 2018 (Figure 3).

About half of all PHF were found to be minimally displaced
in a large epidemiological study from Edinburgh (23), leav-
ing the rest for surgical consideration. Assuming this distri-
bution applies to a Danish population, about one-third of all
displaced PHF were treated surgically between 2008 and 2013
in Denmark.

Substantial national differences in the use of surgical man-
agement of PHF can be found, even in countries geographically
and culturally close to Denmark. In Germany, between 2007
and 2016 a 39% increase in surgery for PHF was reported.
Among the surgeries 72% were osteosyntheses and 69% of the
surgeries were performed in geriatric patients. 35,000 surger-
ies for PHF were performed in Germany in 2016, with locking
plates being the most popular implant (24). The high, and even
increasing, number of surgeries is remarkable, as several high-
quality randomized trials have been published within the same
period, all failing to demonstrate superiority of locking plate
osteosynthesis for PHF in the elderly.

From a historical perspective, at the turn of millennium
locking plates were developed and manufactured followed by
an increase in surgical activity in the following decade. This
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has been reported in Sweden (25) and Finland (26). Non-lock-
ing plates may appear in our material, especially in the first
4-5 years of the study period. Similar, mini-plates and low-
profile locking plates are not accounted for separately. The use
of locking plates in PHF has still to be supported by strong
evidence (27).

In Denmark, the number and proportion of HA decreased
from 2013 while RSA increased (Figure 4). The trend of
decreasing use of HA is a general trend in the Nordic countries
and has been reported in a common dataset from the Nordic
shoulder arthroplasty registries covering 6,756 humeral head
replacements after PHF between 2004 and 2013 (28). The
number of RSA is rapidly increasing, which has been reported
for the Nordic countries between 2004 and 2016 (29). In the
Danish Shoulder Arthroplasty Registry dismal reports of
patient-reported outcome after HA can be found (15). There is
hope for improved outcome after RSA but the amount of both
registry-based data and randomized trials is still limited.

No safe causal relations can be derived from cross-sectional
data. However, a remarkable, albeit small, decrease in surgical
activity is noted after the first clinical guideline was published
in 2015 by the Danish Orthopaedic Association (13). The
guideline recommends a non-surgical approach to 2-, 3-, and
4-part fractures in patients aged 60 and above. It was partly
based on the Profher trial (8) and the Cochrane review (12)
published in the same year.

In Sweden, between 2001 and 2012 the proportion of sur-
gically treated patients with PHF increased from 12% to
17% in women and from 15% to 17% in men (25). In South
Korea, between 2008 and 2016, the overall operative rate for
PHF increased from 25% to 37%. In the same period, osteo-
synthesis increased from 72% to 86% of all surgeries (30).
In Finland, a substantial increase in the incidence of surgery
and especially in osteosynthesis has previously been reported.
Between 1987 and 2009 the incidence of surgery raised from
5.1/100,000/year in 1987 to 19.6/100,000/year in 2016. The
use of osteosynthesis became increasingly popular from 2002
with the incidence rising from 4.2/100,000/year in 1987 to
14.5/100,000/year in 2009 (26). However, in 2019 the over-
all incidence of surgical treatment in Finland decreased to
13/100,000/year with a substantial decrease in plate osteo-
synthesis (20). In the United States, between 1999-2000 and
2004-2005 a relative increase of 26% in surgery for PHF has
been reported (31). The percentage of PHF treated surgically
increased from 35% in 2004 to 41% in 2012 (32). In New
York State, between 1990 and 2010 a rise in surgery in elderly
patients from 20% to 29% was reported (33).

Other trends can be found. In Australia, from 2008 to 2017
operative management of PHF decreased from 33% to 23%.
The relative use of osteosynthesis decreased from 77% to
73% ,and HA decreased from 19% to 3%, while RSA increased
from 4% to 25% (34).

A Swedish single-center study of 4,070 PHF reported an
average proportion of surgically treated fractures (2011-2017)

of 23%. Among the operated cases, the proportion of locking
plates decreased from 47% to 25% while the proportion of
RSA increased from 2% to 19% (35).

What is the optimal surgery rate?

This question can only be addressed in an evidence-based fash-
ion by considering clinical outcome data. Although substantial
uncertainty of estimates remains, we have high-quality data from
randomized trials unambiguously suggesting non-superiority of
surgery in 2-, 3-, and 4-part fractures in the elderly (4-11).

According to the epidemiological study by Court-Brown et
al. (23), about half of all PHF are minimally displaced and
therefore not considered for surgery. Displaced 2-part surgi-
cal neck fractures (mean age 70 years) account for 28% of all
PHF, 3-part greater tuberosity fractures account for 9% (mean
age 73 years), and 4-part fractures account for 2% (mean age
72 years). If we assume this distribution, current evidence
leaves roughly 12% for surgical consideration. Some younger
patients are likely to be added and some elderly with isolated
tuberosity fractures are likely to be subtracted. We do not
have high-quality clinical outcome data for younger patients,
fracture-dislocations, articular surface fractures, polytrauma,
pathological fractures, and isolated tuberosity fractures.

The current national variations in practice may be influenced
by factors such as surgical tradition, education, population
characteristics, implant promotion, reimbursement practice,
and insurance coverage. A decline in surgical activity can be
expected in countries with high rates of surgery with further
implementation of evidence-based practice.

Strengths and weaknesses

The strength of the study is the comprehensive dataset derived
from national administrative registries. It is the first report of
rates of surgery as well as head-preserving surgical techniques
for PHF in Denmark adding to data from existing arthroplasty
registries.

The cut-off values for age and time to surgery may be
discussed. We chose an age limit of 60 years to distinguish
mainly osteoporotic fractures from mainly non-osteoporotic
fractures. The limit also corresponds to the lower age limit in
several randomized trials and guidelines and may therefore
add to the comparability of data.

We decided to define “acute” as less than 3 weeks from
injury. This reflects the fact that the “window” for surgery has
widened since the advent of RSA. Some arthroplasty registries
use 2 weeks as the limit because of worsened outcome for HA
after 2 weeks. In RSA, however, it is usually possible to per-
form a stable reconstruction of the tuberosities and the rotator
cuff to the prosthesis after 3 weeks. Intramedullary nailing of
metaphyseal PHF may also be feasible after 3 weeks.

Bergdahl et al. (35) demonstrated problems with coding in
the Swedish National Patient Registry. However, the DNPR
differs from the Swedish National Patient Registry in several
aspects. In DNPR all healthcare contacts are time coded and
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there is a possibility for laterality coding. We added a 90-day
“quarantine” period for PHF diagnosis code (DS42.2) to
reduce possible erroneous coding and to reduce the risk of a
fracture being added to the study population more than once.
Furthermore, if a fracture was reported to the DNPR within
the study period all subsequent reporting of a fracture-related
procedure on the same side was regarded as a reoperation and
deleted from the study population.

A weakness of this study is the lack of validation for the
PHF diagnosis and surgical procedure in the DNPR. However,
the validation of orthopedic diagnosis and procedures in the
DNPR in general is high (17) and we have no reason to believe
that reporting to the register changed during the study period.

In conclusion, the incidence of PHF was stable between 1996
and 2018. The Danish approach to PHF in adults has remained
predominantly non-surgical. However, minor temporal trends
can be found, including a peak in surgical activity between
2008 and 2013 followed by a decline from 2013 to 2018.

Factors adding to the observed temporal trend may include
increasing surgical activity after promotion of locking plates
in the first decade followed by a decade of cumulating high-
quality evidence failing to demonstrate superiority of surgery.

SB had the idea for the study. All authors participated in the planning of the
study. BV and PG provided the dataset. Data analysis was performed by PG,
BV, and SO. SB drafted the manuscript. All authors participated in revision.

Acta thanks Carl Bergdahl and Elina Ekman for help with peer review of
this study.
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Table 3. Numbers and distribution within
the category ‘other’. Only 1 procedure code
is assigned to each fracture following the
above hierarchy

Plate osteosynthesis KNBJ61

Hemiarthroplasty KNBBO, KNBB1 Surgical procedure n (%)

Reverse arthroplasty KNBB2, KNBB3, KNBB4, KNBB5

Other Nail osteosynthesis 827 (19)
Nail osteosynthesis KNBJ51 Screw osteosynthesis 744 (17)
Screw osteosynthesis KNFJ71 K-wire osteosynthesis 1,778 (41)
K-wire osteosynthesis KNBJ41 Combined methods 422 (10)
Combined methods KNBJ81 Other procedures 512 (12)

Other procedures KNBJ*, KNB51, KNBL49, KNBJO*

Table 2. Fracture incidence and number of cases according to sex, age and treatment modality

Total 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Fracture incidence per 10% 138 130 125 128 134 129 133 134 132 142 143

141 138 143 143 151 148 141 145 140 141 137 140 136
No. of fractures 137,436 5,415 5,229 5,351 5,626 5,410 5,560 5,626 5,523 5,981 6,047 5,980 5,890 6,145 6,165 6,585 6,485 6,223 6,447 6,305 6,406 6,276 6,443 6,318
Sex
Male 38,891 1,373 1,342 1,459 1,537 1,503 1,481 1,556 1,588 1,752 1,739 1,778 1,729 1,748 1,807 1,794 1,914 1,810 1,825 1,918 1,818 1,778 1,822 1,820
Female 98,545 4,042 3,887 3,892 4,089 3,907 4,079 4,070 3,935 4,229 4,308 4,202 4,161 4,397 4,358 4,791 4,571 4,413 4,622 4,387 4,588 4,498 4,621 4,498
Age
18-59 41,470 1,568 1,450 1,600 1,749 1,624 1,622 1,752 1,837 1,855 1,918 1,940 1,791 1,886 1,867 2,011 2,005 1,890 1,932 1,829 1,936 1,796 1,811 ,1801
=60 95,966

3,847 3,779 3,751 3,877 3,786 3,938 3,874 3,686 4,126 4,129 4,040 4,099 4,259 4,298 4,574 4,480 4,333 4,515 4,476 4,470 4,480 4,632 4,517
5,016 4,819 4,849 5,070 4,852 4,980 5,050 4,912 5,261 5,299 5,145 5,018 5,174 5,182 5,543 5,431 5,240 5,383 5,341 5,476 5,579 5,709 5,637

93% 92% 91% 90% 90% 90% 90% 89% 88% 88% 88% 85% 84% 84% 87% 84% 84% 83% 85% 85% 89% 89% 89%
576 611 720

Non-surgically treated
Rate of no surgery
Surgery

119,966
87%

17,470 399 410 502 556 558 580

748 835 872 971 983 1042 1054 983 1064 964 930 697 734 681
Plate osteosynthesis 7,331 39 38 45 36 47 44 103 185 245 282 373 441 459 498 555 576 535 588 519 531 386 431 375
Hemiartrhoplasty 5,531 119 153 178 202 207 226 195 185 239 275 287 301 356 327 349 306 311 334 284 230 161 170 136
Reverse arthroplasty 319 3 4 5 2 1 4 3 6 8 4 4 5 4 4 6 16 15 12 22 37 43 44 67
Other 4289 238 215 274 316 303 306 275 235 228 187 171 125 152 154 132 156 122 130 139 132 107 89 103




