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Abstract 

Background  Proximal humeral fractures (PHFs) are common injuries, but their management has remained 
controversial. Recent high-level evidence from randomized clinical trials has shown that for many PHFs, surgical 
treatment is not superior to non-surgical treatment. Our primary aim was to conduct a multi-nation assessment 
of temporal trends and changes in surgical treatment of isolated PHF in Denmark, England, and Sweden. A secondary 
aim was to estimate the incidence of serious adverse events (SAEs) within 30 days (and death within 90 days) 
of primary surgery.

Methods  This population-based cohort study presents routinely collected data from Danish, English, and Swedish 
patient registries and electronic health records from 1998 to 2018. All adult patients with isolated PHFs combined 
with predefined surgical procedure codes were included. Age- and sex-specific incidence rates (IRs) of surgery 
and each surgical procedure per calendar year were calculated. Kaplan–Meier plots displayed patient survival 
for the study period. Incidence proportions of SAEs within 30 days (and death within 90 days) of surgery were 
computed.

Results  A total of 54,077 primary surgical procedures, performed in 53,852 patients with isolated PHF, were 
included. Denmark and Sweden had the highest IR of surgery, with Denmark peaking at 17.4/100,000 person-years 
in 2011 and Sweden peaking at 18/100,000 person-years in 2013, while England peaked at 5/100,000 person-years 
in 2010. From 2004, plate fixation was the leading surgical procedure in Denmark and Sweden, while arthroplasty 
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was the most frequent in England. The IR of surgery in Denmark and Sweden was 8–10 times higher for women aged 
80 years than that observed in England. The 30-day incidence of SAEs varied between countries, ranging from 0.03% 
to 3.51%.

Conclusions  Variations in surgical practice for isolated PHF exist between Denmark, England, and Sweden, 
with differences in overall IRs of surgery and preferred procedures. A complex interplay between hospitals, 
surgeons, healthcare systems, and evidence-based factors is likely to explain such variations. However, in all three 
countries, the IR of surgery, particularly for the use of locking plates, demonstrated a decline from 2013, coinciding 
with high-quality trials and meta-analyses suggesting that evidence-based factors are becoming more prominent 
in orthopaedic treatment decisions.

Keywords  Shoulder fracture, Surgical treatment, Temporal trends, Incidence rates, Cohort study, Multi-national

Background
Proximal Humerus fractures (PHFs) are a common and 
potentially disabling injury [1]. Several studies have 
reported a higher mortality rate among older adults sus-
taining a PHF compared to the background population, 
as this type of fracture often serves as an indicator of 
frailty, which, in turn, increases the likelihood of experi-
encing serious adverse events (SAEs) [2, 3].

Surgical management has been considered an estab-
lished treatment option in complex displaced PHFs [4, 
5]. Over the past decades, implant choices have changed 
from Kirschner wires (K-wires) and screw fixation to 
plate fixation and humeral hemiarthroplasty, with a more 
recent transition towards reverse total shoulder arthro-
plasty. Besides the fracture morphology, the choice of 
intervention may depend on various factors, including 
the patient’s overall health, functional demands, implant 
availability, healthcare system structure, marketing 
forces, and surgeons’ preference [6].

The introduction of locking plates in the early 2000s 
offered the potential of achieving a stable anatomical 
reduction, leading to a significant increase in the number 
of surgeries performed for displaced PHFs [7, 8]. Since 
then, several randomized controlled trials (RCTs) have 
been conducted to compare surgical interventions with 
non-surgical treatment for displaced PHFs. In 2015, the 
results of the high-quality ProFHER trial were published 
and did not support the trend of increased surgery for 
patients with this fracture [9]. Furthermore, the authors 
of the Cochrane review and meta-analysis, initially con-
ducted in 2015 and subsequently updated in 2022 with 
findings from 10 randomized controlled trials, concluded 
with high- or moderate-certainty that surgical interven-
tion does not yield superior outcomes compared to non-
surgical treatment at one and two years in older adults 
aged 60  years or older with displaced PHFs. They also 
stated that surgery may potentially increase the necessity 
for subsequent surgery [10, 11].

Real-world data offer a comprehensive mapping of 
events after trauma, including surgical interventions for 
PHF, temporal trends, as well as the incidence of SAEs 
[12–14]. They can be used to monitor surgical treat-
ments, especially as high-level evidence often lags behind 
the implementation of new surgical techniques in clinical 
practice [15]. In addition, registry data offers an opportu-
nity to detect variations in treatment methods between 
countries, which may provide useful insights for care 
pathway and treatment improvements for patients in 
these countries. While previous registry-based studies 
have described national-level trends in surgical treatment 
of PHF [7, 8, 16], comparative data across healthcare sys-
tems remain limited. To our knowledge, no prior study 
has examined surgical trends following PHF using har-
monized methods across multiple Northern European 
countries.

The primary aim of this study was to conduct a multi-
nation study to assess and compare the temporal trends 
and changes in surgical treatment of isolated PHF in 
Denmark, England, and Sweden. A secondary aim was to 
estimate the incidence of SAEs within 30 days (and mor-
tality within 90  days) of primary surgery, and to deter-
mine the impact of age, sex, and Charlson Comorbidity 
Index (CCI) upon these SAEs. Lastly, we aimed to inves-
tigate patient survival rates up to 18 years after surgery.

Methods
Study design
This multi-national population-based cohort study pre-
sents routinely collected data from Danish, English, and 
Swedish patient registries and electronic health records 
that were linked to national statistics in each country.

Data sources
We extracted individual participant data from the Dan-
ish National Patient Registry (DNPR), Hospital Episode 
Statistics Admitted Patient Care database (HES APC) for 
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England, and from the Swedish National Patient Register 
(SNPR) [12–14]. For simplicity, the term registry will be 
used in the following for all three countries.

The DNPR includes data from all Danish hospitals, 
both public and private, covering inpatient care and, since 
1995, also including outpatient care. It captures informa-
tion such as diagnoses, surgical procedures, treatments, 
complications, and hospital admissions. The DNPR 
also records information on outpatient visits to special-
ist clinics and emergency department visits [12]. After 
identifying the Danish study population in the DNPR, it 
was linked to the Civil Registration System (CRS) by the 
unique 10-digit personal identification number given to 
all Danes at birth or immigration since 1968. This allows 
individual-level linkage of data between multiple regis-
tries. The CRS also contains information on date of birth, 
age, sex, and vital status [17].

HES APC is a dataset containing data on all remuner-
ated activity within National Health Service hospitals 
(NHS) or NHS-funded care in England where the patient 
requires an inpatient stay in secondary care. This includes 
day-case procedures and provides data on primary and 
secondary clinical diagnoses. Data can be linked at a 
patient level to all other secondary care episodes within 
the NHS, in addition to national mortality data [14].

The SNPR contains information from inpatient care 
and, since 2001, also from outpatient care, thus including 
hospital admissions, emergency department visits, and 
specialist outpatient visits. It covers data from all Swedish 
hospitals, both public and private, and includes informa-
tion on patient demographics, diagnoses, treatments, and 
procedures [13]. To ensure a high degree of completeness 
from the SNPR, the Swedish data extract did not include 
data from before 2001.

Information about the specific content of each national 
patient registry is provided in Table S1 (Additional file 1: 
Table S1) [12–14, 17–21]. Furthermore, population data 
for incidence calculation were extracted from national 
statistics in each country [18, 20, 21]. All individual-level 
data were provided in a de-identified format.

Participants
Based on the International Classification of Diseases, 
10th Revision (ICD-10), all adults (≥ 18 years) with PHF 
(S.42.2*) were identified in the three national patient 
datasets [11–13].

The participants’ first fracture on each arm was 
included. In cases where laterality codes were miss-
ing, only the first fracture in one arm was included. 
Each index episode was analysed as an independent 
observation.

The exclusion criteria included the presence of bilat-
eral PHF, any concurrent injury, and cancer registered 

at the same episode/index date as the fracture. This 
was to exclude polytrauma and pathological fractures. 
Specific details of the ICD-10 codes used for including 
and excluding patients, as well as recording comorbidi-
ties and SAEs, are found in Table  S2 (Additional file  1: 
Table S2-S4).

Primary outcome
The primary outcome variables were the numbers of pre-
defined surgical procedures for PHF. The Nordic Medico-
Statistical Committee (NOMESCO) Classification codes 
(NCSP-codes) were used to identify surgical procedures 
linked to the ICD-10 code in Denmark and Sweden, 
while Operational Procedure Codes, 4th Edition (OPCS-
4) were used to identify surgical procedures linked to the 
ICD-10 code in England [19, 22]. The predefined surgi-
cal procedures were: plate fixation, screw fixation, K-wire 
fixation, intramedullary nail (IM nail) fixation, external 
fixation, and arthroplasty. If patients had surgery within 
30 days after the fracture index date, surgery was consid-
ered as initial treatment. If the index date of the surgical 
procedure was later than 30  days after the fracture, the 
initial treatment was categorised as non-operative, thus, 
they were excluded from the analysis. A complete coding 
list for the surgical procedures can be found in Table S2 
(Additional file  1: Table  S2). If more than one surgical 
procedure was performed on the same date and no data 
were available to classify which was the primary, the pro-
cedure was classified using a predefined hierarchy (Addi-
tional file 1: Table S5).

Secondary outcomes
Each specific surgical procedure was linked to the first 
episode of each SAE in a set of SAEs, occurring within 
30  days after the index date of the surgical procedure. 
The SAEs were identified based on ICD-10 codes and 
included: stroke, respiratory tract infection, myocardial 
infarction, pulmonary embolus, urinary tract infection, 
and acute renal failure. In addition, mortality within 30 
and 90 days was counted.

Covariates
To identify potential confounding, age, sex, and comor-
bidities were compared between surgical subgroups and 
between countries. Information on history of ischaemic 
heart disease (IHD), diabetes mellitus (DM), and chronic 
obstructive pulmonary disease (COPD) was extracted. 
The overall level of comorbidity was calculated as the 
CCI using the algorithm by Quan et al. [23]. In Denmark 
and Sweden, a one-year lookback period was applied 
when extracting past medical history and CCI variables, 
whereas in England, no time limit was applied to the 
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lookback period due to the limitation of no outpatient 
and emergency department information within the Eng-
lish dataset.

Data processing
The primary investigators, responsible for the data 
in each participating country, cleaned and processed 
their national data. Data management flow charts for 
each country can be found in supplementary material 
(Additional file  2: Fig. S1a,b,c). Patient-level analyses 
were performed securely according to locally agreed 
data management procedures. Do-files were developed 
and shared among the three countries to enable repro-
ducible analytical pipelines in each centre.

Statistical analysis
National baseline characteristics of patients divided 
by surgical subtype after isolated PHF were presented 
to identify potential differences in population profiles 
and sources of bias.

For each country, incidence rates (IR) per 100,000 
person-years with 95% confidence intervals (95% CI) 
were calculated for all surgically managed PHFs and for 
each surgical subtype. This was done by using national 
population estimates. In addition, age- and sex-specific 
IRs were calculated. The annual surgical IRs for all three 
countries were plotted against the date of a Cochrane 
systematic review and a large clinical trial, to determine 
if there was an impact of trial recruitment or publica-
tion of high-quality evidence [9, 10].

SAEs, occurring within 30 days of each surgical pro-
cedure, were presented as cumulative incidence pro-
portions (hereafter referred to as incidence) with 95% 
CI, assuming a normal approximation to the Poisson 
distribution for random count data.

Survival analysis using a Kaplan–Meier method was 
undertaken to show survival over the first post-opera-
tive year, as well as for the entire study period. Patients 
were censored at the date of death or end of follow-up, 
whichever came first.

Multivariable logistic regression analysis was under-
taken to determine the impact of age (in 20-year age 
bands), sex, and overall comorbidity (using CCI cat-
egorised as (0–1), (2–3), (4 +)) upon the rise of SAEs 
within 30  days as well as 30-day, 90-day, and 1-year 
post-operative mortality.

Aggregated results from each country were compiled 
by the first author. The statistical package Stata (ver-
sion 17, StataCorp, College Station, TX) was used for 
data cleaning, pre-processing, and statistical analyses.

The study was reported according to the Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement [24].

Results
A total of 54,077 primary surgical procedures performed 
in 53,852 unique patients with isolated PHFs met the 
inclusion criteria. In Denmark and Sweden, the median 
age was 68  years, compared to 63  years in England 
(Table 1). Across all three countries, patients treated with 
arthroplasty were the oldest (73  years), while patients 
undergoing screw fixation were the youngest (54.5–
56.5 years). Table 1 also provides proportions of patients 
with a history of IHD, DM, and COPD, and the total CCI 
score for each surgical subtype. Table S6 presents patient 
characteristics divided by sex (Additional file 1: Table S6).

Denmark and Sweden had the highest overall IRs of 
surgery, with Denmark reaching a peak in 2011 (17.4 per 
100,000 person-years), while Sweden peaked in 2013 (18 
per 100,000 person-years). In England, the IR of surgery 
was highest in 2010, with 5 per 100,000 person-years. All 
three countries experienced a decline in the overall IR of 
surgery from 2013 onwards. In 2016, the difference in IRs 
between the three countries was still pronounced, with 
Denmark and Sweden exhibiting 2.5 to 3 times higher IRs 
of surgery compared to England (Fig. 1a,b,c).

In Sweden and Denmark, the IRs of surgery were 8 
to 10 times higher for females aged 80  years (55 to 70 
per 100,000 person-years) compared to that observed 
in England (7 per 100,000 person-years). From the age 
of 50  years onward, the IR of surgery was consistently 
higher for females compared to males across all three 
countries (Additional file 2: Figure S2a,b,c).

Plate fixation was the most commonly used surgical 
procedure in Denmark and Sweden from 2004, 
experiencing a steady increase until it reached a peak 
around 2010 in Denmark with an IR of 10 per 100,000 
person-years, and between 2011 and 2013 in Sweden, 
where the IR reached 8.5 per 100,000 person-years. From 
2013 onwards, the use of plate fixation underwent a 
decline in both countries (Fig.  2a,c). In England, the IR 
of plate fixation increased slightly from 1 per 100,000 
person-years in 2005 to 2.8 per 100,000 person-years in 
2010–11, followed by a modest decrease. Arthroplasty 
remained the most commonly performed procedure in 
England throughout the study period, with an IR between 
2 and 4 per 100,000 person-years (Fig. 2b). In Denmark 
and Sweden, the IRs of arthroplasty procedures ranged 
from 5 to 6 per 100,000 person-years in 2013, after which 
the use decreased in both countries (Sweden from 2014), 
reaching a similar IR in 2016 as observed in England 
(Fig. 2a,b,c).
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Table 1  Baseline characteristics of patients divided by surgical subtype type for isolated proximal humerus fracture

< 7* data minimized to prevent secondary disclosure of data, IM-nail = intramedullary nail; Ex-Fix = external fixation, K-wire = Kirschner wire, IQR = Interquartile range, 
*using a one-year lookback period, a no time restriction in look period applied

Total Plate Screw IM-nail Ex-fix K-wire Arthroplasty

No. of cases (% of surgical type)

  Denmark N = 11,453 N = 5,447 (47.6%) N = 412 (3.6%) N = 459 (4.0%) N = 18 (0.2%) N = 1,076 (9.4%) N = 4,041 (35.3%)

  England N = 25,733 N = 9,744 (37.9%) N = 891 (3.5%) N = 4,259 (16.6%) N = 35 (0.1%) N = 1,246 (4.8%) N = 9,558 (37.1%)

  Sweden N = 16,891 N = 7,462 (44.2%) N = 603 (3.6%) N = 2,901 (17.2%) N = 37 (0.2%) N = 1,504 (8.9%) N = 4,384 (26.0%)

Median age (IQR)

  Denmark 68.0 (58.0–77.0) 65.0 (55.0–73.0) 56.5 (45.0–67.0) 69.0 (58.0–79.0) 59.0 (47.0–83.0) 68.0 (55.5–79.0) 73.0 (65.0–80.0)

  England 63.0 (51.8–73.3) 62.0 (51.8–71.2) 54.5 (42.0–66.6) 62.4 (49.9–74.1) 63.2 (40.3–75.7) 64.8 (52.7–76.4) 73.5 (65.1–79.5)

  Sweden 68.0 (59.0–76.0) 64.0 (55.0–73.0) 55.0 (43.0–65.0) 70.0 (61.0–80.0) 66.0 (53.0–73.0) 67.0 (56.0–75.0) 73.0 (66.0–79.0)

No. of females(%)

  Denmark 8,474 (74.0%) 3,941 (72.4%) 235 (57.0%) 303 (66.0%) 12 (66.7%) 765 (71.1%) 3,218 (79.6%)

  England 17,985 (69.9%) 6,691 (68.7%) 424 (47.6%) 2,687 (63.0%) 26 (74.3%) 850 (68.2%) 7,307 (76.4%)

  Sweden 12,190 (72.2%) 5,267 (70.6%) 308 (51.1%) 2,041 (70.4%) 21 (56.8%) 1,032 (68.6%) 3,521 (80.3%)

Past Medical History

  No. with Ischaemic Heart Disease (%)

 Denmark* 226 (2.0%) 93 (1.7%)  < 7* 11 (2.4%)  < 7* 25 (2.3%) 91 (2.3%)

 Englanda 1,903 (7.4%) 589 (6.0%) 28 (3.1%) 243 (5.7%)  < 7* 91 (7.3%) 950 (9.9%)

 Sweden* 1,683 (10.0%) 600 (8.0%) 36 (6.0%) 370 (12.8%)  < 7* 141 (9.4%) 530 (12.1%)

No. with Chronic Obstructive Pulmonary
Disease (%)

  Denmark* 222 (1.9%) 98 (1.8%)  < 7* 14 (3.1%)  < 7* 22 (2.0%) 83 (2.1%)

  Englanda 835 (3.2%) 277 (2.8%) 12 (1.3%) 122 (2.9%)  < 7* 45 (3.6%) 377 (3.9%)

  Sweden* 2,512 (14.9%) 1,040 (13.9%) 54 (9.0%) 490 (16.9%)  < 7* 211 (14.0%) 711 (16.2%)

No. with Diabetes Mellitus (%)

  Denmark* 359 (3.1%) 155 (2.8%)  < 7* 21 (4.6%)  < 7* 20 (1.9%) 157 (3.9%)

  Englanda 2,355 (9.2%) 797 (8.2%) 49 (5.5%) 335 (7.9%)  < 7* 122 (9.8%) 1,051 (11.0%)

  Sweden* 554 (3.3%) 204 (2.7%)  < 7* 129 (4.4%)  < 7* 37 (2.5%) 177 (4.0%)

Charlson Comorbidity Index score (%)

  Denmark (1 year lookback)

 0 10,426 (91.0%) 5,004 (91.9%) 394 (95.6%) 379 (82.6%) 17 (94.4%) 966 (89.8%) 3,666 (90.7%)

 1 402 (3.5%) 175 (3.2%) 7 (1.7%) 21 (4.6%)  < 7* 45 (4.2%) 154 (3.8%)

 2 453 (4.0%) 196 (3.6%) 11 (2.7%) 35 (7.6%)  < 7* 47 (4.4%) 163 (4.0%)

 3 71 (0.6%) 29 (0.5%)  < 7* 7 (1.5%)  < 7* 11 (1.0%) 24 (0.6%)

 4 44 (0.4%) 20 (0.4%)  < 7*  < 7*  < 7*  < 7* 16 (0.4%)

 5 +  57 (0.5%) 23 (0.4%)  < 7* 13 (2.8%)  < 7*  < 7* 18 (0.4%)

England (no time restriction in lookback)

  0 18,995 (73.8%) 7,380 (75.7%) 754 (84.6%) 3,306 (77.6%) 26 (74.3%) 953 (76.5%) 6,579 (68.8%)

  1 5,302 (20.6%) 1,947 (20.0%) 113 (12.7%) 750 (17.6%) 7 (20.0%) 228 (18.3%) 2,257 (23.6%)

  2 990 (3.8%) 309 (3.2%) 19 (2.1%) 143 (3.4%)  < 7* 41 (3.3%) 477 (5.0%)

  3 294 (1.1%) 61 (0.6%)  < 7* 40 (0.9%)  < 7* 13 (1.0%) 175 (1.8%)

  4 105 (0.4%) 33 (0.3%)  < 7* 14 (0.3%)  < 7*  < 7* 52 (0.5%)

  5 +  47 (0.2%) 14 (0.1%)  < 7* 9 (0.2%)  < 7*  < 7* 18 (0.2%)

Sweden (1 year lookback)

  0 8,666 (51.3%) 4,283 (57.4%) 438 (72.6%) 1,276 (44.0%) 20 (54.1%) 787 (52.3%) 1,862 (42.5%)

  1 1,678 (9.9%) 748 (10.0%) 46 (7.6%) 288 (9.9%) 3 (8.1%) 135 (9.0%) 458 (10.4%)

  2 3,165 (18.7%) 1,192 (16.0%) 69 (11.4%) 605 (20.9%) 4 (10.8%) 299 (19.9%) 996 (22.7%)

  3 1,338 (7.9%) 500 (6.7%) 19 (3.2%) 269 (9.3%) 5 (13.5%) 122 (8.1%) 423 (9.6%)

  4 907 (5.4%) 320 (4.3%) 11 (1.8%) 199 (6.9%) 0 (0.0%) 82 (5.5%) 295 (6.7%)

  5 +  1,137 (6.7%) 419 (5.6%) 20 (3.3%) 264 (9.1%) 5 (13.5%) 79 (5.3%) 350 (8.0%)
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Fig. 1  a,b,c Incidence rate (IR) of surgery after isolated proximal humerus fracture over the total study period. Note: IR = incidence rate, 95% 
CI = 95% confidence interval
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Fig. 2  a,b,c Incidence rates of surgical subtypes following isolated proximal humerus fracture. Note: IM nail = intramedullary nail, Ex-fix = external 
fixation, K-wire = Kirschner wire, 95% CI = 95% confidence interval
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The total incidence of mortality within 30 and 90 days 
after surgery was higher in Denmark (1.21% and 2.65%) 
compared to those observed in England (0.67% and 
1.36%) and Sweden (0.29% and 0.98%). Apart from 
mortality, Denmark and England had the lowest (total) 
incidence (0.03% to 1.26%) of the remaining predefined 
SAEs within 30  days compared to those observed in 
Sweden (0.62% to 3.51%) (Table 2).

Across the three countries, the survival rates for 
females after the first postoperative year ranged from 
95% to 97.5%, and from 92% to 96% for males (Addi-
tional file 2: Fig. S3a,b,c). After 18 years, the survival rates 
had decreased to between 30% and 38% for females and 
between 35% and 48% for males (Additional file 2: Figure 
S4a,b,c). At both follow-up times, Denmark accounted 
for the lowest survival rate, while Sweden had the highest.

Multivariable regression analyses showed a consistent 
trend across all three countries: male gender, advanced 
age, and high CCI index score increased the risk of mor-
tality within the first postoperative year, as well as the risk 
of suffering the predefined SAEs within 30  days of sur-
gery. The specific odds ratio (OR) estimates are outlined 
in Table S7 and Table S8 (Additional file 1: Table S7-S8).

Discussion
PHFs are a common injury, and this study reveals large 
international variation in IRs of their surgical treatment 
between Denmark, England, and Sweden from 1998 to 
2018. Sweden and Denmark had the highest IRs of sur-
gery, with England showing the lowest. Notably, Den-
mark and Sweden showed a preference for utilizing 
locking plates, starting in 2004, following their introduc-
tion to the market. This trend was not observed in Eng-
land, where arthroplasty remained the preferred surgical 
intervention throughout the study period. The IR of sur-
gery in Denmark and Sweden was 8 to 10 times higher 
for women aged 80 years than that observed in England. 
Additionally, this study showed that the median age of 
patients undergoing surgical treatment for isolated PHFs 
in Denmark and Sweden was five years higher com-
pared to their counterparts in England, suggesting differ-
ences in patient selection for surgery between countries. 
Sweden had the highest incidence proportions of SAEs 
within 30  days of surgery, except mortality, which was 
highest in Denmark within 30 and 90 days after surgery. 
Finally, there was variation in survival rates after surgery 
up to 18 years after surgery across all three countries.

It is noteworthy that across all three countries, the IRs 
of surgery, especially regarding the use of locking plates, 
declined from 2013. This decline coincided with the con-
duct of the ProFHER trial in England [9]. The trend con-
tinued after the publication of results and the Cochrane 
review in 2015 [10]. This shift in treatment trends 

observed in the three countries during the study period 
suggests that the findings, and possibly the mere initia-
tion of large-scale studies, had an impact on treatment 
practices for patients with isolated PHF. While these stud-
ies cover the majority of PHF cases, they do not address 
younger patients or less common fracture types such as 
dislocated or head-split fractures. Finally, new models for 
implementation of evidence-based practice are currently 
being introduced by orthopaedic societies [25].

In a recent nation-based registry study, Brorson et  al. 
investigated trends in the management of PHF from 1996 
to 2018 in Denmark and reported temporal trends of 
surgery similar to those found in our study [7]. Sumrein 
et  al. reported treatment trends in Sweden from 2001 
to 2017, with findings that align with the surgical trends 
observed in our Swedish cohort [16]. These national reg-
istry studies offer important insights into within-country 
changes over time, however, they do not allow for direct 
cross-national comparison of surgical IR, subtype use, or 
SAE outcomes. In this study, we applied a harmonized 
methodological approach to enable comparison of sur-
gical trends and serious adverse events (SAEs) following 
PHF across these national healthcare systems. Also in 
Germany, locking plates were the most commonly used 
implant between 2011 and 2016. However, unlike the 
trends observed in our study, Germany did not expe-
rience a decline in the use of locking plates during this 
period. Instead, they reported a 39% increase in surgery 
for PHF during the study period [15]. Thus, there is sub-
stantial variation in surgical trends, even among geo-
graphically proximate countries. Geographic variation 
in surgical treatment of PHFs has also been reported in 
other studies. Floyd et  al. reported wide national vari-
ation in the surgery rates across the United States [26]. 
Lübbeke et al.’s multinational registry study found inter-
national variation in the use of shoulder arthroplasty, 
with higher IRs in Denmark and Sweden compared to the 
UK [27]. However, neither of the two studies investigated 
the variation in the use of different surgical subtypes 
across countries.

International variation in surgical trends most likely 
reflects several factors, such as differences in health care 
systems, capacity, and regulations across nations, includ-
ing differences in the speed at which national orthopae-
dic communities will adopt new surgical methods [6]. In 
addition, marketing forces and surgeons’ treatment pref-
erences may also contribute to the variations in surgical 
trends [28].

Due to confounding by indication and differences 
in median age in the study populations across the 
three countries, we refrained from making conclusive 
statements regarding causality between the proportion 
of SAEs and the utilization of the different surgical 
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Table 2  Incidence of serious adverse events within 30 days (and 90 days for mortality) of surgery divided by surgical subtype for 
isolated proximal humerus fracture

< 7* data minimized to prevent secondary disclosure of data, IM-nail = intramedullary nail; Ex-Fix = external fixation, K-wire = Kirschner wire, 95% CI = 95% confidence 
interval

Total Plate Screw IM-nail Ex-fix K-wire Arthroplasty

Number (%)
(95% CI of %)

Mortality within 30 days

  Denmark 139 (1.21%)
(1.02–1.43%)

45 (0.83%)
(0.60–1.11%)

 < 7* 20 (4.40%)
(2.66–6.73%)

 < 7* 22 (2.04%)
(1.30–3.10%)

52 (1.30%)
(0.10–1.70%)

  England 173 (0.67%)
(0.58–0.78%)

41 (0.42%)
(0.30–0.57%)

 < 7* 34 (0.80%)
(0.55–1.11%)

 < 7* 19 (1.52%)
(0.92–2.38%)

77 (0.81%)
(0.64–1.01%)

  Sweden 50 (0.29%)
(0.21–0.39%)

13 (0.2%)
(0.09–0.30%)

 < 7* 21 (0.72%)
(0.44–1.10%)

 < 7*  < 7* 10 (0.23%)
(0.11–0.41%)

Mortality within 90 days

  Denmark 304 (2.65%)
(2.36–2.97%)

97 (1.80%)
(1.44–2.17%)

 < 7* 42 (9.15%)
(6.60–12.37%)

 < 7* 43 (4.00%)
(2.90–5.38%)

121 (3.01%)
(2.49–3.60%)

  England 352 (1.36%)
(1.22–1.52%)

80 (0.82%)
(0.65–1.02%)

 < 7* 77 (1.80%)
(1.43–2.25%)

 < 7* 33 (2.65%)
(1.82–3.72%)

155 (1.62%)
(1.38–1.90%)

  Sweden 165 (0.98%)
(0.81–1.11%)

46 (0.62%)
(0.45–0.82%)

 < 7* 55 (1.90%)
(1.42–2.46%)

 < 7* 19 (1.26%)
(0.76–1.97%)

40 (0.91%)
(0.65–1.24%)

Stroke

  Denmark 46 (0.40%)
(0.29–0.54%)

18 (0.33%)
(0.20–0.52%)

 < 7*  < 7*  < 7*  < 7* 18 (0.44%)
(0.26–0.70%)

  England 9 (0.03%)
(0.02–0.07%)

 < 7*  < 7*  < 7*  < 7*  < 7*  < 7*

  Sweden 524 (3.10%)
(2.28–3.37%)

177 (2.37%)
(2.03–2.74%)

 < 7* 135 (4.70%)
(3.90–5.51%)

 < 7* 44 (2.93%)
(2.01–3.92%)

162 (3.70%)
(3.14–4.31%)

Respiratory Tract Infection

  Denmark 145 (1.26%)
(0.11–1.49%)

57 (1.1%)
(0.79–1.41%)

 < 7*  < 7*  < 7* 10 (0.93%)
(0.45–1.71%)

68 (1.70%)
(1.31–2.13%)

  England 66 (0.26%)
(0.20–0.33%)

21 (0.22%)
0.13–0.33

 < 7*  < 7*  < 7* 8 (0.64%)
(0.28–1.27%)

33 (0.34%)
(0.24–0.48%)

  Sweden 593 (3.51%)
(3.23–3.80%)

226 (3.03%)
(2.64–3.45%)

9 (1.50%)
(0.68–2.83%)

127 (4.40%)
(3.64–5.21%)

 < 7* 45 (3.0%)
(2.18–4.00%)

186 (4.24%)
(3.65–4.89%)

Myocardial Infarction

  Denmark 31 (0.27%)
(0.18–0.38%)

16 (0.29%)
(0.17–0.48%)

 < 7*  < 7*  < 7*  < 7* 13 (0.32%)
(0.17–0.55%)

  England 11 (0.04%)
(0.02–0.08%)

 < 7*  < 7*  < 7*  < 7*  < 7* 8 (0.08%)
(0.04–0.16%)

  Sweden 435 (2.60%)
(2.34–2.83%)

150 (2.01%)
(1.70–2.35%)

9 (1.50%)
(0.68–2.83%)

85 (2.93%)
(2.34–3.62%)

 < 7* 33 (2.20%)
(1.51–3.08%)

158 (3.60%)
(3.06–4.11%)

Pulmonary Embolism

  Denmark 17 (0.15%)
(0.09–0.24%)

 < 7*  < 7*  < 7*  < 7*  < 7* 11 (0.27%)
(0.14–0.49%)

  England 12 (0.05%)
(0.03–0.09%)

 < 7*  < 7*  < 7*  < 7*  < 7* 10 (0.10%)
(0.05–0.19%)

  Sweden 173 (1.02%)
(0.87–1.18%)

64 (0.86%)
(0.66–1.09%)

 < 7* 36 (1.24%)
(0.44–1.10%)

 < 7* 14 (0.93%)
(0.51–1.56%)

57 (1.30%)
(0.98–1.68%)

Urinary Tract Infection

  Denmark 93 (0.81%)
(0.66–0.99%)

31 (0.60%)
(0.39–0.81%)

 < 7*  < 7* 7 (1.53%)
(0.61–3.14%)

8 (0.74%)
(0.32–1.46%)

46 (1.14%)
(0.83–1.52%)

  England 59 (0.23%)
(0.17–0.30%)

17 (0.17%)
(0.11–0.29%)

 < 7*  < 7*  < 7*  < 7* 31 (0.32%)
(0.22–0.46%)

  Sweden 246 (1.46%)
(1.28–1.65%)

107 (1.43%)
(1.17–1.73%)

 < 7* 40 (1.38%)
(0.98–1.87%)

 < 7* 17 (1.13%)
(0.65–1.80%)

79 (1.80%)
(1.42–2.24%)

Acute Renal Failure

  Denmark 12 (0.10%)
(0.05–0.18%)

 < 7*  < 7*  < 7*  < 7*  < 7* 7 (0.17%)
(0.07–0.36%)

  England 64 (0.26%)
(0.19–0.32%)

18 (0.18%)
(0.11–0.29%)

 < 7*  < 7*  < 7*  < 7* 41 (0.43%)
(0.31–0.58%)

  Sweden 105 (0.62%)
(0.51–0.75%)

41 (0.55%)
(0.39–0.74%)

 < 7* 27 (0.93%)
(0.21–1.71%)

 < 7*  < 7* 30 (0.68%)
(0.46–0.97%)
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procedures. Our findings depict the incidences of SAEs 
among patients selected for surgical intervention, rather 
than indicating that SAEs were solely a result of surgery. 
Moreover, our analysis did not include non-surgically 
treated patients with PHF, which prevents an assessment 
of whether SAEs were directly attributable to the surgical 
intervention, although generally fitter people are more 
likely to receive surgery.

A notable strength of this study is the validity of the 
DNPR and the SNPR, which are known for their compre-
hensive coverage and high-quality data collection [12, 13, 
29]. The HES APC is considered comprehensive in terms 
of coverage of the health system and detailed reporting 
of mortality events. However, research to validate the 
specific procedure codes used has yet to be published. 
Another strength of this study is its use of a large sample 
size comprising 54,077 surgical procedures conducted 
over a 20-year period in three northern European coun-
tries. To ensure comparability of results across countries, 
the three national study groups collaborated extensively 
on a study protocol for all stages of the study.

A limitation is that the content of the three patient 
registries, from which data were extracted, varied (Addi-
tional file  1:Table  S1). Whereas the SNPR and DNPR 
include outpatient and emergency room visits, the HES 
APC strictly comprises data from patients who under-
went hospital admission and does not include patients 
treated non-operatively who were not admitted to hospi-
tal. Nevertheless, HES APC does capture all patients who 
underwent surgery, including day-case surgery. To ensure 
comparability, we used national population estimates to 
calculate the IR of surgery. However, while we assume 
similar IR of PHF across the three countries, we cannot 
draw definitive conclusions about the exact disparity in 
surgical IRs between Denmark and Sweden versus Eng-
land. While our analysis did not include non-surgically 
treated patients and thus cannot provide estimates of the 
total incidence of PHF, prior registry studies offer impor-
tant context. Brorson et  al. found that the incidence of 
PHF in Denmark remained stable between 1996 and 
2018 [7], while Sumrein et al. reported a rise in incidence 
in Sweden between 2001 and 2008, followed by stabiliza-
tion through 2012 [16]. These findings suggest that the 
observed decline in surgical incidence rates in our study 
is unlikely to be attributable to a general change in PHF 
incidence and is more likely explained by a shift in treat-
ment practices. The English data include only inpatient 
episodes related to SAEs, while the Danish and Swedish 
data also capture outpatient episodes. Therefore, com-
parisons of SAEs across countries should be interpreted 
with caution, as should comparisons of CCI and past 
medical history. In all countries, the reported number 
of SAEs within 30  days may be underestimated. While 

conditions like stroke, pulmonary embolus, acute renal 
failure, and myocardial infarction, often lead to hospital 
admission, urinary tract infections and respiratory tract 
infections are sometimes treated in the community or by 
general practitioners.

In Denmark and England, the patient’s first fracture on 
each arm was included and analysed as an independent 
observation. This decision was made to capture as many 
fractures as possible, assuming that a fracture on one arm 
does not influence the outcome of a fracture on the other 
arm. Since the SNPR lacks laterality, only the patient’s 
first fracture in one arm is included. Therefore, it is likely 
that the total number of fractures in Sweden would have 
been higher if fractures in both arms had been included. 
Denmark and Sweden estimated past medical history 
and CCI using a one-year look-back period, while Eng-
land did not impose any time restrictions. As a result, it is 
not possible to make a direct comparison of the patients’ 
comorbidity profiles among the three countries.

Conclusions
This multi-national study has demonstrated that large 
variations in surgical practice exist between Denmark, 
England , and Sweden. These variations were observed in 
both the overall IR of surgery and in the preferred sur-
gical procedures for isolated PHF. While it is likely that 
a complex interplay between hospitals, surgeons, and 
healthcare systems may explain some of these variations, 
high-quality orthopaedic evidence has traditionally been 
lacking. With the surgical community now delivering 
stronger evidence, and if patient outcomes are put first, 
such variations should diminish. However, in all three 
countries, the IR of surgery, particularly the use of lock-
ing plates, declined from 2013. This coincided with the 
publication of high-quality clinical trials and meta-anal-
yses investigating the optimal treatment of these injuries. 
These changes in practice suggest that emerging evidence 
is becoming more prominent in trauma and orthopaedic 
surgery across the three countries.

Abbreviations
PHF	� Proximal humerus fracture
IRs	� Incidence rates
K-wires	� Kirschner wires
RCTs	� Randomized controlled trials
CCI	� Charlson Comorbidity Index
DNPR	� Danish National Patient Registry
HES APC	� Hospital Episode Statistics Admitted Patient Care database
SNPR	� Swedish National Patient Register
CRS	� Civil Registration System
NHS	� National Health Service hospitals
ICD-10	� International Classification of Diseases, 10th revision
NOMESCO	� Nordic Medico-Statistical Committee
NCSP-codes	� NOMESCO Classification of Surgical codes
OPCS-4 codes	� Operational Procedure Codes, 4th Edition
IM nail	� Intramedullary nail
Ex-Fix	� External fixation
IHD	� Ischaemic heart disease



Page 11 of 12Østergaard et al. BMC Medicine          (2025) 23:601 	

DM	� Diabetes mellitus
COPD	� Chronic obstructive pulmonary disease
95% CI	� 95% Confidence intervals
IQR	� Interquartile range
STROBE	� Strengthening the Reporting of Observational Studies in 

Epidemiology

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​025-​04414-2.

Additional file 1: Table S1-S8. Table S1: Content of national registries used 
for data extraction in this study. Table S2: ICD-10 diagnosis and procedure 
codes utilized for data extraction. Table S3: ICD-10 diagnosis codes 
for serious adverse events. Table S4: ICD-10 codes for comorbidities in 
Charlson Comorbidity Index. Table S5: Predefined hierarchy for classifying 
surgical procedures when multiple procedures occur on the same date 
and primary procedure is unknown. Table S6: Patient demographics 
divided by sex for surgically treated isolated proximal humerus fracture. 
Table S7: Multivariable logistic regression model showing risk of mortality 
after surgical treatment of proximal humerus fracture, adjusted for age, 
sex, and CCI. Table S8: Multivariable logistic regression model showing risk 
of serious adverse events after surgical treatment of proximal humerus 
fracture, adjusted for age, sex, and CCI.

Additional file 2: Figure S1a,b,c-S4 a,b,c. Figure S1a,b,c: Data management 
flowchart for the Danish, English, and Swedish fracture cohort. Figure 
S2a,b,c: Age- and sex-specific incidence rates of surgically treated isolated 
proximal humerus fracture. Figure S3a,b,c: Survival rate within the first 
post-operative year after isolated proximal humerus fracture, divided by 
sex. Figure S4a,b,c: Survival rate during the total follow-up period after 
isolated proximal humerus fracture surgery, divided by sex.

Acknowledgements
We thank Martin Stisen for contributing to Danish data management.

Authors’ contributions
HKØ, JCEL, RC, MT, DF, MC, SG, IM, APL, and JLR contributed to the study’s 
conception and design. HKØ and MNM had full access to all Danish data, 
JCEL had full access to all English data, and ARQ and LFT had full access to all 
Swedish data. Danish data processing and analysis were conducted by MNM 
and HKØ, English data processing and analysis by JCEL, and Swedish data 
processing and analysis by ARQ and LFT. IM, APL, HEB, MT, and JLR provided 
valuable input during data processing to qualify meaningful and clinically 
relevant decisions. Data interpretation was performed by all authors. HKØ and 
APL drafted the original manuscript, and all authors provided critical review 
and shared final responsibility for the decision to submit the manuscript for 
publication. HKØ and MNM directly accessed and verified the underlying Dan-
ish data, JCEL and JLR directly accessed and verified the English data, and ARQ 
and LFT directly accessed and verified the Swedish data. All authors read and 
approved the final manuscript.

Funding
Funding was received from the regional agreement on medical training 
and clinical research (ALF, Region Stockholm) dnr. RS 2019–1054, Academy 
of Finland (APL) ref 341375, and Dagmar Marshall Foundation in Denmark. 
The English work was funded by Versus Arthritis (JCEL), Medical Research 
Council (JCEL), and we acknowledge the support of the National Institute for 
Health Research Barts Biomedical Research Centre (NIHR203330) (JCEL) and 
Royal College of Surgeons and National Joint Registry (RC). The funders of 
the study had no role in the study design, data collection, data analysis, data 
interpretation, or writing of the report.

Data availability
The datasets generated and analysed during this study are not publicly 
available. Access requires permission from the Danish Health Data Authority, 
Hospital Episode Statistics Admitted Patient Care database in England, and the 
National Board of Health and Welfare in Sweden.

Declarations

Ethics approval and consent to participate
Data access and approval were gained through national authorities. In Den-
mark, approval was gained by the Danish Data Protection Agency (reference 
no. 680317, case no. 1–16-02–100-20). In England, approval was gained by 
NHS Data Access Advisory group and NHS Digital data sharing agreement 
(DARS-NIC-29827-Q8Z7Q); the University of Oxford research services (Project 
ID 12787), and was registered at ClinicalTrials.gov (NCT03573765). In Sweden, 
approval was obtained from the regional ethics committee in Stockholm and 
the national ethical authority in Sweden (Dnr: 2013/581–31, 2020–04776, 
2020/06182).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Orthopaedics, Viborg Regional Hospital, Heibergs Allé 5A, 
8800 Viborg, Denmark. 2 Barts Bone and Joint Health, Blizard Institute, Queen 
Mary University of London, 4 Newark Street, London E1 2AT, UK. 3 University 
Clinic for Interdisciplinary Orthopaedic Pathways (UCOP), Elective Surgery 
Centre, Silkeborg Regional Hospital, Falkevej 1P, 8600 Silkeborg, Denmark. 
4 Division of Orthopaedics and Biotechnology, Department of Clinical Science, 
Intervention and Technology, Emergency & Reparative Medicine Theme, 
Karolinska Institutet, Karolinska University Hospital, 54141 86 Reconstructive 
OrthopaedicsHuddinge, K, Sweden. 5 Division of Renal Medicine and Baxter 
Novum, Department of Clinical Science, Intervention and Technology, M99 
Karolinska Huddinge, 14186 Stockholm, Sweden. 6 Milton Keynes University 
Hospital, Milton Keynes, Standing Wy, Eaglestone, Milton Keynes MK6 5LD, 
UK. 7 Nuffield Department of Orthopaedics, Rheumatology and Musculoskel-
etal Sciencesand the, NIHR Oxford Biomedical Research Centre, University 
of Oxford, Windmill Road, Headington, Oxford OX3 7HE, UK. 8 Department 
of Orthopaedics, Aarhus University Hospital, Palle Juul-Jensens, Boulevard 99, 
8200 Aarhus N, Denmark. 9 Department of Clinical Medicine, Aarhus University, 
Palle Juul‑Jensens Boulevard 99, 8200 Aarhus N, Denmark. 10 Department 
of Sensory, Musculoskeletal Diseases Centre, Neural, and Musculoskeletal 
Medicine, Tampere University Hospital, Wellbeing Services County of Pirkan-
maa, Elämänaukio 2, 33520 Tampere, Finland. 11 Faculty of Medicine and Health 
Technology, Tampere University, Kalevantie 4, 33100 Tampere, Finland. 

Received: 11 February 2025   Accepted: 30 September 2025

References
	1.	 Court-Brown CM, Garg A, McQueen MM. The epidemiology of proximal 

humeral fractures. Acta Orthop Scand. 2001;72(4):365–71.
	2.	 Sumrein BO, Berg HE, Launonen AP, Landell P, Laitinen MK, Felländer-Tsai L, et al. 

Mortality following proximal humerus fracture-a nationwide register study of 
147,692 fracture patients in Sweden. Osteoporos Int. 2023;34(2):349–56.

	3.	 Floyd SB, Thigpen C, Kissenberth M, Brooks JM. Association of surgical 
treatment with adverse events and mortality among Medicare 
beneficiaries with proximal humerus fracture. JAMA Netw Open. 
2020;3(1):e1918663.

	4.	 Bastian JD, Hertel R. Osteosynthesis and hemiarthroplasty of fractures of 
the proximal humerus: outcomes in a consecutive case series. J Shoulder 
Elbow Surg. 2009;18(2):216–9.

	5.	 Carbone S, Tangari M, Gumina S, Postacchini R, Campi A, Postacchini F. 
Percutaneous pinning of three- or four-part fractures of the proximal 
humerus in elderly patients in poor general condition: MIROS® versus 
traditional pinning. Int Orthop. 2012;36(6):1267–73.

	6.	 Birkmeyer JD, Reames BN, McCulloch P, Carr AJ, Campbell WB, Wennberg 
JE. Understanding of regional variation in the use of surgery. Lancet. 
2013;382(9898):1121–9.

	7.	 Brorson S, Viberg B, Gundtoft P, Jalal B, Ohrt-Nissen S. Epidemiology and 
trends in management of acute proximal humeral fractures in adults: an 

https://doi.org/10.1186/s12916-025-04414-2
https://doi.org/10.1186/s12916-025-04414-2


Page 12 of 12Østergaard et al. BMC Medicine          (2025) 23:601 

observational study of 137,436 cases from the Danish National Patient 
Register, 1996–2018. Acta Orthop. 2022;93:750–5.

	8.	 Leino OK, Lehtimäki KK, Mäkelä K, Äärimaa V, Ekman E. Proximal humeral 
fractures in Finland : trends in the incidence and methods of treatment 
between 1997 and 2019. Bone Joint J. 2022;104-b(1):150–6.

	9.	 Rangan A, Handoll H, Brealey S, Jefferson L, Keding A, Martin BC, et al. 
Surgical vs nonsurgical treatment of adults with displaced fractures of 
the proximal humerus: the PROFHER randomized clinical trial. JAMA. 
2015;313(10):1037–47.

	10.	 Handoll HH, Brorson S. Interventions for treating proximal humeral 
fractures in adults. Cochrane Database Syst Rev. 2015(11):Cd000434.

	11.	 Handoll HH, Elliott J, Thillemann TM, Aluko P, Brorson S. Interventions for 
treating proximal humeral fractures in adults. Cochrane Database Syst 
Rev. 2022;6(6):Cd000434.

	12.	 Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, 
Sørensen HT. The Danish national patient registry: a review of content, 
data quality, and research potential. Clin Epidemiol. 2015;7:449–90.

	13.	 Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall 
C, et al. External review and validation of the Swedish national inpatient 
register. BMC Public Health. 2011;11:450.

	14.	 Digital N. Hospital Episode Statistics (HES) [updated 15 September 2025. 
Available from: https://​digit​al.​nhs.​uk/​data-​and-​infor​mation/​data-​tools-​
and-​servi​ces/​data-​servi​ces/​hospi​tal-​episo​de-​stati​stics.

	15.	 Klug A, Gramlich Y, Wincheringer D, Schmidt-Horlohé K, Hoffmann R. 
Trends in surgical management of proximal humeral fractures in adults: a 
nationwide study of records in Germany from 2007 to 2016. Arch Orthop 
Trauma Surg. 2019;139(12):1713–21.

	16.	 Sumrein BO, Huttunen TT, Launonen AP, Berg HE, Felländer-Tsai L, Mattila 
VM. Proximal humeral fractures in Sweden-a registry-based study. 
Osteoporos Int. 2017;28(3):901–7.

	17.	 Pedersen CB. The Danish Civil Registration System. Scand J Public Health. 
2011;39(7 Suppl):22–5.

	18.	 Statistics Denmark 2023 [Available from: https://​www.​dst.​dk/​en.
	19.	 Nomesco-Nososco. NCSP - Classification of Surgical Procedures [updated 

06/02/2021 Available from: https://​nhwst​at.​org/​publi​catio​ns/​ncsp-​class​
ifica​tion-​surgi​cal-​proce​dures.

	20.	 Statistics Sweden 2023 [Available from: https://​www.​scb.​se/​en/.
	21.	 Office for National Statistics 2023 [Available from: https://​www.​ons.​gov.​

uk/​peopl​epopu​latio​nandc​ommun​ity/​popul​ation​andmi​grati​on/​popul​
ation​estim​ates.

	22.	 NHS. NHS Data Model and Dictionary: NHS; [updated 2023. Available from: 
https://​www.​datad​ictio​nary.​nhs.​uk/​data_​eleme​nts/​opcs-4_​code.​html.

	23.	 Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and 
validating the Charlson comorbidity index and score for risk adjustment 
in hospital discharge abstracts using data from 6 countries. Am J 
Epidemiol. 2011;173(6):676–82.

	24.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. The strengthening the reporting of observational studies in 
epidemiology (STROBE) statement: guidelines for reporting observational 
studies. J Clin Epidemiol. 2008;61(4):344–9.

	25.	 Vedel JC, Hallager DW, Penny J, Jensen TH, Sørensen TJ, Brorson S. Change 
in orthopaedic surgeon behaviour by implementing evidence-based 
practice. Dan Med J. 2023;70(6).

	26.	 Floyd SB, Campbell J, Chapman CG, Thigpen CA, Kissenberth MJ, Brooks 
JM. Geographic variation in the treatment of proximal humerus fracture: 
an update on surgery rates and treatment consensus. J Orthop Surg Res. 
2019;14(1):22.

	27.	 Lübbeke A, Rees JL, Barea C, Combescure C, Carr AJ, Silman AJ. 
International variation in shoulder arthroplasty. Acta Orthop. 
2017;88(6):592–9.

	28.	 Arroyo NA, Gessert T, Hitchcock M, Tao M, Smith CD, Greenberg C, 
et al. What promotes surgeon practice change? A scoping review of 
innovation adoption in surgical practice. Ann Surg. 2021;273(3):474–82.

	29.	 Karimi D, Houkjær L, Gundtoft P, Brorson S, Viberg B. Positive predictive 
value of humeral fractures in the Danish National Patient Registry. Dan 
Med J. 2023;70(4).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-episode-statistics
https://www.dst.dk/en
https://nhwstat.org/publications/ncsp-classification-surgical-procedures
https://nhwstat.org/publications/ncsp-classification-surgical-procedures
https://www.scb.se/en/
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates
https://www.datadictionary.nhs.uk/data_elements/opcs-4_code.html

	Variations in surgical practice and adverse events following isolated proximal humerus fracture in adults – a comparative longitudinal cohort study of 53,852 patients from Denmark, England, and Sweden
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Data sources
	Participants
	Primary outcome
	Secondary outcomes
	Covariates
	Data processing
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


