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Aims
The epidemiology of proximal humerus fractures (PHFs) has been described in terms of
incidence, fracture complexity, and general time trends, but current literature on time trends
in PHF complexity is limited. This study aims to explore possible time trends in PHF complex-
ity and report the distribution of different types of PHF from January 1944 to December
2020.

Methods

The city of Malmo, Sweden, has one emergency hospital where acute fractures are treated,
and radiographs have been saved for almost a century. One author reviewed and classified
relevant radiological examinations in individuals aged = 18 years with a PHF during 17
sample years from 1944 to 2020 in Malmo using the Neer and AO classifications.

Results

Of the 3,031 identified PHFs, 2,216 (73%) were sustained by women (mean age 69 years (SD
14)) and 815 (27%) by men (mean age 59 years (SD 17)). We saw no obvious time trend
in fracture complexity overall, for men and women separately, or for different age groups.
Fracture complexity according to AO was higher in older than younger age groups, which
was true also with the Neer classification for women. However, for men, according to the
Neer classification, the fracture complexity was higher in younger than older age groups.

Conclusion
We found no obvious time trend in fracture complexity with the Neer or AO classification
systems from 1944 to 2020.

found that 73% of the fractures occurred in
women (mean age at fracture 69 years (SD
14)) and 27% in men (mean age 59 years
(SD17)).!

Previous studies have explored PHF
epidemiology in terms of incidence'® and
fracture complexity,”'? but current literature
on time trends in PHF complexity is limited.
Bengnér et al”® noted a slight increase in
complex fractures in Malmd by the Neer
classification, with 73% Neer 1 (n = 384)
in the 1980s compared to 80% Neer 1 (n
= 329) in the 1950s. Regarding the AO
classification,”” we have not been able to

Take home message

- We saw no obvious time trend in fracture
complexity with the Neer or AQO classifica-
tion systems during the more than 70-
year study period.

« Theincrease in operatively treated
proximal humerus fractures during the
first decades of the 21st century is
probably attributed to changes in factors
other than fracture complexity.

Introduction

This is an extension of a previous study
where we reported time trends in proxi-
mal humeral fracture (PHF) incidence.” We
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find any prior studies exploring temporal trends in PHF
complexity.

The proportion of individuals treated operatively due
to a PHF has increased during the first decade of the 21st
century.'®'® This is possibly explained by an increase in PHF
complexity, but whether PHF complexity has changed during
this time-period is presently unknown.

The primary aim of this study was to explore possible
time trends in PHF complexity between 1944 and 2020 using
the AO and Neer classification systems. Second, we aimed to
describe PHF complexity in relation to age and sex.

Methods

Malmé is a city in the south of Sweden that had 131,718 adult
inhabitants in 1944, which increased to 273,455 in 2020. The
city has one emergency hospital, the Skane University Hospital
(SUS), where acute fractures were treated throughout the
study period. Referrals, reports, and radiographs have been
saved in the hospital archives since almost a century, and it
is therefore possible to identify persons that have suffered a
fracture during this time. In the current study the first author
classified PHF from the previous study' according to the Neer
and AO classifications.

The Neer classification, devised by Charles S Neer Il in
1970, divides the proximal humerus into four main parts: 1)
humeral head; 2) greater tuberosity; 3) lesser tuberosity; and
4) shaft. Fractures with parts displaced less than 1.0 cm or
angulated less than 45° are, regardless of the level or number
of fracture lines, considered minimally displaced and classified
as Neer 1. If displacement criteria are met for any fragment,
the fracture is classified into one of the other subgroups.
The subgroups are stratified into four types: Neer 1 (non/
minimally displaced); Neer 2 (displaced two-part fracture);
Neer 3 (displaced three-part fracture); and Neer 4 (articular
or four-part fracture).™

The AO classification, initially published in 1987,"
subdivides PHF into 13 subgroups, stratified into three types:
A (extraarticular, unifocal, two-part); B (extraarticular, bifocal,
three-part); and C (articular or four-part).’

From 1944 to the turn of the millennium, both in- and
outpatient radiological examinations performed at the SUS
were archived in an analogue archive and subsequently in
a digital archive. We reviewed the earliest and latest years
available in both archives. Additional years were selected
for uniform distribution. Radiographs from January 1996
to December 2000 were unavailable due to flood damage.
Demographic variables (age, sex, fracture side) were recorded
for everyone.

The first author (AC) reviewed all radiographs with
the code S.F and Brach.F (i.e. a fracture in the shoulder-
and brachialis region) during the years 1944 to 1946, 1952,
1957, 1962, 1967, 1972, 1977, 1981, 1987, 1994, and 1995.
For the years 2005, 2010, 2015, and 2020, we searched in-
and outpatient hospital records for the International Classifica-
tion of Diseases 10%° code S42.2, (i.e. fracture of the upper
end of the humerus). Radiographs of identified persons were
retrieved by use of the unique personal identity number
and then classified by the first author using Sectra IDS7 v.
24.1 (Sectra, Sweden). Only plain radiographs were reviewed.
Malmo residents who suffered a PHF outside Malmé and
attended a follow-up visit at SUS were included, in the same
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way as in previous similar studies from our region.”’ The
classification was then determined based on the follow-up
radiographical examination.

A PHF was defined as a fracture within the proximal
humeral region. The proximal humeral region was defined as
the area created by a square with sides equal to the caput
humeri width."

For each classification system, we used established
overarching types to permit a more synoptic presentation (i.e.
Neer 1to 4 and AO Ato C).””

The least complex fractures are classified as Neer 1 in
the Neer classification, and as type A in the AO classification.
The most complex fractures are classified as Neer 4 in the Neer
classification and as type C in the AO system. We use the term
higher fracture complexity to describe a higher proportion of
fractures classified as Neer 3 or 4 and/or AO types B or C.

To evaluate interobserver agreement, two authors
(an orthopaedic consultant with a subspeciality in shoulder
surgery since 2018 (AC) and one senior shoulder surgeon
(AN)) classified 40 consecutive PHFs using the Neer and
AO classifications. The number of fractures was determined
from previous similar agreement calculations.**** To evaluate
intraobserver agreement, AC repeated the classification of the
same fractures six weeks later. The agreement, described as
percent (Cohen’s kappa (x)),** was in terms of interobserver
agreement for Neer 90% (0.76) and for AO 85% (0.77) and in
terms of intraobserver agreement for Neer 93% (0.81) and for
AO 93% (0.89).

Ethical approval for the study was obtained prior to
study start from the regional ethical review board of Lund
University (LU 2012-394).

Statistical analysis

We used SPSS v. 28.0 (IBM SPSS, USA) and Excel v. 16.67
(Microsoft, USA) for database management. Due to the
long-term study design and the relatively low number of
fractures during each timepoint, we used descriptive rather
than inferential statistics. Trends were evaluated by visual
inspection.

Results

Overall, 2,182 (72%) of the 3,031 fractures were classified as
Neer 1 and 1,748 (58%) as AO type A. Detailed distribution
regarding overarching types and sub-groups are presented in
Table | and sex-specific data is presented in Supplementary
Table I.

Trends in fracture complexity

We did not observe any obvious time trends in fracture
complexity (regardless of classification system or if we
included all data or stratified by sex and age (Figure 1,
Supplementary Figures la to b, and Supplementary Figures lla
to ¢).

Fracture complexity according to AO was higher in
older than younger age groups, which was evident also with
the Neer classification for women. For men according to the
Neer classification however, fracture complexity was higher
in younger than older age groups (Figure 2). Data on frac-
ture subgroup-specific incidence in relation to age for the
two classification systems are presented in the supplement
(Supplementary figure Ill).
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Table I. Distribution of proximal humeral fractures and mean age per overarching type by the Neer and AO classification in 3,031 Malmo residents
aged > 18 years (2,216 women with a mean age of 69 years (SD 14) and 815 men with a mean age of 59 years (SD 17)), during 17 sample years from

1944 to 2020.

Neer AO

Type/Subgroup N (%) Mean age, yrs (SD) Type/Subgroup N (%) Mean age, yrs (SD)
Neer 1* 2,181 (72.0) 66 (16) At 1,748 (57.7) 64(17)
Neer 2* 561 (18.5) 68 (16) Bt 935 (30.8) 70(13)
Neer 3* 163 (5.4) 71(12) Ct 348 (11.5) 70(12)
Neer 4* 126 (4.2) 71(12)

| 2,181 (72.0) 66 (16) Al 614 (20.3) 55(17)
Il 4(0.1) 77 (10) Al1.2 27(0.9) 60 (21)
11l 346 (11.4) 71(14) A2.1 931 (30.7) 70(15)
v 78 (2.6) 68 (16) A2.2 13 (0.4) 77 (13)
Vv 10(0.3) 60 (17) A23 152 (5.0) 68 (16)
Vi 113 (3.7) 60 (17) A3 11(0.4) 66 (15)
Vil 10(0.3) 56 (18) B1.1 903 (29.8) 70(13)
Vil 133 (4.4) 72(12) B1.2 32(1.1) 67 (13)
IX 11(0.4) 71(10) c1.1 196 (6.5) 71(12)
X 16 (0.5) 64 (11) c13 14 (0.5) 76 (9)
Xl 3(0.1) 46 (16) 31 94 (3.1) 69 (14)
Xl 78 (2.6) 70(12) c3.2 41(1.4) 71(12)
Xl 20(0.7) 74 (10) a3 3(0.1) 70(13)
XV 3(0.1) 57(13)

XV 0(0) N/A

XVI 1(<0) 57 (N/A)

XVII 24(0.8) 74(11)

*Neer 1, minimally displaced; Neer 2, displaced two-part; Neer 3, displaced three-part; Neer 4, displaced four-part or articular surface."
tA, Extraarticular, unifocal two-part; B, Extraarticular, bifocal, three-part; C: Articular or four-part.'”

N/A, not applicable.

Discussion

In this extension of our previous study of PHF occurrence,’ we
did not observe any obvious time trends in fracture complex-
ity from the 1940 s until 2020 with the Neer or AQO classification
systems. We found that the age trend in fracture complex-
ity depended on classification system and sex. Higher age
seemed associated with higher fracture complexity for both
men and women according to the AO classification, as well
as for women according to the Neer classification. For men
according to the Neer classification however, younger age
seemed associated with higher fracture complexity.

The current literature on time trends in PHF complex-
ity is scarce. Bengner et al”® described a “slight tendency”
towards more complex fractures in Malmé in the 1980s (73%
Neer 1 (n = 384)) compared to the 1950s (80% Neer 1 (n =
329)). Hypothetically, PHF complexity could have increased
over time, since the average age” and the frequency of
osteoporosis® is higher today compared to the 1940s. Our
finding of a similar fracture complexity from the 1940s to
2020 has, to our knowledge, not previously been reported.
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While an increase in operative treatment of PHFs during the
first decade of the 21* century has been documented in
prior studies,'”'** the underlying drivers of this change are
unknown. Since fracture complexity seems stable over time,
other causes such as changes in indications and introduction
of new technologies'’'® (locking plates, reversed shoulder
arthroplasty) could be possible explanations for the increase
in operative treatment.

The mean age and men:women ratio in the current
study was 3:7, similar to a Scottish study from 2001.% The
authors, however, reported 49% Neer 1 (in 1,027 PHFs),
whereas we found 72% (Table I). A weakness in the Scot-
tish study is that data on intra- or interobserver agreement
were not presented.? Neer, in his original study from 1970,
reported 85% Neer 1 fractures,' but subsequent epidemio-
logical studies®'''* (Supplementary Table Il) have not been
able to confirm this high proportion,'* and the figures have
recently been questioned.” Previous studies have reported an
interobserver agreement of the Neer classification between
fair (x 0.21 to 0.40) to moderate (k 0.41 to 0.60).%2%* We found
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Fracture distribution and incidence rates per year-group for proximal humeral fractures in Malmé residents aged > 18 years during 17 sample years
from 1944 to 2020. On the primary y-axis, fracture distribution based on incidence is presented as stacked percent per fracture subgroup while
incidence rates per 100,000 person years are presented on the secondary y axis. Data are sex- and age-adjusted for the entire cohort (left) and
age-adjusted for men (middle) and women (right). Panel A depicts classification according to Neer, and B according to AO. Data labels represent

fracture numbers.

a substantial interobserver agreement (k = 0.76). The large
variation in interobserver agreement between studies may
contribute to the apparent differences in the proportion of
Neer 1 fractures as may differences in year of data collection,
population of examination, and geographical area.

The Scottish study® also reported the fracture distribu-
tion by the AO classification with 66% type A, 27% type B,
and 6% type C fractures. Corresponding figures from another
Swedish study examining year 2011 to 2013 (in 1,582 PHF),
were 45% type A, 44% type B, and 11% type C fractures,” while
a German study'® examining year 2006 to 2011 (in 815 PHF)
found 46% type A, 22% type B and 32% type C fractures. The
high proportion of type C fractures in the German study may
be attributed to its setting in a level 1 trauma centre since 183
(22%), presumably complex fractures, of the included patients
were referred from other hospitals. In the current study, we
found 58% type A, 31% type B, and 12% type C fractures
(Supplementary Table Il). The slight (kx = 0.11) interobserver
agreement of the AO classification reported by Majed et al*
is a possible contributor to the found differences. We found
a substantial interobserver agreement (kx = 0.77) while several
studies”® do not report the intra- or interobserver agreement.
The Swedish study,” based on the Swedish Fracture Register
(SFR), is contrasted by the Scottish study,® as well as the
current study, in which all fractures were classified by the same
physician. Varying level of experience of classifiers between

No obvious time trend in proximal humeral fracture complexity
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studies could thus have contributed to the different results.
Complex fractures may also be more likely to be registered
in the SFR, as the chance of registration probably increases
with more follow-up visits and more operative procedures.
This may also have contributed to the higher proportion of
type B than type A fractures in the Swedish study compared to
the current and other studies.®

Fracture classification distribution in previous studies
from Scotland,® Japan,” Germany,'® France,'” Sweden,” and
Spain'' in relation to the findings from the current study is
presented in chronological order in Supplementary Table II.
Compared to these studies, the fractures in the current study
were generally of lower complexity according to the Neer
classification and of similar complexity according to the AO
classification.”"

Higher age seemed associated with higher fracture
complexity for both men and women according to the
AO classification, as well as for women according to the
Neer classification. This is in line with previous studies.''**’
Explanations for this may include a more fragile skeleton and
an inferior ability to parry a fall at higher than younger age,
resulting in more complex fractures. For the Neer classifica-
tion in men we found, however, that younger age seemed
associated with higher fracture complexity, in line with results
from Germany.*' This seems partly driven by Neer group VI
(i.e. isolated greater tuberosity fractures with concomitant
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Fracture distribution and incidence rates per age group for proximal humeral fractures in Malmo residents aged = 18 years during 17 sample years
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incidence rates per 100,000 person years are presented on the secondary y-axis. Data are sex-adjusted for the entire cohort (left). Panel A depicts
classification according to Neer and B according to AO. Data labels represent fracture numbers.

shoulder dislocation), that stands out in men aged < 50 years
(11%) in a secondary review of our material compared to all
individuals with a PHF (4%). Passaretti et al** reported on the
PHF trauma mechanism in Rome, Italy, between 2013 and
2016 (in 711 PHFs), and found a dominance of men in sports-
and high energy-trauma and a dominance of women in
low-energy trauma. We therefore speculate that men tend to
suffer more complex fractures, especially Neer VI, at younger
age, possibly due to high-energy trauma, while women may
rather suffer more complex fractures at older age, largely
related to low-energy trauma. A possible explanation for why
women sustain more complex fractures at older ages is a more
fragile skeleton (i.e. osteoporosis), which is more common in
older than younger women.”

Our inter- and intraobserver agreement is higher than
most prior studies.?>**** Sidor et al*’, however, reported an
intraobserver agreement for Neer classification by a shoulder
specialist similar to ours. Brorson et al** also demonstrated
that educating a group in the Neer classification improved
the interobserver agreement from fair to substantial. Part of
the explanation to our high agreement might be that the first
author (AC) is a shoulder specialist and was also specifically
trained in PHF classification prior to study start by a senior
expert (AN).

Strengths of the current study include the study period
of almost 80 years, since time trend data for fracture complex-
ity is relatively limited and short-term in the present litera-
ture. Additionally, the fact that the same shoulder surgeon

1010

reviewed and classified all fractures, with high intra- and
interobserver agreements, should also be regarded as a
strength.

The findings of this study may not be generalizable to
very different settings. However, given Sweden’s high fracture
incidence,® our results might provide valuable insights into
fracture epidemiology and enable detection of emerging
trends.

Study limitations include the use of two case-finding
strategies, one in the analogue and another in the digital
archive. The analogue archive is not validated, as no obvious
gold standard comparator is available. However, we observed
examinations in the analogue archive from the beginning of
January until the end of December in every examined year, as
well as consecutive label numbers. The case finding strategy
in the digital archive has previously been validated in our
setting, with a misclassification rate of about 3%, leading
to a possible small underestimation of the true incidence.”
Another weakness is that we, due to constraints in time and
resources, did not analyze every year of the study period.
Additionally, some individuals with a PHF who did not reside
in Malmo were probably included if they underwent radiologi-
cal examinations there between 1944 and 1995. However, data
from 1981 (where more comprehensive individual information
is available), indicate that only 1.0% of PHF patients lived
outside Malmg, suggesting only a possible minor overesti-
mation in earlier years. Conversely, Malmé residents who
sustained a PHF elsewhere are likely included due to follow-up

Bone & JointOpen  Volume 6,No.9  September 2025



visits and radiological exams conducted upon their return. It
would have been advantageous with an even larger study,
including more fractures, especially for unusual fracture types
and for smaller sex-specific age groups.

In conclusion, we saw no obvious time trend in
fracture complexity with the Neer or AO classification systems
between 1944 to 2020 in Malmo, Sweden. Fracture complexity
according to AO was higher in older than younger age groups,
which was true also with the Neer classification for women.
For men according to the Neer classification however, fracture
complexity was higher in younger than older age groups. The
increase in operatively treated PHFs during the first decades
of the 21st century is thus probably attributed to changes in
other factors than fracture complexity.

Supplementary material

Figures showing fracture distribution and incidence rates per time
period for Malmo residents aged under 50 years and aged 50 years
and older, proximal humeral fracture subgroup-specific incidence
per time period, and tables showing sex-specific distribution of
proximal humeral fractures and mean age per overarching type and
subgroup according to the Neer and AO classifications, as well as a
table comparing fracture distribution according to the Neer and AO
classifications in the present study to other similar studies.

References

1. Cederwall A, Karlsson MK, Rosengren BE. Time trends in proximal
humeral fractures from 1944 to 2020 - A cohort study in Malmg,
Sweden. BMC Musculoskelet Disord. 2024;25(1):491.

2. Kannus P, Niemi S, Sievanen H, Parkkari J. Stabilized incidence in
proximal humeral fractures of elderly women: nationwide statistics from
Finland in 1970-2015. J Gerontol A Biol Sci Med Sci. 2017;72(10):1390—
1393.

3. Kannus P, Palvanen M, Niemi S, Sievanen H, Parkkari J. Rate of
proximal humeral fractures in older Finnish women between 1970 and
2007. Bone. 2009;44(4):656-659.

4. Leino OK, Lehtimiki KK, Makela K, Adrimaa 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):150-156.

5. Brorson S, Viberg B, Gundtoft P, Jalal B, Ohrt-Nissen S. Epidemiology
and trends in management of acute proximal humeral fractures in
adults: an observational study of 137,436 cases from the Danish National
Patient Register, 1996-2018. Acta Orthop. 2022;93:750-755.

6. Dimai HP, Svedbom A, Fahrleitner-Pammer A, et al. Epidemiology of
proximal humeral fractures in Austria between 1989 and 2008.
Osteoporos Int. 2013;24(9):2413-2421.

7. Bergdahl C, Ekholm C, Wennergren D, Nilsson F, Moller M.
Epidemiology and patho-anatomical pattern of 2,011 humeral fractures:
data from the Swedish Fracture Register. BMC Musculoskelet Disord.
2016;17:159.

8. Court-Brown CM, Garg A, McQueen MM. The epidemiology of
proximal humeral fractures. Acta Orthop Scand. 2001;72(4):365-371.

9. Tamai K, Ishige N, Kuroda S, et al. Four-segment classification of
proximal humeral fractures revisited: a multicenter study on 509 cases. J
Shoulder Elbow Surg. 2009;18(6):845-850.

10. Bahrs C, Stojicevic T, Blumenstock G, et al. Trends in epidemiology
and patho-anatomical pattern of proximal humeral fractures. Int Orthop.
2014;38(8):1697-1704.

11. lIglesias-Rodriguez S, Dominguez-Prado DM, Garcia-Reza A, et al.
Epidemiology of proximal humerus fractures. J Orthop Surg Res. 2021;
16(1):402.

12. Roux A, Decroocq L, El Batti S, et al. Epidemiology of proximal
humerus fractures managed in a trauma center. Orthop Traumatol Surg
Res. 2012;98(6):715-719.

No obvious time trend in proximal humeral fracture complexity
A. Cederwall, A. Nordqvist, M. K. Karlsson, B. E. Rosengren

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

33.

34.

35.

36.

Bengnér U, Johnell O, Redlund-Johnell I. Changes in the incidence of
fracture of the upper end of the humerus during a 30-year period. A
study of 2125 fractures. Clin Orthop Relat Res. 1988;1988(231):179-182.
Neer CS. Displaced proximal humeral fractures. J Bone Joint Surg Am.
1970;52-A(6):1077-1089.

Meinberg EG, Agel J, Roberts CS, Karam MD, Kellam JF. Fracture and
dislocation classification compendium-2018. J Orthop Trauma. 2018;32
Suppl 1:51-S170.

Bell J-E, Leung BC, Spratt KF, et al. Trends and variation in incidence,
surgical treatment, and repeat surgery of proximal humeral fractures in
the elderly. J Bone Joint Surg Am. 2011;93(2):121-131.

Huttunen TT, Launonen AP, Pihlajamaki H, Kannus P, Mattila VM.
Trends in the surgical treatment of proximal humeral fractures - a
nationwide 23-year study in Finland. BMC Musculoskelet Disord. 2012;
13:261.

Sumrein BO, Huttunen TT, Launonen AP, Berg HE, Fellander-Tsai L,
Mattila VM. Proximal humeral fractures in Sweden-a registry-based
study. Osteoporos Int. 2017;28(3):901-907.

Muller M, Nazarian S, Koch P. Classification AO Des Fractures. Tome |. Les
Os Longs. 1st Ed. Berlin: Springer-Verlag, 1987.

No authors listed. International statistical classification of diseases and
related health problems. World Health Organization. 2016. https:/icd.
who.int/browse10/2016/en (date last accessed 20 August 2025).
Lempesis V, Rosengren BE, Nilsson J-A, Landin L, Tiderius CJ,
Karlsson MK. Time trends in pediatric fracture incidence in Sweden
during the period 1950-2006. Acta Orthop. 2017;88(4):440-445.
Bernstein J, Adler LM, Blank JE, Dalsey RM, Williams GR, lannotti JP.
Evaluation of the Neer system of classification of proximal humeral
fractures with computerized tomographic scans and plain radiographs. J
Bone Joint Surg Am. 1996;78-A(9):1371-1375.

Sidor ML, Zuckerman JD, Lyon T, Koval K, Cuomo F, Schoenberg N.
The Neer classification system for proximal humeral fractures. An
assessment of interobserver reliability and intraobserver reproducibility.
JBone Joint Surg Am. 1993;75-A(12):1745-1750.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977,33(1):159-174.

Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing popula-
tions: the challenges ahead. Lancet. 2009;374(9696):1196-1208.

Naso CM, Lin S-Y, Song G, Xue H. Time trend analysis of osteoporosis
prevalence among adults 50 years of age and older in the USA,
2005-2018. Osteoporos Int. 2025;36(3):547-554.

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):1713-1721.

Brorson S. How many shoulder fractures are displaced? How a
misleading statement became orthopedic knowledge. Acta Orthop.
2023;94:328-329.

Brorson S, Olsen BS, Frich LH, et al. Surgeons agree more on treatment
recommendations than on classification of proximal humeral fractures.
BMC Musculoskelet Disord. 2012;13:114.

Majed A, Macleod |, Bull AMJ, et al. Proximal humeral fracture
classification systems revisited. J Shoulder Elbow Surg. 2011;20(7):1125-
1132.

Bahrs C, Bauer M, Blumenstock G, et al. The complexity of proximal
humeral fractures is age and gender specific. J Orthop Sci. 2013;18(3):
465-470.

Passaretti D, Candela V, Sessa P, Gumina S. Epidemiology of proximal
humeral fractures: a detailed survey of 711 patients in a metropolitan
area. J Shoulder Elbow Surg. 2017;26(12):2117-2124.

Sarafrazi N, Wambogo EA, Shepherd JA. Osteoporosis or low bone
mass in older adults: United States, 2017-2018. NCHS Data Brief.
2021;2021(405):1-8.

Brorson S, Hrébjartsson A. Training improves agreement among
doctors using the Neer system for proximal humeral fractures in a
systematic review. J Clin Epidemiol. 2008;61(1):7-16.

Brorson S, Bagger J, Sylvest A, Hrobjartsson A. Improved interob-
server variation after training of doctors in the Neer system. A rando-
mised trial. J Bone Joint Surg Br. 2002;84-B(7):950-954.

Kanis JA, Odén A, McCloskey EV, et al. A systematic review of hip
fracture incidence and probability of fracture worldwide. Osteoporos Int.
2012;23(9):2239-2256.

1011


https://icd.who.int/browse10/2016/en
https://icd.who.int/browse10/2016/en

Author information

A. Cederwall, MD, PhD Student, Orthopeadic Surgeon

A. Nordqvist, MD, Associate Professor, Orthopeadic Surgeon

M. K. Karlsson, MD, Professor, Orthopeadic Surgeon

B. E. Rosengren, MD, Professor, Orthopeadic Surgeon

Clinical and Molecular Osteoporosis Research Unit, Departments
of Orthopedics and Clinical Sciences, Skane University Hospital
Malmo and Lund University, Malmo, Sweden.

Author contributions

A. Cederwall: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Visualization,
Writing - original draft, Writing - review & editing.

A. Nordqvist: Methodology, Supervision, Validation, Writing -
review & editing.

M. K. Karlsson: Conceptualization, Methodology, Project

administration, Supervision, Validation, Writing - review & editing.

B. E. Rosengren: Conceptualization, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Supervision, Validation, Writing - original draft,
Writing - review & editing.

Funding statement

The author(s) disclose receipt of the following financial support
for the research, authorship, and/or publication of this article:
Stiftelsen Guldbyxan (2025), ALF (2022/0286), FoUU (2022/1539),
and Skane University Hospital Foundations (2022). Funders had
no influence on study design, data collection, data analysis,
interpretation of data, writing of the report, or decision on where
to submit the paper.

ICMJE COIl statement
The authors have no conflicts of interest to disclose.

1012

Data sharing

The data that support the findings for this study are available
to other researchers from the corresponding author upon
reasonable request.

Acknowledgements
The authors acknowledge Lars Jehpsson for statistical advice.

This text has, in part, been produced with the assistance

the generative Al model Microsoft Copilot. The corresponding
author, A. Cederwall, processed the generated text and takes full
responsibility for the content.

Ethical review statement

Ethical approval for the study was obtained prior to study start
from the regional ethical review board of Lund University (LU
2012-394).

Open access funding
The open aceess fee was funded by Lund University Library,
Department of Scholarly Communication.

© 2025 Cederwall et al. This article is distributed under the terms
of the Creative Commons Attributions (CC BY 4.0) licence (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium or format,
provided the original author and source are credited.

Bone & Joint Open  Volume 6, No. 9

September 2025


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

