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Abstract

Background: Proximal humerus fractures are one of the main osteoporotic fractures. Choosing between conserva-
tive or surgical treatment is a controversial topic in the literature, as is the functional impact. The main aim of our
study was to analyse whether patient comorbidities should influence the final therapeutic decision for these fractures.

Material and methods: We collected data from 638 patients with proximal humerus fractures. The main variable
collected was exitus. We also collected the following data: age, gender, type of fracture, laterality, type of treatment,
production mechanism, comorbidities and the Charlson comorbidity index (CCl) for each patient. The therapeutic
indication used the criteria established by the Upper Limb Unit in our centre. We performed chi-square tests, Fischer's
exact tests and Student’s t-tests to compare the variables. We used the Kaplan—-Meier method to analyse both the
overall and disease-specific survival rates. We employed the Cox regression model to analyse factors associated with
mortality.

Results: Patients with a CCl greater than 5 showed greater mortality (HR =3.83; p <0.001) than those with a CCl
lower than 5. Within the patients who underwent surgery, those with a CCl higher than 5 had an increased mortality
rate (HR =22.6; p<0.001) compared with those with a CCl lower than 5. Within the patients who received conserva-
tive treatment, those with a CCl over 5 showed greater mortality (HR =3.64; p <0.001) than those with a CCl under 5.
Conclusions: Patients with proximal humerus fractures and associated comorbidities (CCl > 5) presented higher
mortality than healthier patients. This mortality risk was greater in patients with comorbidities if surgical treatment
was indicated rather than conservative treatment. Patient’s comorbidities should be a fundamental parameter when
planning the therapeutic strategy.

Level of evidence: Level 3.
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Introduction

Proximal humerus fractures (PHF), after proximal femur
and distal radial fractures, represent the third most com-
mon fracture in patients over the age of 65 years [1]. They

account for 5-6% of all fractures [2, 3], and are more fre-
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fractures [6, 7]. In fact, it has been observed that an
increase in the risk of falls is accompanied by a higher
rate of hip fractures and PHFs [8] and increasing num-
bers of surgical treatments of these fractures have been
observed over recent years [9]. This explains why studies
of the functional impact and results of these operations
have also increased.

Many articles have reviewed functional results after the
management of this pathology [10-12], but only a few
have analysed mortality related to PHFs and their differ-
ent treatments. In addition, most of these articles have
focused on inpatients or on patients undergoing sur-
gery [13], and only a few studies have investigated both
inpatients and outpatients [4, 14]. Neuhaus et al. [15]
noted that factors such as aging, heart failure or chronic
alcoholism are associated with adverse events in those
patients hospitalised due to PHFs, and that intubation,
ischemic heart disease or malignant disease are associ-
ated with in-hospital mortality. Ferndndez-Cortifias et al.
[16] noted that patients diagnosed with PHF and comor-
bidities, specifically those with a CCI greater than 5, have
a significantly higher mortality rate than patients with
lower CCL

The CCI, which consists of stratifying the overall mor-
tality risk of patients according to 19 items relating to
their comorbidities, is one of the most used mortality
predictors [17]. Nowadays, it is starting to be used in
trauma patients, [18—20] and particularly in patients with
PHFs [21, 22].

The objective of this study was to evaluate the mor-
tality risk in patients with PHF who underwent surgical
or non-surgical treatment, while also considering the
patient’s characteristics and comorbidities and the com-
plexity of the fractures.

Material and methods

We performed a retrospective observational study (Level
of Evidence III), obtaining the data on all patients diag-
nosed with PHF and treated in our hospital over 3 years
(from January 1st, 2016 to December 31st, 2018). Our
hospital is a tertiary centre for trauma patients and
provides care to a population of about 470,000 inhabit-
ants, including both urban and rural areas. We obtained
data from the patients’ electronic medical records. This
ensured the traceability of all the care visits made by
patients in the National Public Health System.

Inclusion criteria

All patients who suffered a proximal humerus fracture
and were diagnosed and treated in our centre in the study
period.
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Exclusion criteria

Patients under the age of 18 years old, pregnant women,
polytraumatized patients, patients with pathologic frac-
tures and those who did not receive follow-up care in our
centre.

Variables

The main variable collected during the follow-up was exi-
tus. Other variables that we collected were the patient’s
age and gender. We also assessed the type of fracture,
which was evaluated and classified radiologically by five
independent observers (general orthopaedic surgeons),
according to the classifications of Neer and of the Arbe-
itsgemeinschaft fiir Osteosynthesefragen/Orthopaedic
Trauma Association (AO/OTA) [23, 24]. We took anter-
oposterior and modified transthoracic supine lateral view
X-rays of all the included patients. We performed a CT
scan only to plan the surgery. We recorded the fracture
laterality and the production mechanism: high-energy
(traffic accidents, falls from over 3 m high) or low-energy
(minor trauma, falls from less than 3 m high).

In addition, we also recorded each patient’s comorbidi-
ties prior to fracture, including cardiovascular diseases,
neurological and psychiatric disorders, diabetes mellitus,
osteoporosis, alcohol and tobacco abuse, as well as other
endocrine, rheumatic and neoplastic diseases. We also
calculated the CCI. Finally, we also recorded the type of
treatment we used; both conservative and surgical.

The average follow-up time was 30 months, with a min-
imum of 15 and a maximum of 50 months.

Therapeutic decision

We selected the surgical treatment according to the cri-
teria of the Upper Limb Unit of the Trauma and Ortho-
paedics service in our centre. These criteria are similar to
those described by Ferndndez-Cortifias et al. [16], indi-
cating surgery for displaced fractures whose parts con-
tact less than 50% and/or with a variation of normal
cervico-diaphyseal angle of more than 40° and/or with
various deformities. These patients underwent surgery
under general anaesthesia and nerve blocks, either by
open reduction and internal fixation with osteosuture,
Kirschner needles, blocking plates or intramedullary
nailing, or by reverse total shoulder arthroplasty. Five dif-
ferent shoulder surgeons performed the operations.

We indicated conservative treatment when these cri-
teria were not met or when the patient could not be
operated on, according to anaesthetic criteria, due to
comorbidities. This treatment consisted of immobilisa-
tion with a sling with anti-rotation webbing for 3 weeks.

In addition, all patients from both groups followed
a program of physiotherapy exercises consisting of
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pendular exercises from the first week, passive range-
of-motion exercises without exceeding 90° flexion and
abduction from the second week, and finally active and
active-assisted exercises from the third week, according
to tolerance.

We conducted this study according to the Good Clini-
cal Practice guidelines and the principles of the Declara-
tion of Helsinki. The study protocol and data registration
from the clinical records of patients were approved by the
local Ethics Committee.

Statistical analysis

We conducted a descriptive analysis of the variables with
frequencies (percentages) and measures of central ten-
dency (mean and standard deviation). We performed
chi-square tests, Fischer’s exact tests and Student’s
t-tests to compare these variables between the different
groups of patients. We used the Kaplan—Meier method
to analyse both the overall and disease-specific survival
rates, and the log-rank test to compare the survival rate
between different groups. We employed the Cox regres-
sion model to analyse factors associated with mortality
and expressed them as hazard ratios (HR) with 95% con-
fidence intervals (CI). We considered differences with a p
<0.05 as statistically significant. We conducted the analy-
ses using SPSS v24.0 (IBM®).

Results

We reviewed a total of 638 patients that met all the
inclusion criteria. The youngest patient was 18 years
old and the oldest 101 years old, with a mean age of
70.4 £ 14.8 years. Three hundred and thirty-eight patients
(53.3%) were over 70 years old. The average follow-up
time was 30.2+11.1 months. Four hundred and ninety-
five patients (77.6%) were women. The humerus frac-
ture was the result of a low-energy trauma in almost all
patients (96.2%) (Table 1).

We found 331 fractures (51.9%) in the right proximal
humerus. As regards classifications, the most frequent
AO-OTA type [24] was type A (49.2%). We found 43.1%
type B fractures, and 7.7% type C. According to the Neer
classification [23], 2-part fractures were the most fre-
quent (32.3%). Then, in order of frequency, we found
3-part fractures (30.9%), non-displaced fractures (24.3%),
4-part fractures (6.9%) and finally 5.6% of fractures
occurring as proximal humerus fracture-dislocations.

Most patients (80.4%) received conservative treatment.
Within the patients who underwent surgery (19.6%), the
most common practice was osteosynthesis (76 patients,
66.7%), with locking plates being the most frequent (47
patients, 37.6%), followed by intramedullary nailing (16
patients, 12.8%). We treated a total of 36 patients (28.8%)
with shoulder arthroplasty.
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With regard to the comorbidities, we calculated the
age-adjusted CCI for each patient. The average CCI was
3.71+3.85. We stratified our sample into two groups:
patients with a CCI between 0 and 5 (82.1%) and patients
with a CCI higher than 5 (17.9%). In addition, 51.6% of
patients had prior cardiovascular diseases, 29.4% a psy-
chiatric or neurological disorder, 5.8% were obese, 17.1%
suffered from diabetes mellitus, 9.9% were undergoing
treatment for osteoporosis, 6.9% had rheumatic diseases
and 14.1% had endocrine diseases.

As regards mortality (Table 2), we recorded a total of
56 deaths (8.8%) up to the final date of data collection.
The median overall survival was 46.57 months (95% CI
45.71-47.43). We saw greater mortality [HR =3.83 (95%
CI: 2.15-6.81); p < 0.0001] in patients with a CCI higher
than 5. These patients presented a median survival time
of 39.34 months (95% CI 36.22—-42.47), which was lower
than the average survival of patients with CCI under 5,
which was 48.16 months (95% CI 47.44—48.88).

There were no significant differences in the mortal-
ity risk (p = 0.221) between patients that received con-
servative treatment (9.6% exitus) as opposed to those that
received surgical treatment (5.6% exitus). In the subgroup
analysis, we saw that, within the group of patients that
received conservative treatment, those with a CCI higher
than 5 had a higher risk of mortality [HR =3.64 (95% CI
1.97-6.76); p <0.0001] than patients with a CCI under 5.
This increase in the mortality risk in patients with more
comorbidities with respect to the healthier ones turned
out to be much higher in the group of patients that
received surgical treatment [HR = 22.6 (95% CI 3.93—
129.95); p <0.0001].

In the group of patients with a CCI higher than 5, the
average survival was 28.51 months (95% CI 26.09-31)
when conservative treatment was decided upon, but
when the decision was surgical treatment, the average
survival was 22.2 months (95% CI 14—29.67). There were
no differences in the mortality risk [HR =0.56 (95% CI
0.13-2.38), p = 0.44].

We noted that patients over 70 years old had a higher
mortality risk [HR =2.84 (95% CI 1.31-6.15); p =0.008]
than those aged 70 years or younger (Fig. 1). The median
survival of patients over 70 years old was 44.58 months
(95% CI 43.14—46.03), while the others had a median sur-
vival time of 48.85 months (95% CI 48.12—-49.58).

Regarding the analysis of mortality risk of the different
comorbidities, the multivariate Cox regression model,
adjusted for age, type of fracture and CCI only showed
statistical significance in the mortality risk of patients
with neurological or psychiatric disorders [HR =2.41
(95% CI 1.40-4.12); p <0.0001]. There were no statisti-
cally significant differences for mortality risk in the other
comorbidities studied.
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Table 1 Sociodemographic characteristics and differences between groups

Total (n = 638) Alive (n = 582) Deceased (n = 56) p value?
Gender
Female 495 (77.6%) 446 (90.1%) 49 (9.9%) 0.063
Male 143 (22.4%) 136 (95.1%) 7 (4.9%)
Age (years)
18-70 300 (46.7%) 291 (97%) 9 (3%) 0.0001
>70 338 (53.3%) 291 (86.1%) 47 (13.9%)
Laterality
Right 331(51.9%) 303 (91.8%) 28 (8.2%) 0.77
Left 307 (48.1%) 279 (90.9%) 28(9.1%)
Type of trauma
Low-energy 614 (96.2%) 560 (91.2%) 54 (8.8%) 0.987
High-energy 23 (3.6%) 21 (91.3%) 2 (8.7%)
Season
Autumn-Winter 313 (49.1%) 281 (89.8%) 32 (10.2%) 0.205
Spring—Summer 325 (50.9%) 301 (92.6%) 24 (7.4%)
Neer classification
Non-displaced and 2-parts 361 (56.6%) 322 (89.2%) 39 (10.8%) 0.03
3- or 4-part and fracture-dislocation 277 (43.4%) 260 (93.9%) 17 (6.1%)
AO-OTA classification
Type A 314 (49.2%) 282 (89.8%) 32 (10.2%) 0453
Type B 275 (43.1%) 255 (92.7%) 20 (7.3%)
Type C 49 (7.7%) 45 (91.8%) 4 (8.2%)
Treatment
Conservative 513 (80.4%) 464 (90.4%) 49 (9.6%) 0.187
Surgical 125 (19.6%) 118 (94.4%) 7 (5.6%)
Locking plate 47 (37.6%) 46 (97.9%) 1(2.1%)
Endomedullary nail 16 (12.8%) 14 (87.5%) 2 (12.5%)
Kirschner needle 9 (7.2%) 9 (100%) 0
Reversed total arthroplasty 36 (28.8%) 33 (91.7%) 3(8.3%)
Others 17 (13.6%) 16 (94.1%) 1 (5.9%)
Comorbidities
Cardiovascular 329 (51.6%) 286 (86.9%) 43 (13.1%) 0.0001
Neurological-psychiatric 187 (29.4%) 156 (83.4%) 31 (16.6%) 0.0001
Smoking-alcoholic abuse 46 (7.2%) 41 (89.1%) 5(10.9%) 0.603
Obesity 37 (5.8%) 33 (89.2%) 4(10.8%) 0.652
Diabetes 109 (17.1%) 95 (87.2%) 14 (12.8%) 0.101
Osteoporosis 63 (9.9%) 60 (95.2%) 3 (4.8%) 0.235
Rheumatologic 44 (6.9%) 42 (95.5%) 2 (4.5%) 0317
Endocrinologic 90 (14.1%) 79 (87.8%) 11(12.2%) 0213
Charlson comorbidity index
CClo-5 524 (82.1%) 500 (95.4%) 24 (4.6%) 0.0001
CCl>5 114 (17.9%) 82 (71.9%) 32 (28.1%)
Mean 3.71+3.85 349439 64231 0.0001°

Bold values with statistically significant differences (p < 0.05)
2 p value for Chi-square test for comparison of proportions between groups

b p value for t Student test for comparison of means between groups

We divided the patients into two groups according to  fractures included non-displaced fractures and 2-part
the Neer classification. The first group of less complex fractures. The group of greater complexity included
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Table 2 Mortality risk factors in multivariate Cox regression
survival analysis

HR [Cl 95%] p value
Age > 70 years old 2.84[1.31-6.15] 0.008
3- or 4-part and fracture-dislocation 0.5 [0.281-0.89] 0.018
Charlson CCl > 5 3.83[2.15-6.81] 0.001
Neurological-psychiatric comorbidities 241 [140-4.12] 0.0001

HR hazard ratio; Cl 95% confidence interval 95%

3- and 4-part fractures and fracture-dislocations. We saw
that patients with 3- and 4-part fractures and fracture-
dislocations had a lower mortality risk [HR =0.5 (95% CI
0.281-0.89); p = 0.018] than patients with non-displaced
fractures and 2-part fractures. More complex fractures
had an average survival time of 47.69 months (95% CI
46.63—48.75) while most simple fractures had an aver-
age survival time of 45.73 months (95% CI 44.46—46.99).
In the subgroup analysis, this effect was not statistically
significant in patients undergoing surgery (p =0.596),
but it was in patients receiving conservative treatment (p
=0.026).

We found no statistically significant differences within
the surgically treated group for exitus (p = 0.794), among
the osteosynthesis group (4.2%) or the arthroplasty group
(8.3%). There were no differences in the mortality risk
either [HR =2.048 (95% CI 0.41-10.18), p =0.381].
Analysing the age distribution in these two groups, we
detected that the group treated with arthroplasty pre-
sented a significantly higher proportion of patients older
than 70 years than the group treated with osteosynthe-
sis (66.7% versus 38.5%, p <0.0001). Likewise, as regards
fracture complexity, we noted that the arthroplasty group
had a significantly higher proportion of 3- and 4-part
fractures and fracture-dislocations than the osteosynthe-
sis group (88.9% compared with 54.2%, p <0.0001).

Discussion
Mortality in PHFs has been significantly associated with
old age, cardiovascular problems and even alcohol abuse,
which alters the inflammatory response to injury [25].
In our study, we observed that patients over the age of
70 years had a higher risk of mortality (HR =2.84) than
younger patients. However, we did not find any relation-
ship between mortality and diabetes mellitus or alcohol
abuse. Nevertheless, we were limited by the fact that
alcohol abuse is complex to establish, since it is not usu-
ally recognised or is not recorded exhaustively in the
electronic medical records. In our sample, we recorded
alcohol abuse along with tobacco consumption, and
obtained a prevalence of 7.2%.

As regards the treatment for PHFs, a recent Cochrane
Review (2015) [26] provides high or moderate quality
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evidence that, when compared with non-surgical treat-
ment, surgery does not give better results 1 or 2 years
after the injury in patients with displaced PHFs, includ-
ing the neck of the humerus, and these fractures are
likely to lead to greater subsequent need for surgery.
Neuhaus et al. [15] note that open reduction and internal
fixation of these fractures is associated with a high risk
of adverse events and increased mortality compared with
conservative treatment, and add that surgical treatment
involves significant short-term risks that must be taken
into account when making decisions, especially with
elderly patients. In the field of arthroplasty, Rotman et al.
[27] compared conservative treatment with reverse total
shoulder arthroplasty in patients with complex displaced
PHE. They found no significant differences in mortality
over a year, although they reported a trend that shows
lower mortality with arthroplasty, especially in men.

Like most authors, we did not find statistically sig-
nificant differences in the mortality risk between those
patients who received conservative treatment and those
who underwent surgery. Dabija et al. [28] noted that
arthroplasty has a greater need for surgical reoperation
compared with conservative treatment and osteosyn-
thesis. Reinier-Beks et al. [29] concluded that there are
more complications requiring reoperation after surgery
of a displaced fracture of the humerus, without having
improved functional outcomes. They do not, therefore,
recommend surgery in patients over 65 years with dis-
placed PHE. Similarly, the ProFHER randomised clinical
trial by Rangan et al. [30] found no significant differences
in functionality between conservative and surgical treat-
ment in patients with displaced fractures of the surgical
neck. In contrast, Lander et al. [31] recently concluded
that there is lower mortality in patients with PHF under-
going surgery, although their study included only patients
who were hospitalised and were over 60 years old.

Analysing those patients undergoing surgery, we
found no significant differences in mortality between
patients undergoing osteosynthesis (plates, intramedul-
lary nailing, Kirschner wire) or reverse total shoulder
arthroplasty. The group that was treated with arthro-
plasty had statistically significantly more patients older
than 70 years (66.7%), and the vast majority (88.9%) had
3- or 4-part fractures or fracture-dislocations. We have
not found other studies that compare mortality directly
between both types of surgery in patients with PHF.
Only Dixit et al. [32] observed no significant difference
as regards mortality between osteosynthesis and arthro-
plasty in open PHE.

In assessing the CCI in our study, we observed that
patients with a score above 5 had a significantly higher
mortality risk (HR =3.83) than patients with a lower
score. This finding is in line with Myeroft et al. [33],
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Fig. 1 The graphs show Kaplan-Meier survival curves for A overall survival, B type of fracture, C age and D Charlson comorbidity index

who reported that an increase of one point in the
CCI is associated with an increase in mortality of up
to 40% in patients with PHFs. Ferndndez-Cortifias al.
[25] showed that patients with multiple comorbidities
(high CCI) who underwent surgery had a higher risk of

mortality (HR =6.9) than patients in the same group
who underwent conservative treatment (HR =4.1).

In addition, in a recent meta-analysis with more than
70,000 patients, Floyd et al. [34] noted that high rates
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of surgery are associated with an increased mortality
risk in the first year, and this is especially pronounced
in aged cohorts and in those with many comorbidi-
ties. In our case we observed a greater difference. We
noted that, when receiving surgical treatment, patients
with multipathological problems (CCI >5) had a much
higher mortality risk (HR =22.6) than those who had
received conservative treatment (HR =3.66), com-
pared with the group of healthier patients (CCI <5).
These findings suggest that surgical treatment in
patients with multipathological problems increases
mortality considerably and strengthens the theory
that the CCI is a valid predictor tool of mortality in
patients with PHFs [22]. Therefore, we recommend
considering the patient’s preoperative comorbidities as
a fundamental parameter to decide between one treat-
ment or the other, in the same way as other parameters
such as the type of fracture, the extension and angula-
tion, the functional state of the patient or other health
considerations.

Both the AO-OTA and the Neer classifications [23, 24]
remain complex and even more advanced imaging sys-
tems have not made it possible to improve interobserver
reproducibility [35]. Nevertheless, it has been pointed
out that the Neer classification is reproducible enough to
allow comparisons between different studies [36].

The degree of complexity of PHFs, classified accord-
ing to Neer, has been valued on many occasions in rela-
tion to functional results according to types of treatment,
without finding clear statistically significant results that
demonstrate the superiority of surgical over conservative
treatment in 3- or 4-part fractures [11, 29]. With regards
to mortality, Myeroff et al. [33] noted that, although it is
related to the hospitalisation of the patient, there is no
significant relationship between mortality and the type of
fracture according to the Neer classification. Nonetheless,
they associated this absence of significance with the rela-
tive infrequency of more complex fractures. They studied
each type of fracture separately, without grouping them.
However, to reduce interobserver variability, we sorted
the fractures in our sample into two groups according to
the Neer classification: the group of less complex frac-
tures (non-displaced fractures or 2-part fractures) and
the group of greater complexity (3- or 4-part fractures
and fracture-dislocations). We found that the more com-
plex fractures had a statistically significantly lower mor-
tality risk than simpler fractures (HR =0.5), a protective
effect that was also maintained in the subgroup analysis
of patients who received conservative treatment. The
median survival time was 45.73 months in the group with
less complex fractures and 47.69 months in the group
with greater complexity. This division into two groups for
analysis was also followed by Rangan et al. [30] in their
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ProFHER multicentre randomised clinical trial, with a
total of 250 patients. They compared equally non-dis-
placed fractures or 2-part fractures against 3- or 4-part
fractures, although they did not find statistically signifi-
cant differences.

This protective effect that we found in our study was
not significantly influenced by either age or by differences
in the CCI between both comparison groups (Table 2).
Since we included fracture-dislocations in the group of
greater complexity, unlike in the other studies [30, 33], we
think that these fractures may be acting as a confounding
factor since we observed 0% mortality in our sample, in
spite of the fact that they accounted for 5.6% (36 patients)
of the sample. However, when removing these fractures
from the survival analysis, the group of more complex
fractures still presented a statistically significant protec-
tive effect compared with the group with fractures that
are a priori simpler.

It is possible that, in our sample, the most complex
fractures occurred in more active patients, who are usu-
ally associated with faster recovery and greater overall
survival. However, we do not have the data necessary to
be able to make such a conclusion, so these statements
must be analysed with caution. Furthermore, more stud-
ies would be needed to corroborate this hypothesis.

Our study suffers the limitations of being a retrospec-
tive observational study. We did not include patients with
follow-up care in the private healthcare sector, although
the total number of patients that could be added to the
sample would be very small, since the vast majority of
our society receives treatment and follow-up care for
these fractures in the National Public Healthcare System.
Some variables, such as alcohol abuse, are difficult to col-
lect and are often overlooked in a general trauma clinical
interview. In addition, another variable, such as the Neer
classification, suffers great inter- and intra-observer vari-
ability. Nevertheless, it is generally the most used classifi-
cation and allows comparison between different working
groups.

As a strength of our study, it should be noted that we
analysed data from a total of 638 patients, a larger sam-
ple than that of many of the studies published to date
[11, 16, 29, 33]. Furthermore, our study also encom-
passes the totality of PHFs that occurred in the health-
care area of a tertiary hospital for a period of 3 years.
In addition, thanks to the full health coverage of our
population in the public system and the global nature
of the system of electronic medical records in all the
healthcare centres in the region, we had access to the
data of all the health care records to assess the comor-
bidities and events studied, as well as data on scheduled
medications and follow-up visits. This permitted total
and comprehensive traceability of all patients included
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in the study. We were able to precisely identify those
patients surgically treated and their postoperative care
as well as those patients who received conservative
treatment on an outpatient basis with its subsequent
evolution. In addition, the mortality event is electroni-
cally recorded on the same date.

Conclusions

There are no differences in mortality in the medium-
long term between surgical and conservative treat-
ments in patients with PHF. However, those patients
with PHFs and associated comorbidities (CCI >5)
show a higher mortality risk than healthier patients.
This mortality risk is greater in patients with comor-
bidities when surgical treatment is chosen instead of
conservative treatment. A patient’s comorbidities must
be a fundamental parameter when planning the thera-
peutic strategy.

More complex PHFs do not imply greater mortal-
ity and, in fact, they have a lower mortality risk with
respect to less complex fractures; however, this fact
should be confirmed with subsequent studies.

Acknowledgements

We thank Javier Yanez Calvo for his contributions as the Upper Limb Unit
coordinator during the study period and we also thank Dr. Vidal-Campos and
Dr. Fernandez-Cortinas for their ideas and their collaboration in our project.

Authors’ contributions

AGR, DDP: acquisition, analysis, and interpretation of data, and drafting the
paper. CIN, LAA, BHG, PBB: acquisition, analysis and interpretation of data.
MCM: research design, critically reviewing and editing manuscript. DFF:
critically reviewing and editing the manuscript. There are no relationships or
competing interests directly related to this paper or that could influence or
bias this work. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance with the Good Clinical Practice
guidelines and the Declaration of Helsinki. The study protocol and data
registration from the clinical records of patients were approved by the local
Ethics Committee.

Consent for publication
Not applicable.

Competing interests

Each author certifies that he or she has no commercial associations (e.g., con-
sultancies, stock ownership, equity interest, patent/licensing arrangements,
etc.) that might pose a competing interest in connection with the submitted
article. The authors declare that they have no competing interests.

Page 8 of 9

Author details

'Department of Orthopaedic Surgery and Traumatology, Complexo Hospi-
talario Universitario de Vigo (Pontevedra), Estrada de Clara Campoamor, 341,
36213 Vigo, Pontevedra, Spain. Hospital Alvaro Cunqueiro, Estrada de Clara
Campoamor, 341, 36212 Vigo, Pontevedra, Spain.

Received: 12 February 2021 Accepted: 21 October 2021
Published online: 03 November 2021

References

1. Court-Brown CM, McQueen MM (2002) The relationship between frac-
tures and increasing age with reference to the proximal humerus. Curr
Orthop 16(3):213-222. https://doi.org/10.1054/cuor.2002.0241

2. Passaretti D, Candela V, Sessa P, Gumina S (2017) Epidemiology of proxi-
mal humeral fractures: a detailed survey of 711 patients in a metropolitan
area. J Shoulder Elbow Surg 26(12):2117-2124. https://doi.org/10.1016/].
j5€.2017.05.029

3. Court-Brown CM, Caesar B (2006) Epidemiology of adult fractures: a
review. Injury 37(8):691-697. https://doi.org/10.1016/j.injury.2006.04.130

4. Launonen AP, LepolaV, Saranko A et al (2015) Epidemiology of proximal
humerus fractures. Arch Osteoporos 10(1):2. https://doi.org/10.1007/
s11657-015-0209-4

5. Karl JW, Olson PR, Rosenwasser MP (2015) The epidemiology of
upper extremity fractures in the United States, 2009. J Orthop Trauma
29(8):242-e244

6. Sumrein BO, Huttunen TT, Launonen AP et al (2017) Proximal humeral
fractures in Sweden—a registry-based study. Osteoporos Int 28(3):901-
907. https://doi.org/10.1007/500198-016-3808-z

7. Court-Brown CM, Garg A, McQueen MM (2001) The epidemiology of
proximal humeral fractures. Acta Orthop Scand 72(4):365-371. https://
doi.org/10.1080/000164701753542023

8. Schwartz AV (2005) Increased falling as a risk factor for fracture among
older women: the study of osteoporotic fractures. Am J Epidemiol
161(2):180-185. https://doi.org/10.1093/aje/kwi02

9. Bell J-E, Leung BC, Spratt KF et al (2011) Trends and variation in incidence,
surgical treatment, and repeat surgery of proximal humeral fractures in
the elderly. J Bone Jt Surg Am 93(2):121-131. https://doi.org/10.2106/
JBJS.1.01505

10. Hanson B, Neidenbach P, de Boer P, Stengel D (2009) Functional out-
comes after nonoperative management of fractures of the proximal
humerus. J Shoulder Elbow Surg 18(4):612-621. https://doi.org/10.1016/j.
jse.2009.03.024

11. Lange M, Brandt D, Mittimeier T, Gradl G (2016) Proximal humeral
fractures: non-operative treatment versus intramedullary nailing in 2-,
3-and 4-part fractures. Injury 47:514-S19. https://doi.org/10.1016/50020-
1383(16)30848-8

12. Brorson S, Alispahic N, Bahrs C et al (2019) Complications after non-
surgical management of proximal humeral fractures: a systematic review
of terms and definitions. BMC Musculoskelet Disord. https://doi.org/10.
1186/512891-019-2459-6

13. Palvanen M, Kannus P, Niemi S, Parkkari J (2006) Update in the epidemiol-
ogy of proximal humeral fractures. Clin Orthop 442:6

14. Bergdahl C, Ekholm C, Wennergren D et al (2016) Epidemiology and
patho-anatomical pattern of 2011 humeral fractures: data from the
Swedish Fracture Register. BMC Musculoskelet Disord 17(1):159. https://
doi.org/10.1186/512891-016-1009-8

15. NeuhausV, Bot AGJ, Swellengrebel CHJ et al (2014) Treatment choice
affects inpatient adverse events and mortality in older aged inpatients
with an isolated fracture of the proximal humerus. J Shoulder Elbow Surg
23(6):800-806

16. Fernandez-Cortifias AB, Vidal Campos J, Marco MF (2020) Proximal
humeral fracture in patients with high Charlson comorbidity index:
mortality rate according to treatment choice. Musculoskelet Surg. https://
doi.org/10.1007/512306-020-00642-2

17. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis 40(5):373-383. https://doi.org/10.1016/
0021-9681(87)90171-8


https://doi.org/10.1054/cuor.2002.0241
https://doi.org/10.1016/j.jse.2017.05.029
https://doi.org/10.1016/j.jse.2017.05.029
https://doi.org/10.1016/j.injury.2006.04.130
https://doi.org/10.1007/s11657-015-0209-4
https://doi.org/10.1007/s11657-015-0209-4
https://doi.org/10.1007/s00198-016-3808-z
https://doi.org/10.1080/000164701753542023
https://doi.org/10.1080/000164701753542023
https://doi.org/10.1093/aje/kwi02
https://doi.org/10.2106/JBJS.I.01505
https://doi.org/10.2106/JBJS.I.01505
https://doi.org/10.1016/j.jse.2009.03.024
https://doi.org/10.1016/j.jse.2009.03.024
https://doi.org/10.1016/S0020-1383(16)30848-8
https://doi.org/10.1016/S0020-1383(16)30848-8
https://doi.org/10.1186/s12891-019-2459-6
https://doi.org/10.1186/s12891-019-2459-6
https://doi.org/10.1186/s12891-016-1009-8
https://doi.org/10.1186/s12891-016-1009-8
https://doi.org/10.1007/s12306-020-00642-2
https://doi.org/10.1007/s12306-020-00642-2
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8

Garcia-Reza et al. J Orthop Traumatol

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2021) 22:43

Lakomkin N, Kothari P, Dodd AC et al (2017) Higher Charlson Comorbid-
ity Index scores are associated with increased hospital length of stay
after lower extremity orthopaedic trauma. J Orthop Trauma 31(1):21-26.
https://doi.org/10.1097/BOT.0000000000000701

Jiang L, Chou ACC, Nadkarni N et al (2018) Charlson Comorbidity Index
predicts 5-year survivorship of surgically treated hip fracture patients.
Geriatr Orthop Surg Rehabil 9:215145931880644. https://doi.org/10.
1177/2151459318806442

SooHoo NF, Farng E, Lieberman JR, Chambers L, Zingmond DS (2010)
Factors that predict short-term complication rates after total hip arthro-
plasty. Clin Orthop Relat Res 468(9):2363-2371. https://doi.org/10.1007/
$11999-010-1354-0

Wang MQ, Youssef T, Smerdely P (2018) Incidence and outcomes of
humeral fractures in the older person. Osteoporos Int 9(7):1601-1608.
https://doi.org/10.1007/500198-018-4500-2

Ferndndez-Cortinas AB, Vidal Campos J, Paredes-Carnero X, Marco MF
(2019) Is the Charlson Comorbidity Index a good predictor of mortality
and adverse effects in proximal humerus fractures? Orthop Traumatol
Surg Res 105(2):301-305. https://doi.org/10.1016/j.0tsr.2018.11.016

Neer CS (1970) Displaced proximal humeral fractures. I. Classification and
evaluation. J Bone Joint Surg Am 52(6):1077-1089

Muller M, Nazarian S, Koch P (1990) The comprehensive AO classification
of fractures of long bones. Springer, Berlin

Neuhaus V, Swellengrebel CHJ, Bossen JKJ, Ring D (2013) What are the
factors influencing outcome among patients admitted to a hospital with
a proximal humeral fracture? Clin Orthop 471(5):1698-1706. https://doi.
0rg/10.1007/511999-013-2876-z

Handoll HH, Brorson S (2015) Interventions for treating proximal humeral
fractures in adults. Cochrane Database Syst Rev. https://doi.org/10.1002/
14651858.CD000434.pub4

Rotman D, Giladi O, Senderey AB et al (2018) Mortality after complex
displaced proximal humerus fractures in elderly patients: conservative
versus operative treatment with reverse total shoulder arthroplasty. Geri-
atr Orthop Surg Rehabil 9:215145931879524. https://doi.org/10.1177/
2151459318795241

Dabija DI, Guan H, Neviaser A, Jain NB (2019) Readmissions, revisions, and
mortality after treatment for proximal humeral fractures in three large
states. BMC Musculoskelet Disord 20(1):419. https://doi.org/10.1186/
512891-019-2812-9

29.

30.

31

32.

33

34.

35.

36.

Page 9 of 9

Beks RB, OchenY, Frima H et al (2018) Operative versus nonoperative
treatment of proximal humeral fractures: a systematic review, meta-anal-
ysis, and comparison of observational studies and randomized controlled
trials. J Shoulder Elbow Surg 27(8):1526-1534. https://doi.org/10.1016/].
j5€.2018.03.009

Rangan A, Handoll H, Brealey S et al (2015) Surgical vs nonsurgical treat-
ment of adults with displaced fractures of the proximal humerus: the
ProFHER randomized clinical trial. JAMA 313(10):1037. https://doi.org/10.
1001/jama.2015.1629

Lander ST, Mahmood B, Maceroli MA et al (2019) Mortality rates of
humerus fractures in the elderly: does surgical treatment matter? J
Orthop Trauma 33(7):361-365. https://doi.org/10.1097/BOT.0000000000
001449

Dixit A, Cautela FS, Cooper CS et al (2018) ORIF versus arthroplasty for
open proximal humerus fractures: Nationwide Inpatient Sample data
between 1998 and 2013. J Orthop Traumatol 19(1):12. https://doi.org/10.
1186/510195-018-0503-1

Myeroff CM, Anderson JP, Sveom DS, Switzer JA (2018) Predictors of
mortality in elder patients with proximal humeral fracture. Geriatr Orthop
Surg Rehabil 9:215145851772815. https://doi.org/10.1177/2151458517
728155

Floyd SB, Thigpen C, Kissenberth M, Brooks JM (2020) Association of surgi-
cal treatment with adverse events and mortality among Medicare benefi-
ciaries with proximal humerus fracture. JAMA Netw Open 3(1):e1918663.
https://doi.org/10.1001/jamanetworkopen.2019.18663

Papakonstantinou MK, Hart MJ, Farrugia R et al (2016) Interobserver
agreement of Neer and AO classifications for proximal humeral fractures.
ANZ J Surg 86(4):280-284. https://doi.org/10.1111/ans.13451

Sjédén GOJ, Movin T, Glintner P et al (1997) Poor reproducibility of classi-
fication of proximal humeral fractures: additional CT of minor value. Acta
Orthop Scand 68(3):239-242. https://doi.org/10.3109/174536797089966
92

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

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1097/BOT.0000000000000701
https://doi.org/10.1177/2151459318806442
https://doi.org/10.1177/2151459318806442
https://doi.org/10.1007/s11999-010-1354-0
https://doi.org/10.1007/s11999-010-1354-0
https://doi.org/10.1007/s00198-018-4500-2
https://doi.org/10.1016/j.otsr.2018.11.016
https://doi.org/10.1007/s11999-013-2876-z
https://doi.org/10.1007/s11999-013-2876-z
https://doi.org/10.1002/14651858.CD000434.pub4
https://doi.org/10.1002/14651858.CD000434.pub4
https://doi.org/10.1177/2151459318795241
https://doi.org/10.1177/2151459318795241
https://doi.org/10.1186/s12891-019-2812-9
https://doi.org/10.1186/s12891-019-2812-9
https://doi.org/10.1016/j.jse.2018.03.009
https://doi.org/10.1016/j.jse.2018.03.009
https://doi.org/10.1001/jama.2015.1629
https://doi.org/10.1001/jama.2015.1629
https://doi.org/10.1097/BOT.0000000000001449
https://doi.org/10.1097/BOT.0000000000001449
https://doi.org/10.1186/s10195-018-0503-1
https://doi.org/10.1186/s10195-018-0503-1
https://doi.org/10.1177/2151458517728155
https://doi.org/10.1177/2151458517728155
https://doi.org/10.1001/jamanetworkopen.2019.18663
https://doi.org/10.1111/ans.13451
https://doi.org/10.3109/17453679708996692
https://doi.org/10.3109/17453679708996692

	Analysis of predictors of mortality after surgical and non-surgical management in proximal humerus fractures
	Abstract 
	Background: 
	Material and methods: 
	Results: 
	Conclusions: 
	Level of evidence: 

	Introduction
	Material and methods
	Inclusion criteria
	Exclusion criteria
	Variables
	Therapeutic decision
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References




