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Abstract

Background: The agreement for the treatment of proximal humerus fractures is low. Interpretation of exams used
for diagnosis can be directly associated with this limitation. This study proposes to compare the agreement
between experts and residents in orthopedics for treatment indication of proximal humerus fractures, utilizing 3D-
models, holography (augmented reality), x-rays, and tomography as diagnostic methods.

Methods: Twenty orthopedists (ten experts in shoulder and elbow surgery and ten experts in traumatology) and
thirty resident physicians in orthopedics evaluated nine fractures of the proximal humerus, randomly distributed as
x-rays, tomography, 3D-models and holography, using the Neer and AO / OTA Classifications. After, we evaluated
the interobserver agreement between treatment options (conservative, osteosynthesis and arthroplasty) and whether
the experience of the evaluators interfered with the results.

Results: The interobserver agreement analysis showed the following kappa-values: k = 0.362 and k = 0.306 for experts
and residents (3D-models); k = 0.240 and k = 0.221 (X-ray); k = 0.233 and k =0.123 (Tomography) and k =0.321 and

k =0.160 (Holography), for experts and residents respectively. Moreover, residents and specialists were discordant in
the treatment indication using Tomography as a diagnostic method (p = 0.003). The same was not seen for the other
diagnostic methods (p > 0.05).

Conclusions: Three-dimensional models showed, overall, the highest interobserver agreement (experts versus
residents in orthopedics) for the choice of treatment of proximal humerus fractures compared to X-ray, Tomography,
and Holography. Agreement in the choice of treatment among experts that used Tomography and Holography as
diagnostic methods were two times higher compared to residents.

Trial registration: Registered in Brazil Platform under no. CAAE 12273519.7.0000.5505.
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Background

Proximal humerus fractures are common in orthopedic
practice and are likely to become more prevalent with in-
creased life expectancy and the association with osteopor-
osis [1]. Despite being a routine in orthopedic medical
practice, understanding different patterns of shoulder frac-
tures, the number associated injuries, the classification, and
proposed treatment remains uncertain. The diversity of
treatments has been discussed as a relevant subject in stud-
ies involving traumatology and shoulder surgery [1-3].

The interpretation of fractures in the proximal
humerus and many other fractures depends on com-
plementary diagnostic tests (usually x-ray and/ or
tomography) and the correlation with pre-existing
classifications. The widespread and well-known classi-
fications are the Charles Neer, in 1970 [4, 5] and the
AO/OTA group - Arbeit Gemeinschaft fiir Osteo-
synthesefragen [6]. However, several studies demon-
strate low agreement for intra and interobserver
reproducibility and the correlation between the diag-
nosis, classification, and therapeutic proposal involv-
ing these lesions [2, 3, 7, 8]. These limitations
encourage new studies to improve the classifications
known or even alternative diagnostic methods. Re-
cently, Raffaele Russo. et al. [9], Fernando Carlos
Mothes. et al. [10] and You W. et al. [11] used 3D-
models to improve the surgical programming of prox-
imal humerus fractures and reported good results.
Awan OA. et al. [12], using the same three-
dimensional models to present acetabular fractures to
resident physicians, reported an improvement in the
understanding of the particularities of this fracture. In
a recent publication from our group [13], we sug-
gested a relevant improvement in the diagnostic
agreement among specialists and residents in orthope-
dics utilizing 3D-models for proximal humerus frac-
tures compared to x-rays and tomographies. In
addition, we presented the use of augmented reality
(holography) as a diagnostic method to find a way to
reproduce the characteristics of these fractures
reliably.

In this work, we evaluate the interobserver agreement
among four diagnostic methods (x-rays, tomographies,
3D-models, and holography) chosen as the best treat-
ment strategy for proximal humerus fractures.

Methods

This study was observational, cross-sectional, involving
the presentation of proximal humerus fractures as digital
x-rays, tomography, 3D-models, and augmented reality
to 2 groups of doctors (1 and 2). The images were pre-
sented at random, and each group was submitted to four
exams. The group was unable to discriminate among the
exams during the evaluations.
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Sample size determination

A sample size of 9 cases was determined by statistical
analysis, to obtain a 95% confidence interval, with an
amplitude of 0.40 for a kappa concordance coefficient
estimated at 0.70. A standard deviation of 0.30 was as-
sumed for calculations [14—16].

Experimental groups
The groups were identified at the time of evaluation as
follows:

e Group 1: Twenty experts in shoulder or
traumatology from the Brazilian Society of Shoulder
and Elbow Surgery (SBCOC) and Brazilian Society
of Orthopedic Trauma (SBTO), respectively;

e Group 2: Thirty resident physicians in orthopedics
and traumatology from the Department of
Orthopedics and Traumatology, UNIFESP / EPM,
attending the first, second, or third year of the
course.

Likewise, the observers were not identified and were
not exposed during the study period.

The x-ray and tomography images of proximal hu-
merus fractures originated from the Hospital Samaritano
de Sdo Paulo, Americas Medical Service database. They
were used for the 3D-models and holography recon-
struction through a specific software used by BioArchi-
tects Company, which was donated for the study. We
used the Objet350 Connex 3 printer, with a speed of 12
mm/ hour, 16 um layers, compatible with Windows 7
and 8. The pieces were printed in resin (photopolymer),
with high resolution and in real size, within an average
of two hours and thirty minutes per model. The three-
dimensional printing models faithfully reproduced the
fractures’ original characteristics, such as the number
and displacement between the fragments, bone loss and
humeral head involvement.

No patient identification information was used to
guarantee confidentiality, so we request an exemption
from the informed consent form.

To evaluate the proximal humerus fractures through
the holographs, glasses were available (Hololens) under
the proper positioning of the hologram on the lens ac-
cording to the user’s viewing angle (Fig. 1).

Biomodels are replicas of patients’ anatomical parts, a
three-dimensional model identical to the original. The
3D-models reconstruction, also known as prototyping, is
the end product of this process (Fig. 2). Each of the eval-
uated proximal humerus fractures went through this
process, originating the models used for the assessment.

The researchers selected 9 fractures based on the qual-
ity of the radiographic images and whether they pre-
sented the complete tomographic sequences. Adults
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Fig. 1 Augmented reality glasses (Microsoft Hololens) to evaluate
and indicate the treatment of proximal humerus fractures

Fig. 2 3D-models of proximal humerus fractures used for
treatments indication
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(bone growth plate closed) of both sexes were included,
without restrictions on laterality. Images with suspected
pathological (neoplastic) fractures, infectious diseases,
previous fractures in the proximal humerus, congenital
deformities, or morphological alterations were not
included.

We decided to use only Groups A, B, and C as
adopted by the AO/OTA, with correspondence to 2, 3,
and 4 parts, respectively, as published in the Journal of
Orthopedic Trauma in 2018 [6]. We decided that be-
cause there was no objective correspondence of AO/
OTA subtypes (Al.l, A1.2, A2.1, A2.2, etc.) and Neer
classification.

Therefore, we obtained the following distribution:

1. Three fractures in 02 parts or 11A;
2. Three fractures in 03 parts or 11B or 11C;
3. Three fractures in 04 parts 11C

During the analysis of the images and the question-
naires filling, the two groups received both classifications
in a table, which could be consulted throughout the
evaluation, helping the observers choose the answers
judged compatible with the exams presented (Figs. 3 a,
b, c e 4).

No clinical or epidemiological information (sex, age,
dominance between limbs, associated diseases, fracture
period, or mechanism of trauma) was presented to the
evaluators. Thus, the indications for fractures treatment
were done exclusively by the interpretation of the four
diagnostic methods.

The treatment options were presented in a general
questionnaire, without specifying non-surgical methods
(slings or plaster immobilizations), implants (locked
plates, nails, wires, or screws), or prosthesis models
(total, partial or reverse). Therefore, the evaluators could
decide among only one of the options between treat-
ments: conservative (or non-surgical), osteosynthesis, or
arthroplasty (Fig. 5).

Statistical methods

The global Kappa coefficients [14] were determined to
assess the agreement in the choice of treatment among
specialists and residents in orthopedics using different
diagnostic methods. The statistical analysis was per-
formed in a general and stratified way, using only the
cases where classifications were in agreement among the
observers.

Initially, the association between treatment, type of
evaluator and method of diagnosis via Fisher’s exact test
was descriptively evaluated, considering independence
between the same observer’s response.

The associations between treatments and evaluators
(experts or residents) were verified using the Chi-Square
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Type: Humerus, praximal end segment, extraarticular, unifocal, 2-part fracture 114
Group: Humerus, proximal end segment, extraarticular, unifocal, 2-part, tuberosity fracture 11A1

Subgroups:
Greater tuberosity fracture

W
|
I

Group: Humerus, praximal end segment, extraarticular, unifocal, 2-part, surgical neck fracture 11A2
Subgroups:

Simple fracture Wedge fracture
na2a 11A2.2

by

Group: Humerus, proximal end segment, unifocal, 2-part, extraarticular vertical fracture 1173

Lesser tuberosity fracture
AL

Multifragmentary fracture
11423

B

Subgroups:
With a multifragmentary metaphyseal
segment with intact articular surface

11C3.1 11C32*

Group: Humerus, proximal end segment, articular or 4-part, anatomical neck fracture associated with metaphyseal fracture 11C3

With a multifragmentary metaphyseal
segment with articular fracture

b )
i/

Type: Humerus, proximal end segment, extraarticular, bifocal, 3-part fracture 118
Group: Humerus, proxima! end segment, extraarticular, bifocal, 3-part, surgical neck fracture 1181

Subgroups:

]Vllg:l ;'vum tuberosity fracture With lesser tuberosity fracture
4 1181.2*

P ®

*Quaifications:
u Intact wedge
v Fragmentary wedge

11C
Type: Humerus, proximal end segment, articular or 4-part fracture 11C

Group: Humerus, proximal end segment, articular or 4-part, anatomical neck fracture 11C1

Subgroups:
‘V]lguls—impacoed fracture !Is?:lned anatomical neck fracture
£ 13
| (
*Qualifications:
N Greater tuberosity
o Lesser tuberosty

P Both tuberosities

With a multifragmentary metaphyseal
fracture, with diaphyseal extension and
articular fracture

113>

C

-

Fig. 3 a, b, ¢ Classification table for proximal humerus fratures; Font: Kellam and Meinberg [6]

~
*Qualifications:

x Simple articular

y Multifragmentary articular

test, or alternatively, in case of small samples,' Fisher’s
exact test. To verify differences in treatment indication,
the standardized adjusted residue was used to identify
local differences — cells with absolute values above 1.96
indicate evidence of local associations between the
categories.

'More than 20% of the cells in a contigency table with less than 5
cases.

For all statistical tests, a significance level of 5% was
used.

Statistical analyzes were performed using the statistical
software SPSS 20.0 and STATA 12.

Results

Twenty experts in orthopedic trauma/shoulder surgery
and thirty residents in orthopedics evaluated nine cases,
and the results were tabulated.
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Fig. 4 Neer classification. Font: Neer CS (1970) [5]

Table 1 and Fig. 6 show the overall Kappa coefficients
by diagnostic methods between experts or residents in
orthopedics. For each diagnostic method, agreement and
choice of treatment was assessed, dichotomizing each re-
sponse against the other. The closer the Kappa value is
to 1, the higher the agreement. Values close to zero
points to an absence of agreement. Landis and Koch
[17] provided the rules: A. from 1.00 to 0.81 - Almost
perfect agreement; B. from 0.61 to 0.80 — Substantial
agreement; C. from 0.41 to 0.60 — Moderate agreement;
D. from 0.21 to 0.40 — Weak agreement; E. from 0.0 to
0.20 - Light agreement and F. <0 — Poor agreement.

It was observed that the Kappa coefficients were
weak, ranging from 0.123 to 0.362. The agreement in
the indication of treatment using 3D-models was
higher for experts (k =0.362, p <0.001) and resi-
dents (k =0.306, p<0.001). For X-ray, the concor-
dances were slightly lower, but similar among
experts and residents. Experts showed good agree-
ment using holography compared to residents (two
times higher) and very similar to 3D-models. The
experts, in general, showed higher agreement in the
treatment strategy using different diagnostic methods
when compared to residents.
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Radiography Session Tomography Session
Cases AO/OTA Neer Treatment Cases AO/OTA Neer Treatment
Classification | Classification Choose only one option: Classification | Classification Choose only one option:
(mark the parts | A: Conservative (non-surgical) (mark the parts | A: Conservative (non-surgical)
number) B: Osteosynthesis number) B: Osteosynthesis
C: Arthroplasty C: Arthroplasty
1 11 12 3 4 A B C 1 1 123 4 A B C
2 11 12 3 4 A B C 2 11_ 123 4 A B C
3 1 12 3 4 A B C 3 11 12 3 4 A B C
4 11 12 3 4 A B C 4 13 123 4 A B C
5 1_ 12 3 4 A B C 5 11 123 4 A B C
6 11 12 3 4 A B C 6 11__ 12 3 4 A B C
7 11 12 3 4 A B C 7 11 12 3 4 A B C
8 11 12 3 4 A B C 8 11 1 2 3 4 A B C
A 9 11 123 4 A B C B 9 11 123 4 A B C
4D Models Session Augmented Reality Session
Cases AO/OTA Neer Treatment
Classification | Classification Choose only one option: Cases AO/ OTA h{eer : Sreqement | ;
A: C ti " Classification | Classification Choose only one option:
(mark the parts : Conservative (non-surgical) A: Conservative (non-surgical)
number) B: Osteosynthesis (mark the parts B0 thact 8
C: Arthroplasty number) 1OsteosyntIenis
C: Arthroplasty
1 11_____ 12 3 4 A B C 1 11 12 3 4 A B C
2 n___ 11234 A _B C 2 1mn__ 123 4 A B C
3 11 12 3 4 A B Cc 3 11 12 3 4 A B c
4 11_ 12 3 4 A B C 4 11 12 3 4 A B C
5 11 12 3 4 A B C 5 11 12 3 4 A B C
6 11 12 3 4 A B C 6 11 12 3 4 A B C
7 11 123 4 A B C 7 11 12 3 4 A B C
8 11 12 3 4 A B C 8 1. 12 3 4 A B C
C 9 11 12 3 4 A B C D 9 11 1 2 3 4 A B C
Fig. 5 a, b, ¢, d: Questionnaires for classification of proximal humerus fractures and treatment indication using radiography, tomography, 3D-
models and holography
J

In addition to the agreement analysis between experts
and residents, we also performed a comparison of both
groups in the choice of treatment using the different
diagnostic methods (Table 2). It was possible to verify
the differences in the treatment indication (%) between
specialists and residents.

As shown in Table 2, there were differences in the
treatment indication using tomography (p =0.003) be-
tween residents and experts. It was observed that using

tomographic images, experts indicated shoulder arthro-
plasty more frequently, while residents chose osteosynth-
esis as the treatment of choice.

Discussion

The present work evaluated the correlation between dif-
ferent diagnostic methods, the indication of treatment,
and the experience of the evaluator. The 3D-models as a

Table 1 Overall Kappa coefficient for agreement in the choice of treatment for the proximal humerus fractures using four diagnostic

methods among experts and residents. P-values are shown

Diagnostic Method

X-ray Tomography 3D-models Holography
Kappa p Kappa p Kappa p Kappa p
Experts
Treatment 0.240 <0.001 0.233 <0.001 0.362 < 0.001 0.321 <0.001
Conservative (non-surgical) 0.184 <0.001 0.185 <0.001 0.258 <0.001 0.337 <0.001
Osteosynthesis 0.182 <0.001 0.098 <0.001 0.290 0.001 0247 <0.001
Arthroplasty 0318 <0.001 0.395 <0.001 0471 < 0.001 0.398 <0.001
Residents
Treatment 0221 <0.001 0.123 <0.001 0306 <0.001 0.160 <0.001
Conservative (non-surgical) 0.130 <0.001 0.084 < 0.001 0.223 < 0.001 0216 <0.001
Osteosynthesis 0.155 <0.001 0.045 0.002 0226 <0.001 0.099 <0.001
Arthroplasty 0.330 <0.001 0.253 <0.001 0429 <0.001 0.197 <0.001
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Fig. 6 a, b, ¢, d Examples of implants for surgical treatment of proximal humerus fractures. a: Plates, b: Intramedullary nail, ¢: Steel wires, d: Arthroplasty

Table 2 Distribution (%) of treatment indications (non-surgical, osteosynthesis and arthroplasty) for residents and experts using
differents diagnostics methods (X-rays, tomography, 3D-models and holography)

Treatments Total p
Conservative (non-surgical) Osteosynthesis Arthroplasty
N % N % N % N %
Total
X-ray 42 9,3% 248 55,1% 160 35,6% 450 100,0% 0451
Residents 29 10,7% 147 54,4% 94 34,8% 270 100,0%
Experts 13 7.2% 101 56,1% 66 36,7% 180 100,0%
Tomography 79 17,6% 225 50,0% 146 32,4% 450 100,0% 0,003
Residents 51 18,9% 148 54,8% 71 26,3% 270 100,0%
Experts 28 15,6% 77 42,8% 75 41,7% 180 100,0%
3D-models 43 9,6% 250 55,6% 157 34,9% 450 100,0% 0,532
Residents 29 10,7% 150 55,6% 91 33,7% 270 100,0%
Experts 14 7,.8% 100 55,6% 66 36,7% 180 100,0%
Holography 60 13,3% 262 58,2% 128 28,4% 450 100,0% 0,134
Residents 42 15,6% 158 58,5% 70 25,9% 270 100,0%
Experts 18 10,0% 104 57,8% 58 32,2% 180 100,0%

p - descriptive level of the Chi-square test or Fisher's exact ()
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diagnostic method showed the highest agreement among
interobservers for the treatment of proximal humerus
fractures (overall Kappa coefficient), both among experts
and residents. Higher concordance based on proximal
humerus fractures classification was found using 3D-
models in our previous work, when compared to x-ray,
tomography or holography [13]. Although 3D-models
were the diagnostic method with a higher agreement in
the choice of treatment among all interobservers, experts
showed overall higher agreement when compared to res-
idents. Therefore, experience time appears to be a sig-
nificant factor for agreement in the choice of treatment
among the four types of diagnostic methods used. How-
ever, the results presented here should not be confused
with the best treatment for each of the fractures
analyzed.

The manipulation of three-dimensional models seems
to facilitate the diagnosis and reproducibility using the
AO/OTA and Neer Classifications, 1970 [5]. In the case
of surgical treatments, preoperative planning can be car-
ried out with 3D-models, allowing the surgeon to train
strategies and maneuvers to reposition the deviated bone
fragments and choose the implants for each patient be-
fore surgery [11, 18, 19]. The choice involves size and
models of plates or nails, screws, and others.

Although the prevalence of proximal humerus frac-
tures is relevant and growing worldwide [20], we still
have problems with diagnosis and definitions about
the best treatment [2, 3, 7, 8, 13, 21-28]. With these
findings presented here, we believe that surgeons,
while still in training, are influenced by tactile rather
than exclusively visual aspects to understand shoulder
fractures. The manipulation of 3D-models stimulates
areas of reasoning and interpretation that may not be
required by merely visual exams such as x-rays, to-
mographies, and holographies. Similar to the manipu-
lation of 3D models, the palpation of bone fragments
is part of the surgical procedure for interpreting the
exact fracture pattern. In this respect, probably 3D-
models can reproduce this type of stimulus better,
justifying the higher agreement obtained in the choice
of treatment seen here.

The classifications proposed by Charles Neer, 1970 [5]
and the AO / OTA group - Arbeit Gemeinschaft fiir
Osteosynthesefragen [6], the most widespread and used
worldwide, were not able to find a relevant reproducibil-
ity for diagnosis of proximal humerus fractures [21-23].
It seems logical, therefore, that the best choice to treat
patients has uncertainties [2, 3, 13]. Handoll et al. [2]
state that there is not enough evidence that surgical
treatments are superior to conservative ones. Only a few
surgical indications are well established, such as open
fractures associated with vascular or neurological injur-
ies that need immediate repair. Because of that, surgeons
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opt for fixation methods or implants based on their ex-
perience and training. Slings, plates, nails, and prostheses
are nowadays the therapeutic arsenal used to correlate
the patient’s fracture with the surgeon’s skills to decide
on the best treatment. Thus, research on topics involv-
ing new classifications or diagnostic methods have been
presented [6, 13, 18, 20-24, 29, 30] [6, 13, 18, 2024, 29,
30] and studies with 3D-models are promising [11-13,
19, 31, 32].

Augmented reality or holography is another diagnostic
method helping activities that depend on detailed images
to show the surgical access routes anatomically. It is
composed of tomographic images obtained from fracture
analysis and observed by evaluators through special
glasses. The beauty and the details of the images do not
produce residues, and the innovative and futuristic as-
pect of the resource encourages the development of new
sustainable diagnostic methods by enthusiasts.

The work here assessed the correlation between dif-
ferent diagnostic methods, the indication of treatment,
and the experience of the evaluator (experts and resi-
dents in orthopedics). We chose not to include clin-
ical or epidemiological information of the nine cases
studied (sex, age, dominance between limbs, associ-
ated diseases, fracture time or trauma mechanisms).
In addition, we decided to keep aside the options
between surgical and non-surgical treatments. The al-
ternatives were widely presented as non-surgical or
conservative, leaving out the use of slings or plastered
immobilizations. The osteosynthesis and arthroplasty
methods similarly did not indicate the types of surgi-
cal implants (locked plates, nails, wires, screws,
models, or types of shoulder prostheses, Fig. 6 A,B,C,
D). Therefore, the evaluators were presented with
standardized treatment options: non-surgical, osteo-
synthesis, or shoulder arthroplasty.

Even with significant therapeutic agreement results
among experts for all diagnostic methods proposed (as
shown in Table 1), we believe that the absence of pa-
tients’ clinical variables may have affected the evaluators’
experience and the indications of treatment. However,
the inclusion of these parameters would result in a large
number of inconclusive variables for the statistical ana-
lysis due to the small sample size used here. Thus, the
indications for treating fractures of the proximal hu-
merus described here cannot necessarily be reproducible
in the presence of a real patient. However, it gives an in-
dication of the diagnostic method and the type of treat-
ment that is more effective and consensual among the
observers.

Conclusions
The agreement for the type of treatment of proximal hu-
merus fractures using three-dimensional models showed,
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overall, the highest interobserver agreement (experts
versus residents in orthopedics) compared to x-rays,
tomography, and holography. Moreover, the experts
showed two times higher agreement in the treatment
that uses tomography and holography, compared to
residents.

Abbreviations
AO/ASIF: Arbeit Gemeinschaft fir Osteosynthesefragen group; CT: Computed
tomography; UNIFESP: Universidade Federal de Sao Paulo

Acknowledgments

We would like to thank to ICEP (Instituto de Ensino e Pesquisa) from Hospital
Samaritano - Sdo Paulo and the BioArchitects Company for donating the 3D-
models and the augmented reality material. Also we thank all the physicians
for donating their time to evaluate the images and to the Department of Or-
thopedics and Image Diagnostic from UNIFESP,

Consent form
The Ethics Committee approved the project and the study was registered in
the Brazil Platform under no. CAAE 12273519.7.0000.5505.

Authors’ contributions

LFC developed the ideas and wrote the article, AYA developed the ideas for
the study, CF wrote parts of the article and analyzed the fracture images, FBR
reviewed the article, MVML wrote parts of the article and obtained the 3D-
models. All authors have read and approved the final data.

Funding
Not applicable.

Availability of data and materials
All work citation in this work are found in the references section.

Ethics approval and consent to participate
No patient identification information was used to guarantee their
confidentiality, so we request exemption from the Informed Consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Orthopedics Center from Hospital Samaritano, Americas Medical Service,
S&0 Paulo, Brazil. “Department of Orthopedics and Traumatology, (DOT/
UNIFESP) - Escola Paulista de Medicina, Universidade Federal de Sao Paulo,
Rua Napoledo de Barros, 715, 10 andar, Sao Paulo, SP CEP 04024-002, Brazil.
3Department of Diagnostic Imaging, UNIFESP, Sao Paulo, Brazil.

Received: 6 April 2020 Accepted: 30 July 2020
Published online: 06 August 2020

References

1. Howard L, Berdusco R, Momoli F, Pollock J, Liew A, Papp S, et al. Open
reduction internal fixation vs non-operative management in proximal
humerus fractures: a prospective, randomized controlled trial protocol. BMC
Musculoskelet Disord BMC Musculoskeletal Disorders. 2018;19:1-10.

2. Handoll HHG, Brorson S. Interventions for treating proximal humeral
fractures in adults. Cochrane Database Syst Rev. 2015. https://doi.org/10.
1002/14651858.CD000434.pub4.

3. Cocco LF, Ejnisman B, Belangero PS, Cohen M, dos Reis FB. Quality of life
after antegrade intramedullary nail fixation of humeral fractures: A survey in
a selected cohort of Brazilian patients. Patient Saf Surg. 2018;12:1-8.

4. Carofino BC, Leopold SS. Classifications in brief: the neer classification for
proximal humerus fractures. Clin Orthop Relat Res. 2013;471:39-43.

5. Neer CS. Displaced proximal humeral fractures. I. Classification and
evaluation. J. Bone Jt Surg (Am.). 1970;52:1077-89.

22.

23.

24,

25.

26.

27.

Page 9 of 10

Meinberg EG, Agel J, Roberts CS, Karam MD, Kellam JF. Fracture and
dislocation classification Compendium-2018. J Orthop Trauma. 2018;32(pS1-
S10). https://doi.org/10.1097/BOT.0000000000001063.

Court-Brown CM, Cattermole H, McQueen MM. Impacted valgus fractures
(B1.1) of the proximal humerus. J. Bone Jt Surg (Brit). 2002;84:504-8.

Bahrs C, Kihle L, Blumenstock G, Stockle U, Rolauffs B, Freude T. Which
parameters affect medium- to long-term results after angular stable plate
fixation for proximal humeral fractures? J Shoulder Elb Surg. 2015;24:727-32.
Russo R, Guastafierro A, Rotonda G Della, Viglione S, Ciccarelli M, Mortellaro
M, et al. A new classification of impacted proximal humerus fractures based
on the morpho-volumetric evaluation of humeral head bone loss with a 3D
model. J Shoulder Elb Surg; 2020;1-12. Available from: https.//doi.org/10.
1016/5€.2020.02.022.

Mothes FC, Britto A, Matsumoto F, Tonding M, Ruaro R. Application of
three-dimensional prototyping in planning the treatment of proximal
humerus bone deformities. Rev Bras Ortop. 2018;53:595-601 Available from:
https://doi.org/10.1016/j.rboe.2018.07.016.

You W, Liu LJ, Chen HX, Xiong JY, Wang DM, Huang JH, et al. Application of
3D printing technology on the treatment of complex proximal humeral
fractures (Neer3-part and 4-part) in old people. Orthop Traumatol Surg Res.
2016;102:897-903.

Awan OA, Sheth M, Sullivan |, Hussain J, Jonnalagadda P, Ling S, et al.
Efficacy of 3D Printed Models on Resident Learning and Understanding of
Common Acetabular Fracturers. Acad Radiol. 2019;26:130-5.

Cocco LF, Yazzigi JA, Kawakami EFKI, Alvachian HJF, Dos Reis FB, Luzo MVM.
Inter-observer reliability of alternative diagnostic methods for proximal
humerus fractures: A comparison between attending surgeons and
orthopedic residents in training. Patient Saf Surg. 2019;13:1-13.

Fleiss JL, Cohen J, Everitt BS. Large sample standard errors of kappa and
weighted kappa. Psychol Bull. 1969;72:323-7.

Flack VF, Afifi AA, Lachenbruch PA, Schouten HJA. Sample size
determinations for the two rater kappa statistic. Psychometrika. 1988;53:
321-5.

Cohen J. A coefficient of agreement for nominal scales. Educ Psychol Meas.
1960;20:37-46.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33:159.

Jo MJ, Gardner MJ. Proximal humerus fractures. Curr Rev Musculoskelet
Med. 2012;5:192-8.

Wang JQ, Jiang BJ, Guo WJ, Zhao YM. Indirect 3D printing
technology for the fabrication of customised -TCP/chitosan scaffold
with the shape of rabbit radial head - An in vitro study. J Orthop
Surg Res. 2019;14:1-9.

Launonen AP, Lepola V, Saranko A, Flinkkila T, Laitinen M, Mattila VM.
Epidemiology of proximal humerus fractures. Arch Osteoporos. 2015;10:1-5.
Murray IR, Amin AK, White TO, Robinson CM. Proximal humeral fractures:
current concepts in classification, treatment and outcomes. J Bone Jt Surg
(Brit). 2011;1:1-11.

Olerud P, Ahrengart L, Ponzer S, Saving J, Tidermark J. Internal fixation
versus nonoperative treatment of displaced 3-part proximal humeral
fractures in elderly patients: a randomized controlled trial. J Shoulder Elb
Surg. 2011;20:747-55.

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. J Bone Jt Surg (Am.). 1993;75:1745-50.

Bell JE, Leung BC, Spratt KF, Koval KJ, Weinstein JD, Goodman DG, et al. Trends
and variation in incidence, surgical treatment, and repeat surgery of proximal
humeral fractures in the elderly. J Bone Jt Surg (Am.). 2011,93:121-31.
Fjalestad T, Hole M, Hovden IAH, Blicher J, Stremsge K. Surgical
treatment with an angular stable plate for complex displaced
proximal humeral fractures in elderly patients: a randomized
controlled trial. J Orthop Trauma. 2012;26:98-106.

Hatzidakis AM, Shevlin MJ, Fenton DL, Curran-Everett D, Nowinski RJ,
Fehringer EV. Angular-stable locked intramedullary nailing of two-part
surgical neck fractures of the proximal part of the humerus: A multicenter
retrospective observational study. J Bone Jt Surg (Am.). 2011;93:2172-9.
Zhu'Y, Lu'Y, Shen J, Zhang J, Jiang C. Locking intramedullary nails and
locking plates in the treatment of two-part proximal humeral surgical neck
fractures: A prospective randomized trial with a minimum of three years of
follow-up. J Bone Jt Surg (Am.). 2011,93:159-68.


https://doi.org/10.1002/14651858.CD000434.pub4
https://doi.org/10.1002/14651858.CD000434.pub4
https://doi.org/10.1097/BOT.0000000000001063
https://doi.org/10.1016/j.jse.2020.02.022
https://doi.org/10.1016/j.jse.2020.02.022
https://doi.org/10.1016/j.rboe.2018.07.016

Cocco et al. Patient Safety in Surgery

28.

29.

30.

31

32.

(2020) 14:33

Klein M, Juschka M, Hinkenjann B, Scherger B, Ostermann PAW. Treatment
of comminuted fractures of the proximal humerus in elderly patients with
the delta Ill reverse shoulder prosthesis. J Orthop Trauma. 2008;22:698-704.
Hertel R, Hempfing A, Stiehler M, Leunig M. Predictors of humeral head
ischemia after intracapsular fracture of the proximal humerus. J Shoulder Elb
Surg. 2004;13:427-33.

Marongiu G, Leinardi L, Congia S, Frigau L, Mola F, Capone A. Reliability and
reproducibility of the new AO/OTA 2018 classification system for proximal
humeral fractures: a comparison of three different classification systems. J
Orthop Traumatol. 2020;21(1):4. https;//doi.org/10.1186/510195-020-0543-1.
Chen Y, Jia X, Qiang M, Zhang K, Chen S. Computer-assisted virtual surgical
technology versus three-dimensional printing technology in preoperative
planning for displaced three and four-part fractures of the proximal end of
the humerus. J Bone Jt Surg (Am). 2018;100:1960-8.

Edelson G, Kelly |, Vigder F, Reis ND. A three-dimensional classification for
fractures of the proximal humerus. J Bone Jt Surg (Brit). 2004;86:413-25.

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

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s10195-020-0543-1

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Sample size determination
	Experimental groups
	Statistical methods

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Consent form
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

