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Abstract

This study assessed the inter- and intraobserver agreement of the NEER, LEGO/HERTEL, AO/OTA, and MAYO-FJD classification systems 
for proximal humeral fractures. Five evaluators — a first-year resident (R1), a second-year resident (R2), a third-year resident (R3), an 
orthopedic surgeon (Ortho), and a shoulder surgery specialist (Spec.) – assessed 50 radiographs of patients with proximal humeral 
fractures at two time points (T1 and T2). Cohen’s and Fleiss’s Kappa coefficients were used for statistical analysis. Regarding interobserver 
agreement, the NEER system at T1 and T2 (κ=0.444 and κ=0.496) demonstrated moderate agreement. The LEGO/HERTEL system at 
T1 and T2 (κ=0.376 and κ=0.387), the AO/OTA system at T1 and T2 (κ=0.269 and κ=0.223), and the MAYO-FJD system at T1 and T2 
(κ=0.367 and κ=0.300) demonstrated low agreement. Moderate intraobserver agreement was observed for the NEER system. The LEGO/
HERTEL system showed substantial agreement with κ=0.528 (R1) and near-perfect agreement with κ=0.867 (Spec.). For the AO/OTA 
system, Kappa values ranged from 0.347 (R1) to 0.793 (R3), oscillating between low and substantial. The MAYO-FJD system presented the 
lowest agreement (κ=0.154 [R1] to κ=0.665 [Spec.]). It is concluded that regarding interobserver agreement, the NEER system achieved 
a moderate result. Regarding intraobserver agreement, more experienced evaluators demonstrated greater consistency compared to 
residents.
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INTRODUCTION

Proximal humeral fracture is the fourth most 
common fracture in adults, ranking only behind 
distal radius, proximal femur, and osteoporotic ver-
tebral fractures1. It represents approximately 80% 
of all humeral fractures and occurs predominantly 
in elderly women with osteoporosis, with an ap-
proximate ratio of 3:1 relative to men, generally 
resulting from ground-level falls; these patients also 
present an increased risk of subsequent fractures2,3.

For adequate fracture management, it is essential 
that the fracture be classified through radiographs, 
as this defines the clinical approach, treatment, and 
patient prognosis. However, fracture classification 
systems currently used for the proximal humeral 
extremity demonstrate low agreement and repro-
ducibility4.

In 1970, Charles S. Neer II proposed a system 
for classifying proximal humeral fractures based on 
the number of displaced bone segments. The mod-
el divides the proximal humerus into four anatom-
ical segments: the head, greater tuberosity, lesser 
tuberosity, and diaphysis, considering as a “frac-
tured part” only those segments with displacement 
≥1 cm or angulation ≥45°, except for the greater 
tuberosity, for which a displacement of 0.5 cm is 
considered. Thus, fractures may be described as 
two-, three-, or four-part, including variants such as 
fracture-dislocations or anatomical neck fractures. 
The NEER classification is widely used today, serv-
ing as a reference for treatment selection and prog-
nostic assessment5.

The LEGO/HERTEL system describes the mor-
phology of proximal humeral fractures in up to 
12 combinatory patterns, based on four main ana-
tomical structures (head, greater tuberosity, lesser 
tuberosity, and diaphysis). This approach seeks to 
standardize fracture description, facilitating com-
munication and reproducibility among evaluators. 
Hertel et al. (2004)6 also proposed independent 
prognostic criteria to estimate the risk of humer-
al head ischemia, which include the assessment 
of the medial calcar, metaphyseal continuity, and 
head-diaphysis contact. Thus, while the LEGO sys-
tem is a morphological classification, the so-called 
“Hertel criteria” correspond to clinical predictors 
of avascular necrosis and are not formally part of 
the classification.

On the other hand, the AO/OTA classification 
system refers to a universal fracture classification 
system created by the AO Foundation (Association 
for the Study of Osteosynthesis) in conjunction 

with the OTA (Orthopaedic Trauma Association), 
which divides fractures into three distinct groups, 
each subdivided into three subgroups, totaling nine 
fracture types.

Two-part fractures (A) may involve the tuberosi-
ties or the surgical neck. When involving the tuber-
osities, subtype A1.1 affects the greater tuberosity 
(GT), while subtype A1.2 affects the lesser tuber-
osity (LT). For surgical neck fractures, they may be 
simple (2.1), wedge (2.2), or shear/vertical (2.3). 
Three-part fractures (B) generally involve the sur-
gical neck associated with one tuberosity. Subtype 
B1.1 affects the greater tuberosity (GT) and B1.2 
affects the lesser tuberosity (LT). These subtypes 
may also be qualified regarding the presence of an 
intact (u) or comminuted (v) wedge, indicating the 
degree of fracture fragmentation.

Articular fractures (C) involve the anatomical 
neck and may occur in isolation or in association 
with the surgical neck. In subtype C1, the anatom-
ical neck may undergo valgus impaction, being 
qualified according to the affected tuberosity: n 
→ GT, o → LT, p → LT + GT, or may occur as an 
isolated anatomical neck fracture (1.3). In four-part 
fractures (C3), involving the anatomical and surgi-
cal neck, the metaphysis and the joint may be in-
tact (3.1), the metaphysis intact with a comminuted 
joint (3.2), or both comminuted (3.3), representing 
more complex and unstable patterns7.

For fractures of greater complexity, the 
MAYO-Fundación Jiménez Díaz (FJD) classification 
may be employed. This system uses three main an-
atomical components: the humeral head, humeral 
neck, and tuberosities. The classification encom-
passes fracture patterns including isolated greater 
and lesser tuberosity fractures, surgical neck frac-
ture, posteromedial varus fracture, valgus impac-
tion fracture, and fractures in which the humeral 
head is displaced – encompassing head disloca-
tion, split head, and head impression8.

Since proximal humeral fracture is the fourth 
most common fracture, it is necessary to standard-
ize its classification within medical practice, aiming 
at an effective treatment plan for each specific type 
of injury. Currently in the literature, there are no 
relevant studies that use all of these classification 
systems; therefore, an inter- and intraobservation-
al assessment of the classifications is necessary to 
identify the most suitable for managing proximal 
humeral fractures, particularly among professionals 
at different levels of orthopedic training.
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METHODS

This is a retrospective, descriptive observation-
al study with a cross-sectional approach, which 
through different proximal humeral fracture clas-
sification systems aims to assess interobserver 
agreement. Following the consent of the co-par-
ticipating institution and approval by the Research 
Ethics Committee under No. 7,717,872, the study 
was conducted using radiographs already existing 
in the patient records of the Hospital Universitário 
Regional dos Campos Gerais (HU-UEPG) from July 
2023 to January 2024. Inclusion criteria comprised 
radiographs of patients diagnosed with proximal 
humeral fracture (ICD S42.2), in two projections: 
anteroposterior and lateral view. Radiographs of 
proximal humeral fractures in only one projection, 
or any other type of fracture, were excluded.

Thus, 50 radiographic images of proximal hu-
meral fractures were analyzed, covering the full 
spectrum of the NEER, LEGO/HERTEL, AO/OTA, 
and MAYO-FJD classifications, including at least 
one representative of each proximal humeral frac-
ture type. For the assessment, the 50 cases were 
presented to a group of evaluators at different stag-
es of orthopedic training: a first-year resident (R1), 
a second-year resident (R2), a third-year resident 
(R3), an orthopedic surgeon (Ortho) who is not a 
shoulder surgery specialist, and a shoulder surgery 
specialist (Spec.).

Radiographs were presented in a randomized or-
der to the evaluators, with a time interval between 
the two assessments of 15 to 30 days. Evaluators 

had no access to their first-round responses, nor to 
the patient’s clinical history or surgical outcome. 
The order in which radiographs were displayed 
was randomized in the second round. Evaluators 
received no prior training; that is, each evaluator 
based their assessment on their prior knowledge 
acquired through lectures, residency practice, and 
years of orthopedic practice.

The results obtained from the observers’ assess-
ments were tabulated using Microsoft Excel 365 
(Microsoft Corp., Redmond, WA, USA) and sub-
mitted to Cohen’s and Fleiss’s Kappa tests for in-
tra- and interobserver assessment, respectively, us-
ing the Statistical Package for the Social Sciences 
(SPSS, IBM Corp., Armonk, NY, USA), version 30.0, 
for statistical analyses. Interobserver agreement 
assessment tables were produced, evidencing the 
Kappa index measure for each evaluator class (R1, 
R2, R3, Ortho, and Spec.) for each of the two as-
sessments (T1 and T2).

Intraobserver agreement assessment tables were 
produced comparing each assessment with the oth-
er, as well as the upper and lower confidence lim-
its for a 95% CI. Kappa values with p < 0.05 were 
considered statistically significant. Interpretation 
of results followed the criteria proposed by Landis 
and Koch (1977)9, wherein values below or equal 
to zero indicated poor agreement; slight, between 
0 and 0.2; fair, between 0.2 and 0.4; moderate, be-
tween 0.4 and 0.6; substantial, between 0.6 and 0.8; 
and excellent or near-perfect, between 0.8 and 1.0.

Table 1 presents the interobserver agreement val-
ues obtained using Fleiss’s Kappa coefficient, con-

sidering the different indicators assessed at two time 
points (T1 and T2).

RESULTS

Table 1 - Determination of interobserver agreement among the NEER, LEGO/HERTEL, AO/OTA, and 
MAYO-FJD classification systems for proximal humeral fractures (HU-UEPG – 07/2023 to 01/2024).

Classification System % Agreement Fleiss κ 95% CI  p-value Agreement Level

NEER T1 44.40 0.444 0.394–0.493 <0.001 Moderate

NEER T2 49.60 0.496 0.445–0.546 <0.001 Moderate

LEGO/HERTEL T1 37.60 0.376 0.341–0.411 <0.001 Low

LEGO/HERTEL T2 38.70 0.387 0.351–0.423 <0.001 Low

AO/OTA T1 26.90 0.269 0.242–0.296 <0.001 Low

AO/OTA T2 22.30 0.223 0.196–0.251 <0.001 Low

MAYO-FJD T1 36.70 0.367 0.342–0.392 <0.001 Low

MAYO-FJD T2 30.00 0.300 0.276–0.325 <0.001 Low

Note: % = percentage; CI = confidence interval; T1 = first assessment; T2 = second assessment; p = probability; K = Kappa index.

https://creativecommons.org/licenses/by/4.0/
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The NEER T1 and NEER T2 indicators demon-
strated moderate agreement, with Kappa values of 
0.444 (95% CI: 0.394–0.493; p < 0.001) and 0.496 
(95% CI: 0.445–0.546; p < 0.001), respectively. In 
contrast, the LEGO/HERTEL T1 (κ = 0.376; 95% CI: 
0.341–0.411; p < 0.001), LEGO/HERTEL T2 (κ = 
0.387; 95% CI: 0.351–0.423; p < 0.001), AO/OTA 
T1 (κ = 0.269; 95% CI: 0.242–0.296; p < 0.001), and 
AO/OTA T2 (κ = 0.223; 95% CI: 0.196–0.251; p < 
0.001) indicators demonstrated low agreement, evi-
dencing greater divergence among evaluators.

Similarly, the MAYO-FJD T1 and MAYO-FJD T2 
indicators presented low agreement, with Kappa 
values of 0.367 (95% CI: 0.342–0.392; p < 0.001) 
and 0.300 (95% CI: 0.276–0.325; p < 0.001), re-
spectively. Overall, the results reveal heterogeneity 
in agreement among evaluators, ranging from low to 
moderate depending on the indicator analyzed and 
the assessment time point.

Table 2 presents the Cohen’s Kappa coefficients ob-
tained in the intraobserver agreement analysis (compari-
son between T1 and T2) for each observer and indicator.

Observer NEER LEGO/HERTEL AO/OTA MAYO-FJD

R1 0.523 0.528 0.347 0.154

R2 0.740 0.696 0.658 0.574

R3 0.876 0.866 0.793 0.349

Orthopedic surgeon (Ortho) 0.777 0.745 0.683 0.620

Specialist (Spec.) 0.766 0.867 0.763 0.665

Note: R1 = First-year resident; R2 = Second-year resident; R3 = Third-year resident.

Table 2 - Level of intraobserver agreement (T1 vs. T2) for the NEER, LEGO/HERTEL, AO/OTA, and 
MAYO-FJD classification systems in proximal humeral fractures (HU-UEPG – 07/2023 to 01/2024).

Overall, the Kappa values indicate variable lev-
els of intraobserver consistency across the different 
indicators, ranging from low to near-perfect. For 
the NEER indicator, agreement ranged from mod-
erate to near-perfect among evaluators, with Kappa 
values between 0.523 (R1) and 0.876 (R3). These 
results suggest good stability of the classifications 
between the two assessment time points. Simi-
larly, the LEGO/HERTEL indicator also presented 
agreement ranging from moderate to near-perfect, 
with Kappa values between 0.528 (R1) and 0.867 
(Spec.).

These results suggest good stability of the classi-
fications between the two assessment time points 
for both indicators. For the AO/OTA indicator, Kap-

pa values ranged from 0.347 (R1) to 0.793 (R3), in-
dicating agreement ranging from low to substantial 
depending on the evaluator. Finally, the MAYO-FJD 
indicator presented the lowest intraobserver stabil-
ity indices, with Kappa values ranging from 0.154 
(R1) to 0.665 (Spec.), reflecting low to moderate 
agreement between the two assessments.

Overall, it was observed that the more experi-
enced evaluators (orthopedic surgeon and special-
ist) demonstrated greater intraobserver consisten-
cy compared to the resident evaluators, especially 
for the AO/OTA and MAYO-FJD indicators. These 
findings suggest that clinical experience may be as-
sociated with greater stability in assessments con-
ducted at different time points.

DISCUSSION

The results obtained in this study demonstrat-
ed significant variations in inter- and intraobserver 
agreement across the different proximal humeral 
fracture classification systems, evidencing that the 
clinical experience of evaluators plays a determining 
role in the consistency of assessments. The NEER 
system presented the best interobserver agreement 
indices at both time points (T1 and T2), with moder-
ate agreement – corroborating similar results10 that 
reported fair to substantial reliability for NEER and 
HERTEL classifications, with the former being supe-

rior in terms of intraobserver stability, especially in 
three-dimensional reconstructions and even among 
observers with different levels of experience11.

In contrast, the LEGO/HERTEL and MAYO-FJD 
systems presented low interobserver agreement, in-
dicating greater divergence among evaluators. This 
limitation is frequently reported in the literature and 
attributed to the greater morphological complexity 
of these classifications, which involve multiple ana-
tomical and prognostic parameters, making repro-
ducibility difficult in two-dimensional radiograph 
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analyses8.
Despite this, studies show that the MAYO-FJD 

system may perform better when combined with 
computed tomography (CT), since multiplanar vi-
sualization reduces interpretation ambiguities8. This 
finding suggests that the exclusive use of plain ra-
diographs, although practical and widely available, 
may limit the diagnostic accuracy of more detailed 
systems that have demonstrated better agreement 
with the use of three-dimensional reconstructions11.

Similarly, the AO/OTA system presented low in-
terobserver agreement, suggesting considerable di-
vergence among evaluators. This limitation is also 
observed in previous studies, which report lower 
interrater reliability for this system, especially in its 
earlier versions12. The AO/OTA classification update 
published in 2018 improved the clarity of criteria 
and simplified the coding process, maintaining ad-
equate descriptive power and slightly improving 
observer agreement13. Similarly, it presents variable 
reproducibility according to the experience level of 
the evaluators, reinforcing the need for standardized 
training to optimize diagnostic consistency14.

Regarding intraobserver agreement, the results 
of this study were consistent with those found by 
Díaz et al. (2022)14, who observed that increased 
intraobserver agreement occurs with advancing pro-
fessional experience, highlighting that experienced 
orthopedic surgeons achieve higher reliability in-
dices compared to residents. This trend was also 
observed in the present study, in which the ortho-
pedic surgeon and the shoulder surgery specialist 
obtained the highest intraobserver Kappa values, 
especially for the AO/OTA and MAYO-FJD systems. 
Such findings confirm that time in practice and spe-
cific training directly influence the ability to correct-
ly interpret the morphological nuances of proximal 
humeral fractures.

Although the MAYO-FJD system has recently 
emerged as a more comprehensive and anatomical 
proposal for the classification of proximal humeral 
fractures, the results of this study showed that this 
classification system still presents low interobserver 
agreement. This finding may be related to the fact 
that it is a new system, proposed by Foruria et al. 
(2022)8, while the other systems – NEER (1970), 
LEGO/HERTEL (2004), and AO/OTA (1990, revised 
in 2018) –have been consolidated for longer, pre-
senting greater familiarity among professionals and 
broad diffusion in orthopedic practice.

Although the NEER system demonstrates overall 
better performance, its clinical value is still debated, 
as it presents limitations in complex fracture cases 
and in patients with significant anatomical alter-
ations. In analyses based on plain radiographs, clas-
sifications such as NEER and AO/OTA maintain only 

moderate agreement among evaluators, suggesting 
that none of the current systems achieves ideal reli-
ability for universal standardization15.

In this regard, recent reviews argue that the in-
corporation of three-dimensional methods and ar-
tificial intelligence can substantially increase the 
reproducibility and clinical applicability of these 
classifications, reducing bias related to individual 
experience16,17.

Adequate training during medical residency in 
orthopedics is essential for the development of di-
agnostic skills and the ability to correctly interpret 
radiographic images – factors that directly influence 
therapeutic choice and clinical outcomes11,14. A thor-
ough radiographic assessment is decisive in defining 
the need for surgical or conservative treatment, en-
abling more precise and individualized decisions15.

Furthermore, the correct interpretation of ra-
diographs contributes to the reduction of hospital 
costs and to the functional and economic success of 
treatment, favoring the patient’s full recovery8. Addi-
tionally, three-dimensional printing may be applied, 
especially in fracture planning and intraoperative 
guidance in sequelae management17.

Although widely used in clinical practice, the 
classic classifications for proximal humeral fracture 
assessment present significant limitations. Studies 
have pointed to low interobserver agreement be-
tween the NEER and AO/OTA systems, which has 
generated uncertainty in the standardization of ther-
apeutic approaches5,18,19. Due to these divergences, 
current decision-making emphasizes a tendency to 
value specific pathomorphological criteria – namely, 
medial calcar stability and the risk of vascular necro-
sis6.

Despite the divergences among classification sys-
tems, the longevity and continued use of the NEER 
classification occur primarily due to three factors: 
a common orthopedic language, as it provides ter-
minology understood by surgeons worldwide20; ne-
crosis prevention, as it was one of the first systems 
to critically address the vascularization of the hu-
meral head and the risk of avascular necrosis21; and 
treatment guidance, by applying the practical rule 
of “displacement” (fragments displaced >1 cm or 
angulated >45°), which provides an easily applica-
ble guideline for indicating conservative or surgical 
management5.

On the other hand, the MAYO-FJD classification 
has the following main potential advantages: a) pre-
diction of conservative treatment failure, as it groups 
patients into clear prognostic categories, accurately 
identifying patterns that will evolve well clinically 
from those with a high risk of collapse22; b) lower 
failure rate, assisting in predictive decision-making 
regarding when non-surgical treatment is appropri-
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CONCLUSION

The present study demonstrated that, among the 
evaluated systems, the NEER classification present-
ed the best interobserver agreement, with mod-
erate results, while the LEGO/HERTEL, AO/OTA, 
and MAYO-FJD systems exhibited low agreement. 
In the intraobserver analysis, it was observed that 
the more experienced evaluators presented great-
er consistency in the classifications, indicating that 
professional experience is a determining factor for 

diagnostic stability.
The findings highlight the importance of improv-

ing orthopedic teaching and training processes, 
especially during medical residency, while also 
suggesting that the use of complementary imaging 
tools may increase accuracy and reduce the sub-
jectivity of radiographic classifications. Although 
the NEER system remains the most reproducible 
among those evaluated, the pursuit of more ob-

ate22; and c) high reliability based on patterns of 
substantial interobserver agreement (Kappa index 
between 0.69 and 0.81) when using computed to-
mography8.

In conclusion, human interpretation of complex 
proximal humeral fractures is frequently heteroge-
neous, and a window of opportunity emerges with 
the use of artificial intelligence (AI): Deep Learning 
algorithms are being trained to standardize and im-
prove this assessment. This new context will enable 
high precision, with research showing that convo-
lutional neural networks (CNNs) achieve over 95% 
accuracy in identifying the presence or absence of 
fractures on plain radiographs23.

Another advance will be the classification of 
complex patterns, as AI operates in the automated 
identification of 3- and 4-part fractures, often sur-
passing the accuracy of general practitioners and 
equaling the performance of shoulder surgery spe-
cialists23 – generating greater consistency, since in 
the future AI may remove human subjectivity, pro-
viding standardization in image reading that rap-
idly assists the surgeon in formulating the surgical 
plan24.

Furthermore, three-dimensional models have 
demonstrated greater interobserver agreement (spe-
cialists versus residents) in the selection of proximal 
humeral fracture treatment compared to radiogra-
phy, tomography, and holography. The agreement 
in treatment selection among specialists who used 
tomography and holography as diagnostic methods 
was twice that observed among residents16.

Specifically, using highly complex systems 
(MAYO-FJD and AO/OTA) without CT support and 
3D reconstructions may induce classification errors. 
Without these tools, the classifications are impaired 
in their main function – to guide surgical planning 
and reliably predict patient prognosis13.

Among the limitations of this study, the use of 
plain radiographs as the assessment method stands 
out. Although widely available and low-cost, they 
may present variations in image quality and pro-

jection positioning, interfering with interpretation 
and reducing agreement among evaluators. The ab-
sence of three-dimensional computed tomography 
also limited the analysis of complex fractures, which 
could have been better characterized by more de-
tailed methods.

Another limitation concerns the limited number 
of evaluators and the inclusion of only one observer 
per group, which may have introduced bias arising 
from intrasubject variability and the level of famil-
iarity with each classification system. Additionally, 
the time each evaluator dedicated to image analysis 
may have influenced the accuracy and consistency 
of the results.

As practical applications, the results of this study 
reinforce the need to improve radiographic teach-
ing and training methods during medical educa-
tion and orthopedic residency. Standardization of 
assessment criteria and the use of complementary 
tools – such as 3D models and reconstruction soft-
ware – may improve the reliability of classifications 
and reduce variability among observers.

Furthermore, the implementation of continuous 
training programs in radiographic interpretation and 
fracture classification may assist in making more pre-
cise decisions between surgical and conservative 
treatment, reducing reoperation rates and optimiz-
ing hospital resources.

Finally, in clinical practice, the incorporation of 
digital technologies and artificial intelligence into 
the diagnostic routine may favor the standardiza-
tion of clinical approaches, improving functional 
prognosis and greater efficiency in the manage-
ment of proximal humeral fractures. Thus, differ-
ent surgeons looking at the same radiograph may 
classify the fracture into distinct categories and 
propose completely different approaches for the 
same patient – a fact that impacts the ability to 
provide the patient with a clear prognosis regard-
ing complications or the future need for revision 
surgeries, representing a challenge in the clinical 
environment.

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


Mundo Saúde. 2026,50:e19382025
DOI: 10.15343/0104-7809.202650e19382025I

7

CRediT author statement

Conceptualization: Checchi AR; Vieira, IF; Vedam, JV. Methodology: Vieira, IF; Lima, DB; Checchi AR; Dinies, GMJ. Validation: Vieira, JLL; Lima, DB. 
Statistical analysis: Vieira, JLL; Vieira, IF. Formal analysis: Vieira, JLL; Vieira, IF; Lima, DB; Calandrini, RM. Investigation: Vieira, IF; Checchi AR; Lima, 
DB; Calandrini, RM. Writing-original draft preparation: Checchi AR; Vieira, IF; Vieira, JLL; Dinies, GMJ. Writing-review and editing: Vieira, IF; Checchi 
AR; Vieira, JLL; Calandrini, RM; Vedam, JV. Visualization: Checchi AR; Vieira, JLL; Dinies, GMJ. Supervision: Vieira, IF; Lima, DB; Vedam, JV. Project 
administration: Vieira, IF; Checchi AR; Lima, DB.

All authors have read and agreed to the published version of the manuscript.

jective, integrated, and reproducible classification 
methods continues to be an essential challenge for 
modern orthopedic practice.

For future studies, more in-depth analyses are sug-

gested, considering the evaluation of simple versus 
complex fractures, two-, three-, and four-part frac-
tures, and the impact of professional experience on 
each proximal humeral fracture classification system.
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