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Abstract Twenty-four orthopaedic surgeons classified
42 pairs of radiographs according to the Neer system for
proximal humeral fractures. Mean kappa value for inter-
observer agreement was 0.27 (95% CI 0.26-0.28) with
no clinically significant difference between orthopaedic
residents (n=9), fellows (n=6) and specialists (n=9).
Mean kappa for agreement of displacement versus non-
displacement was 0.41 (95% CI 0.39-0.43) overall, and
0.50 (95% CI 0.45-0.56) within the specialist group. The
agreement found in our study is unsatisfactory from a
clinical perspective.

Résumé 24 chirurgiens orthopédistes ont classé 42 paires
de radiographies selon la classification de Neer pour les
fractures humérales proximales. La valeur moyenne du
kappa pour I’accord inter-observateur était 0.27 (95% CI
0.26-0.28) sans différence significative entre résidents
(n=9), chirurgiens juniors (n=6) et chirurgiens spécialistes
(n=9). La valeur moyenne du kappa pour I’accord sur le
critere déplacement ou non-déplacement était globalement
0.41 (95% CI 0.39-0.43), et, dans le groupe spécialiste
0.50 (95% CI 0.45-0.56). Dans une perspective clinique
I’accord trouvé dans notre étude est peu satisfaisant.

Introduction

The Neer classification [11] (Fig. 1) of proximal humeral
fractures is commonly used. Several previous studies
have shown poor agreement between observers using the
system [1, 2, 3,9, 12, 13, 14, 15, 16]. Low agreement
might explain conflicting study outcomes of the treat-
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ment of three- and four-part fractures [4]. All previous
observer studies have used a fairly limited number of
observers or cases. Thus, the general agreement among
doctors using the Neer system, and especially sub-
analyses of the agreement on certain Neer categories,
and on the agreement within different levels of clinical
experience, have been somewhat imprecisely estimated.
We conducted a large study based on a consecutive
series of cases, and included as observers the full medi-
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Fig. 1 The Neer system for classification of proximal humeral
fractures. Reprinted with permission
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cal staff at the department of orthopaedic surgery in a
large university hospital. Our primary aim was to inves-
tigate the inter-observer variation within a large group of
orthopaedic surgeons using the Neer system. Our sec-
ondary aims were to study whether the inter-observer
variation differed between doctors at three levels of clin-
ical experience and how much the inter-observer varia-
tion changed if the Neer system was reduced to a binary
classification (i.e. displaced versus non-displaced).

Material and methods

A consecutive series of 42 proximal humeral fractures in patients
discharged from our department within an arbitrarily chosen
10-week period was identified. Plain anterior-posterior and lateral
radiographs were available for all cases. No selection according to
the quality of radiographs was performed, and none of the cases
underwent additional CT or MRI scans subsequently.

The entire medical staff on duty in our department on a certain
day was included as observers. After a brief introduction the ob-
servers were provided with a ruler and goniometer, and a diagram
of the Neer system with a written definition of displacement. They
were all asked to classify all cases independently. None of the ob-
servers were informed about the study prior to the classification
and were not permitted to communicate during the classification.
The authors did not participate as observers.

Statistics

Agreement between observers was calculated using kappa statis-
tics. Kappa statistics adjusts simple observed agreement for chance
agreement. The kappa coefficients range from 1 (perfect agree-
ment) through O (chance agreement) to less than O (systematic dis-
agreement). According to Landis and Koch [10] values less than 0
indicate poor reliability, 0.00-0.20 slight reliability, 0.21-0.40 fair
reliability, 0.41-0.60 moderate reliability, 0.61-0.80 substantial
agreement, and 0.81-1.00 excellent or almost perfect agreement.

Prior to calculations the original 16 Neer groups were reduced
to six groups (Table 1). Mean kappa values for all pairs of observ-
ers were calculated, and a pre-defined subgroup analysis of agree-
ment within three levels of clinical experience was performed. In
addition, a calculation of mean kappa values for displaced versus
non-displaced fractures was performed, and 95% confidence inter-
vals were calculated according to Svanholm et al. [17].

Results

Twenty-four doctors (nine orthopaedic residents, six fel-
lows and nine specialists) participated in the study and
classified all cases. Mean kappa for agreement between
all pairs of observers was 0.27 (95% CI 0.26-0.28). No
clinically important difference between the mean kappa
values of residents, fellows and specialists was detected
(Table 2). Inexperienced doctors tended to classify more
fractures as displaced, but otherwise there were no dif-
ferences between the three levels of experience. The
highest agreement was found for the categories “non-dis-
placed” and “fracture dislocation” (Table 1). If the Neer
system was reduced to a binary classification (Neer
group 1 versus all other groups), mean kappa was 0.41
(95% CI 0.39-0.43) overall and for specialists 0.50 (95%
CI1 0.45-0.56).

Table 1 Proportional distribution and inter-observer (n=24) agree-
ment of the six main categories

Proportion Mean kappa
Non-displaced 0.21 0.41
Two-part fractures 0.42 0.18
Three-part fractures 0.21 0.22
Four-part fractures 0.07 0.16
Fracture-dislocation 0.08 0.44
Articular surface 0.01 0.12

Table 2 Mean kappa values (95% CI) for pairs of observers in a
six-group classification

Number Mean kappa
All observers 24 0.27 (0.26-0.28)
Residents 9 0.26 (0.23-0.29)
Fellows 6 0.21 (0.16-0.25)
Specialists 9 0.33 (0.30-0.35)

Discussion

Our study confirmed the poor inter-observer agreement
found in previous studies of the Neer system based on
plain radiographs. Kristiansen et al. [9] reported paired
kappa values between 0.07 and 0.48. Sidor et al. [13]
reported a mean kappa value of 0.50. Siebenrock and
Gerber [14] reported a mean kappa value of 0.40. Brien
et al. [3] reported a mean kappa-value of 0.45. Bernstein
et al. [2] reported a mean kappa value of 0.52. No signif-
icant improvement of mean kappa values has been dem-
onstrated despite exclusive use of high-quality radio-
graphs [2, 13] or by adding CT scans and three-dimen-
sional reconstructions [2, 12, 15, 16].

We used a larger number of observers than in any pre-
vious study and imitated the clinical situation by exclu-
sively using unselected and consecutive radiographs. We
found even lower mean kappa values than the previous
studies. However, comparisons of kappa values from dif-
ferent studies may be problematic, as kappa changes with
the prevalence of the diagnosis [6]. In our sample we
found a prevalence of displaced fractures of 79%, which
is considerably higher than the prevalences reported by
Neer [11] (20%), Horak and Nilsson [7] (39%), Kiar
et al. [8] (57%) and Court-Brown et al. [5] (51%). Our
finding may be due to differences in classifying among
our observers or due to an unrepresentative sample of
radiographs. However, from a clinical perspective, the
reported levels of observer agreement are far from satis-
fying. A different distribution of the categories may be
expected if the observers were asked initially to classify
the radiographs into two or six categories instead of 16
categories. However, Sidor et al. [13] and Bernstein et al.
[2] found no increase in kappa when they reduced the
number of units in the Neer system prior to classification.

Several studies have addressed the impact of clinical ex-
perience when using the Neer system, but the results have
been inconsistent. A study including four observers [9]



found the lowest level of agreement in pairs involving the
less experienced observer. Sidor et al. [13] reported a
slightly higher agreement between attending physicians.
Siebenrock and Gerber [14] included shoulder surgeons ex-
clusively and ruled out lack of experience as a main factor
contributing to low agreement. Sallay et al. [12] concluded
that inter-observer agreement was suboptimal regardless of
the level of experience. We included substantially more ob-
servers than in any previous study and found that special-
ists performed slightly better than residents and fellows.
Even so, all kappa values were unsatisfactorily low.

In making clinical decisions, not all categories in the
Neer system are of equal significance. The initial deci-
sion of whether to treat the patient conservatively with a
sling and early exercises or to consider other procedures
depends on the ability to distinguish displaced fractures
from non-displaced. We found the highest agreement on
these two main types of fractures among orthopaedic spe-
cialists. However, an increase in kappa is expected due to
a reduced number of categories, and a kappa-value of
0.50 is still dissatisfying from a clinical perspective.

To safely recommend the Neer system for high
quality clinical care and research, ways of improving
inter-observer variation must be identified. We recom-
mend further studies into means of improving observer
agreement, e.g. educational interventions.
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