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ABSTRACT: The intraobserver reliability and inter-
observer reproducibility of the Neer classification sys
tem were assessed on the basis of the plain radiographs 
and computerized tomographic scans of twenty frac
tures of the proximal part of the humerus. To de
termine if the observers had difficulty agreeing only 
about the degree of displacement or angulation (but 
could determine which segments were fractured), a 
modified system (in which fracture lines were con
sidered but displacement was not) also was assessed. 
Finally, the observers were asked to recommend a 
treatment for the fracture, and the reliability and re
producibility of that decision were measured. The ra
diographs and computerized tomographic scans were 
viewed on two occasions by four observers, including 
two residents in their fifth year of postgraduate study 
and two fellowship-trained shoulder surgeons. Kappa 
coefficients then were calculated. The mean kappa co
efficient for intraobserver reliability was 0.64 when 
the fractures were assessed with radiographs alone, 
0.72 when they were assessed with radiographs and 
computerized tomographic scans, 0.68 when they were 
classified according to the modified system in which 
displacement and angulation were not considered, and 
0.84 for treatment recommendations; the mean kappa 
coefficients for interobserver reproducibility were 0.52, 
0.50, 0.56, and 0.65, respectively. The interobserver re
producibility of the responses of the attending surgeons 
regarding diagnosis and treatment did not change when 
the fractures were classified with use of computerized 
tomographic scans in addition to radiographs or with 
use of the modified system in which displacement and 
angulation were not considered; the mean kappa coef
ficient was 0.64 for all such comparisons. Over-all, the 
addition of computerized tomographic scans was asso
ciated with a slight increase in intraobserver reliability 
but no increase in interobserver reproducibility. The 
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classification of fractures of the shoulder remains dif
ficult because even experts cannot uniformly agree 
about which fragments are fractured. Because of this 
underlying difficulty, optimum patient care might re
quire the development of new imaging modalities and 
not necessarily new classification systems. 

The Neer system commonly is used to classify frac
tures of the proximal part of the humerus. Nevertheless, 
the authors of two recent studies questioned the reli
ability of this system when the classifications are as
signed on the basis of plain radiographs78. Subsequent 
debate has centered over whether those studies78 in
validate the Neer system or rather illustrate a need 
to modify its application1256. Various authors have sug
gested that perhaps the classification should be assigned 
only at the time of operative exploration6, that only 
experts should use the system5, or that other imaging 
modalities should be used to assign the classification1. 

The purpose of the present study was to determine 
the reliability and reproducibility of the classification of 
fractures with the Neer system on the basis of compu
terized tomographic scans and plain radiographs. In ad
dition, we hoped to determine whether the relatively 
low level of reproducibility that has been associated 
with the Neer system in previous studies78 was due to 
difficulty in determining which segments of the proxi
mal part of the humerus were fractured or rather to 
difficulty in determining whether a segment was suf
ficiently displaced to be considered a distinct part. 
To that end, we evaluated a modified system in which 
every fractured anatomical segment (as described by 
Neer) was considered to be a distinct fracture fragment 
even if the criteria for displacement or angulation de
scribed by Neer were not met — that is, even if the 
segment was displaced less than one centimeter or an-
gulated less than 45 degrees. Finally, we attempted to 
determine whether the decision to explore a fracture 
operatively in order to obtain an intraoperative classifi
cation can be made reliably. 

Materials and Methods 

Our initial database comprised all proximal humeral 
fractures for which computerized tomographic scans 
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TABLE 1 
KAPPA COEFFICIENTS FOR INTRAOBSERVER RELIABILITY 

Residents 
Over-All 

Attendings 
1 

Radiographs alone 

Computerized tomographic scan and radiographs 
Standard 16-type Neer classification 
Modified 6-type Neer classification 

Instances in which classification based on 
computerized tomographic scan agreed 
with that based on radiographs alone 

Computerized tomographic scan 
(displacement and angulation ignored) 

Decision to treat operatively 

0.64 0.64 0.61 0.73 0.57 

0.72 
0.72 

0.81 

0.68 

0.84 

0.73 
0.70 

0.76 

0.57 

0.90 

0.63 
0.70 

0.87 

0.73 

0.90 

0.79 
0.76 

0.84 

0.63 

0.70 

0.73 
0.70 

0.75 

0.79 

0.87 

had been made at one of two trauma centers between 
1992 and 1994. Additional consideration was given only 
to those fractures for which at least good axillary and 
anteroposterior radiographs also were available. The 
quality of the radiographs was assessed by the senior 
one us (J. P. I.), who did not serve as an observer in the 
study. From an initial group of forty-six fractures, twenty 
were found to have suitable radiographs and therefore 
were available for classification. 

The radiographs and computerized tomographic 
scans were presented to four observers, on two separate 
occasions at least eight weeks apart, with use of a 
method similar to that described by Sidor et al. The 
observers included two chief residents in their fifth 
year of postgraduate study (J. B. and J. E. B.) and two 
fellowship-trained, board-certified shoulder specialists 
(R. M. D. and G. R. W.) who had extensive experience 
in the treatment of proximal humeral fractures. All of 
the observers were familiar with the Neer system. A 
goniometer, a ruler, and a chart showing the Neer clas
sification were available at each viewing. The observers 
viewed the radiographs and computerized tomographic 
scans of each fracture one at a time. The plain radio
graphs were shown first, and the observer was asked 
several questions: (1) What segments of the proximal 
part of the humerus are fractured? (2) What segments 
of the proximal part of the humerus are fractured and 
displaced by at least one centimeter or angulated at 
least 45 degrees? (3) What is the Neer classification 
for this injury? (4) Would you treat such a fracture op
eratively? (5) Would you, in a clinical setting, order a 
computerized tomographic scan for this patient? (The 
observer was permitted to respond "not certain" to the 
first three questions.) With the radiographs still avail
able, the observer then was shown the computerized 
tomographic scan and was asked to answer the first four 
questions again. 

The answers were tabulated, and measures of in
traobserver reliability and interobserver reproducibility 
were obtained for several parameters: the complete 
Neer classification based on plain radiographs alone; 
the complete Neer classification based on plain radio

graphs and computerized tomographic scans; a modi
fied Neer classification that included six types of frac
tures (one, two, three, and four-part fractures; articular 
fractures; and fracture-dislocations); a modified com
plete Neer classification in which any displacement or 
angulation indicated that a fracture fragment was to be 
considered a part; and the recommended treatment. We 
also determined the consensus diagnosis for each frac
ture (by majority rule), first on the basis of radiographs 
alone and then on the basis of radiographs as well as 
computerized tomographic scans. When an observer 
was not certain of a classification on the basis of radio
graphs alone, the responses of that observer regarding 
that fracture were excluded from comparison with those 
of the other observers. The option to answer "not cer
tain" was explicitly denied to the observers when they 
classified the fractures on the basis of the computerized 
tomographic scans. All possible pairs were compared, 
and means were calculated for each observer. 

Reliability and reproducibility were assessed with 
use of kappa statistics, as described by Dunn. The kappa 
coefficient represents the percentage of instances of 
agreement while the likelihood of agreement based 
on chance alone is taken into account. A kappa coeffi
cient of 1.00 indicates that there is perfect agreement, 
whereas a kappa coefficient of 0.00 implies no more 
agreement than would be expected by chance alone. The 
kappa coefficients were interpreted according to the 
guidelines described by Landis and Koch: values of less 
than 0.00 indicate poor agreement; 0.00 to 0.20, slight 
agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, 
moderate agreement; 0.61 to 0.80, substantial agree
ment; and more than 0.80, excellent agreement. 

Results 

The consensus diagnoses that were based on the 
computerized tomographic scans included four non-
displaced, six two-part, six three-part, and four four:part 
fractures. Total unanimity — with all four observers as
signing the same classification after both viewings — 
was achieved only three times. 

Only four consensus diagnoses changed when the 
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TABLE II 

KAPPA COEFFICIENTS FOR INTEROBSERVER REPRODUCIBILITY 

Radiographs alone 

Computerized tomographic scan and radiographs 
Standard 16-type Neer classification 
Modified 6-type Neer classification 

Computerizxd tomographic scan 
(displacement and angulation ignored) 

Decision to treat operatively 

Over-All 

0.52 

0.50 
0.54 

0.56 

0.65 

Residents > 

0.57 

0.41 
0.58 

0.49 

0.47 

Only Attendings 

0.64 

0.64 
0.64 

0.64 

0.64 

Only Best Over-All 

Resident 1 (0.65)* 

Attending 1 (0.59) 
Attending 1 (0.61) 

Attending 1 (0.64) 

Attending 2 (0.87) 

*Residenl 1 was "not certain" of the classification of eight of the twenty fractures; this kappa coefficient represents the instances in which i 
specific diagnosis was chosen. 

observers viewed the computerized tomographic scan 
after seeing the radiographs. The consensus regarding 
the treatment of three of those four fractures did not 
change. 

After viewing the radiographs alone, the resident 
observers indicated that they were not certain of the 
diagnosis a total of nine times; the attending observers 
never did so. The resident observers said that they 
would order a computerized tomographic scan on both 
viewings nine times, and the attending observers did so 
eleven times. 

Jntraobserver Reliability (Table I) 

Kappa statistical analysis showed substantial intra-
observer reliability when the diagnosis was based on 
radiographs alone; the over-all mean kappa coefficient 
was 0.64. The mean kappa coefficient increased to 0.72 
(also substantial reliability) when computerized tomo
graphic scans were added to the analysis, and it re
mained at that level when the fractures were classified 
according to the modified Neer system that included 
only six types of fractures. The reliability was excel
lent (K = 0.81) when the analysis included only the frac
tures for which the observer's classification that was 
based on both the computerized tomographic scan and 
the radiographs agreed with his observation based on 
radiographs alone, and the reliability was substantial 
(K = 0.68) when the fractures were classified according 
to the modified complete Neer system that did not dis
tinguish between displaced and non-displaced frac
tures. Finally, the decision to treat a given fracture with 
an operation was associated with excellent reliability 
(K = 0.84). 

Interobserver Reproducibility (Table II) 

Including only the instances in which the observer 
had committed to a diagnosis, interobserver reproduc
ibility was moderate (K = 0.52) when the diagnosis was 
based on radiographs alone. Pairwise comparisons dem
onstrated moderate agreement between the responses 
of the resident observers (K = 0.57) and substantial 
agreement between those of the attending observers 
(K = 0.64). 

Interobserver reproducibility remained moderate 

(K = 0.50) when computerized tomographic scans were 
added to the analysis. Pairwise comparisons demon
strated only moderate agreement between the responses 
of the resident observers (K = 0.41) but substantial agree
ment between the responses of the attending observers 
(K = 0.64). 

Use of the modified six-category Neer system in 
which all fractures of a given number of parts were 
considered the same also did not elevate interobserver 
reproducibility beyond the moderate range (K = 0.54). 
However, there still was substantial agreement between 
the responses of the attending observers (K = 0.64). 

With use of the modified complete Neer system that 
did not distinguish between displaced and non-displaced 
fractures, we still noted only moderate reproducibility 
(K = 0.56) between all pairs of observers. 

Finally, the decision to treat a given fracture opera
tively was associated with substantial interobserver re
producibility (K = 0.65). (This rate of agreement was, of 
course, affected not only by the observers' interpreta
tion of the diagnostic images, but also by their under
standing of what constitutes the best treatment of a 
given injury.) 

Discussion 

Substantial intraobserver reliability (K = 0.64) and 
moderate interobserver reproducibility (K = 0.52) were 
noted when the fractures in the present study were clas
sified on the basis of radiographs alone; these findings 
are similar to those reported by Sidor et al., who re
ported kappa values of 0.66 and 0.50, respectively. When 
computerized tomographic scans were added to the 
analysis, we found that intraobserver reliability in
creased slightly but remained in the substantial range 
(K = 0.72) and that interobserver reproducibility re
mained in the moderate range (K = 0.50). 

We noted substantial interobserver agreement be
tween the responses of the attending observers when 
the fractures were classified on the basis of computer
ized tomographic scans (K = 0.64). This kappa value was 
better than that associated with even the best single pair 
of viewings in the study by Sidor et al. Nevertheless, 
there also was substantial agreement among the re
sponses of the attending observers when the classifica-
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tion was based on radiographs alone. Thus, the use of 
computerized tomographic scans did not increase the 
reproducibility in this group. (As there was only one 
shoulder specialist in the study by Sidor et al., those 
authors were not able to evaluate the reproducibility 
between the responses of specialists.) 

Use of the modified Neer system that included only 
six (as opposed to sixteen) types of fractures did not 
elevate interobserver reproducibility beyond the mod
erate range: the mean kappa coefficient increased only 
slightly, from 0.50 to 0.54. Thus, we infer that there is 
little to be gained by this modification: less informa
tion is conveyed, and there is no marked increase in 
reproducibility. 

Perhaps the most surprising and important finding 
in the present study is that the reproducibility of the 
classifications that were based on the separation of seg
ments (without regard to the degree of displacement or 
angulation) did not exceed the moderate range (K = 
0.56) — that is, a given pair of observers could not agree 
which segments were involved in nearly one-half of the 
fractures. Thus, the problem was not related to diffi
culty in agreeing whether the criteria for displacement 
were met. This finding implies that any classification 
system that is based on the anatomical segment schema 
of Neer cannot exceed moderate reproducibility. The 
difficulty in applying the Neer system probably is a man
ifestation of the difficulty that even experts have in 
interpreting imaging studies of the proximal part of the 
humerus and is not a conceptual flaw of the system itself. 
One might argue that surgeons could apply the system 
with ease if they could be certain which segments were 
fractured. 

We believe that if one wished to devise a new sys
tem that could be applied with greater reproducibility, 
the classifications could not be conceptually based on 
anatomical segments; the findings of the present study 
indicate that reliable information regarding the status 
of anatomical segments is lacking even after experts 
consult a computerized tomographic scan and adequate 
trauma radiographs. Thus, the so-called bottleneck for 
systems in which the classification of proximal humeral 
fractures is based on anatomical segments is that even 
experts disagree more than one-third of the time about 
which segments are fractured. 

The purpose of the present study was not to assess 
the underlying scientific validity of the Neer system. A 
system has such validity if the categories within it have 
their own unique natural history, prognosis, or treat
ment requirements. We did not assess that; we evaluated 
only the clinical application of radiographs and com
puterized tomographic scans as tools for employing the 
system. We found that the system could not be ap
plied with excellent reproducibility, even by experts. 
This finding in no way vitiates the underlying validity 
of the system when it is applied correctly. Indeed, while 
each of the fracture types described by Neer may have 

its own unique natural history, prognosis, or treat
ment requirements, computerized tomographic scans 
and plain radiographs are insufficient to distinguish 
among them. As Neer stated in his classic article, "[It] is 
essential that the lesion under consideration be clearly 
defined."5 Computerized tomographic scans and plain 
radiographs often are inadequate for that purpose. 

We also did not address the question of whether 
computerized tomographic scans always are indicated. 
The consensus regarding the treatment of one of the 
twenty fractures changed from a non-operative plan to 
an operative plan after the computerized tomographic 
scan had been viewed. We infer from this finding that it 
is possible to underestimate the severity of the fracture 
on the basis of plain radiographs. The true rate at which 
computerized tomographic scanning changes the treat
ment plan can be measured only in a prospective series 
in which all proximal humeral fractures are evaluated 
with computerized tomography and the observers are 
asked to define a treatment plan before and after con
sulting the scan. (In the present study, we examined only 
humeral fractures that a clinician had decided to evalu
ate with a computerized tomographic scan.) 

Computerized tomographic scans also may pro
vide information that was not assessed in the present 
study, such as the presence of abnormalities of the glen
oid or the type of fixation needed. Although the at
tending surgeons in the present study never indicated 
that they were "not certain" of the classification on the 
basis of plain radiographs alone, they said that, in a 
clinical situation, they would order a computerized 
tomographic scan to evaluate more than one-half of the 
fractures; this suggests that they used the scans to an
swer questions other than those regarding the classifi
cation of the fracture. 

Over-all, the experts in our study classified proximal 
humeral fractures with substantial reproducibility on 
the basis of radiographs alone. The reliability of the 
non-experts was excellent when we considered only 
the instances in which the classification based on radio
graphs did not change after the computerized tomo
graphic scan had been viewed. However, when we 
limited ourselves to the instances when such agreement 
took place, many of the fractures (more than one-half) 
were deemed impossible to classify. 

We also question whether the guidelines described 
by Landis and Koch are appropriate for the assessment 
of fracture classifications. Those guidelines were devised 
to measure agreement, not accuracy. Ideally, we would 
like to be able to assess whether classifications made 
within a system are accurate — that is, whether they are 
in agreement with some standard. In the absence of such 
a standard, we must settle for an assessment of the 
agreement between observers in the hopes that errors 
will be distributed randomly and that agreement will be 
achieved only when both observers are correct. 

The guidelines described by Landis and Koch may 
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be perfectly appropriate for assessing agreement in sub
jective settings in which there is no standard. Nonethe
less, those guidelines may be too lenient as a means of 
assessing fracture classifications: what may be excellent 
in terms of agreement may be far from excellent in 
terms of accuracy. 

The kappa statistic provides an indirect method 
of inferring the diagnostic accuracy of each observer. 
As the calculation of this statistic factors out random 
matches, a credited match occurs only when both ob
servers make the correct diagnosis. Accordingly, the 
approximate upper bounds on the mean diagnostic ac
curacy for two observers is the square root of their rate 
of agreement (kappa). While a kappa of 0.81 indicates 
excellent agreement, this level of agreement implies an 
approximate diagnostic accuracy of only 90 per cent. If 
the observers agree on the diagnosis only 64 per cent of 
the time, the level of agreement is termed substantial 
according to the guidelines described by Landis and 
Koch but the mean diagnostic accuracy is only about 80 
per cent. A kappa of 0.90, implying a diagnostic accuracy 
of 95 per cent, may be more appropriate for the purpose 
of assessing fracture classifications. 

Classifications that are assigned on the basis of com

puterized tomographic scans and plain radiographs ac
cording to the Neer system are not very reliable or 
reproducible. This, we have shown, is due to difficulty 
in determining which segments are fractured. This is 
not a limitation of the Neer system per se, but of any 
system of classification of proximal humeral fractures 
that'requires identification of the fractured fragments. 
If the treatment of proximal humeral fractures demands 
knowledge of which fragments are fractured, a point 
not addressed in the present study, then new imaging 
techniques or other diagnostic modalities (for exam
ple, a fluoroscopic examination with the patient under 
anesthesia) must be developed in order to diagnose the 
fracture correctly. The abandonment of the Neer clas
sification may allow a more reproducible system to 
emerge. By definition, however, that system will convey 
less information regarding the anatomy of the fracture: 
it cannot both be reliable and assess which fragments 
are fractured, as such information routinely is lacking. 
Furthermore, to tout that new classification system as 
reliable may give the false impression that the diffi
culties that commonly are encountered in the interpre
tation of diagnostic images of the shoulder have been 
resolved. 
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