ARTICLE IN PRESS
J Shoulder Elbow Surg (2009) -, 1-6

www.elsevier.com/locate/ymse

Management of proximal humeral fractures: Surgeons
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Hypothesis: The management options for proximal humeral fractures have expanded in recent years.
Patients with displaced, unstable proximal humeral fractures may have improved outcomes if managed
operatively. We investigated the decision making of fellowship-trained orthopedic surgeons when presented with the same group of cases. We hypothesized that interobserver and intraobserver agreement
for surgical management would be poor and independent of fellowship training.
Method: Eight fellowship-trained orthopedic surgeons (3 shoulder, 5 trauma) viewed the preoperative
plain radiographs of patients with proximal humeral fractures. All surgeons viewed the same 38 radiographs in a blinded fashion. Surgeons chose from 1 of 6 management options. Interobserver variability
was calculated by using the weighted k coefficient. Intraobserver variability was calculated by comparing
each surgeon’s survey results with the operation they originally performed.
Results: Overall interobserver agreement on management was moderate (weighted k ¼ 0.41) and did not
differ significantly between trauma surgeons and shoulder surgeons. Reducing the number of management
choices increased agreement between all surgeons. Testing for intraobserver agreement showed that
surgeons picked the same operation in the survey as in the actual clinical setting only 56% of the time.
Conclusion: Interobserver agreement was moderate overall and improved when the number of management choices was reduced. Intraobserver agreement was less frequent, however, raising the question
about consistent decision making by a given surgeon. Although surgeons agree in the method of treatment
only to a modest degree, it remains for further outcomes research to establish if the choice of treatment
actually influences the clinical outcome.
Level of evidence: Level 4, case series.
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Proximal humeral fractures account for 4% to 5% of all
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81657.
E-mail address: Marilee.horan@shsmf.org (P.J. Millett).

years.1 In patients aged older than 65, they represent the third
most common fracture, after hip and distal radius fractures.1
Proximal humeral fractures are increasing in incidence as the
population ages.10 Historically, up to 80% of proximal
humeral fractures have been considered appropriate for
nonoperative treatment.17 A wide variety of options are
available for the remaining 20% in which operative fixation is
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indicated. In recent years the management options for
proximal humeral fractures have expanded to include closed
reduction alone, closed reduction and percutaneous pinning,
open reduction and transosseous suture fixation, intramedullary nailing (IM), open reduction and internal fixation
(ORIF) with conventional plating techniques, ORIF with
fixed angle devices, and arthroplasty.6,7,14,19,20,27 The current
recommendation is that fractures of the proximal humerus
with parts that are displaced greater than 45 or 1 cm be
managed with closed or open reduction and operative fixation, as determined by the stability of the fragments and
patient-specific factors.17,18
Despite these recommendations, the treatment rendered
often varies significantly between surgeons. There is
currently no literature clearly illustrating the variability of
surgical decision making between surgeons with regard to
proximal humeral fractures. The purpose of our study was
to investigate the decision making of shoulder and trauma
fellowship-trained orthopedic surgeons when presented
with the same group of patients managed at 2 affiliated
level 1 trauma centers. We hypothesized that the interobserver agreement for surgical management based on plain
radiographs would be poor and independent of fellowship
training, and further hypothesized that intraobserver
agreement would also be poor.

Materials and methods
This study was approved by the Institutional Review Board of
Partners Human Research Committee (IRB# 2005-P-002450/1).
This investigation was performed at Massachusetts General
Hospital and Brigham and Women’s Hospital, Boston,
Massachusetts.
Eight attending orthopedic surgeons, including 3 authors
(M.B.H., P.J.M., J.P.W.), consented to participate in the study.
Among the 8 surgeons, 3 were fellowship-trained in shoulder
surgery, 4 in orthopedic traumatology, and 1 completed an upper
extremity surgery fellowship specializing in upper extremity
trauma and was included with the other 4 trauma surgeons for
statistical purposes. All surgeons were well experienced in both
the operative and nonoperative treatment of these fractures and
had an average of 12.6 years of experience after fellowship, as
summarized in Table I. Furthermore, all reviewers were experienced in operative fixation methods discussed in the survey, each
reporting treating approximately 20 cases operatively each year.
Excluding isolated tuberosity fractures, all proximal humeral
fractures treated operatively at 2 affiliated level 1 trauma centers
between 2000 and 2005 by these surgeons were gathered into
a database for a total of 185 patients. Patients that possessed
adequate and available preoperative radiographs were included in
the survey (94 operative cases plus 6 randomly chosen nonoperative cases). Computed tomography (CT) scans were not included
for review.
Two authors who did not participate in the survey constructed
a PowerPoint (Microsoft Corp, Redmond, WA) file for each
surgeon to review. Each case presentation included the pertinent
history, physical examination findings, and medical comorbidities
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along with at least 3 radiographs (scapular anteroposterior, axillary, scapular Y views). Each survey included a common pool of
32 operative cases (4 from each surgeon, chosen to represent
a wide variety of Neer fracture types) and 6 nonoperative cases,
which were reviewed by all surgeons. In addition, each surgeon’s
survey contained all of his own patients during that time period
treated operatively (with adequate and available preoperative
radiographs) that were not included in the common pool (range, 311 additional cases). Patients were given a random number and
presented in a blinded fashion to the surgeons.
For each patient, surgeons were asked to choose 1 of 6
management options (Table II): (1) nonoperative, (2) closed
manipulation under anesthesia, (3) closed or open reduction and
percutaneous pinning; (4) ORIF with a fixed-angle device (proximal humeral locking plate or blade plate); (5) ORIF with an
alternative fixation device (such as suture fixation, IM nail, or
tension band); or (6) hemiarthroplasty.

Statistical analysis
Interobserver variability was calculated using the k coefficient
generated by SAS 9.1 software (SAS Institute Inc, Cary, NC). As
described by Landis,13 the k coefficient measures the percentage
of instances of agreement, taking into account agreement by
chance alone. A value of k ¼ 1.00 indicates perfect agreement,
whereas k ¼ 0.00 indicates no more agreement than expected by
chance alone. According to the guidelines presented by Landis,
values of less than 0.20 represent poor or slight agreement, 0.21 to
0.40 represent fair agreement, 0.41 to 0.60 represent moderate
agreement, 0.61 to 0.80 represent substantial agreement, and
values of 0.81 or greater represent excellent agreement. Intraobserver variability was calculated comparing the percentage of
time surgeons chose the same option in the survey as in the
original clinical setting.
The c2 test was used to test for differences between groups. The
correlation coefficient was used to test for correlation between years
of experience and intraobserver variability. The statistics for interobserver and intraobserver variability were run again, decreasing
the heterogeneity into 3 armed responses: closed treatment (choices
1 and 2) vs operative fixation (choices 3, 4, and 5) vs hemiarthroplasty (choice 6). This was again repeated, further decreasing
heterogeneity into 2 armed responses: nonoperative management
(choices 1 and 2) vs operative management (choices 3, 4, 5, and 6).

Results
The common pool of 38 patients reviewed by each surgeon
contained 32 operative and 6 nonoperative cases. The
original treatment performed on the 32 operative patients
was as follows: closed manipulations under anesthesia in 2;
closed reduction percutaneous pinning in 5; proximal
humeral locking plates in 17; and hemiarthroplasty in 8. Of
the 38 patients, there was perfect agreement among all 8
surgeons in only 4 patients: 2 nonoperative, 1 proximal
humeral locking plate, and 1 hemiarthroplasty.
Interobserver agreement between all surgeons by
k coefficient was 0.41 (95% confidence interval [CI],
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Table I
Surgeon

Intraobserver agreement
Individual
Specialty

1
2
3
4
5
6
7
8

3

Years of exp

Trauma
4
Trauma
22
Shoulder
6
Shoulder
6
Trauma
8
Trauma
20
Trauma
17
Shoulder
18
Weighted average
Overall
Trauma
Shoulder

Cases

Perfect match

%

Non-op vs fix vs hemi

%

Non-op vs op

%

8
8
7
11
15
13
9
14

4
5
3
5
11
8
4
8

50.0
62.5
42.9
45.5
73.3
61.5
44.4
57.1

4
5
6
9
11
8
4
13

50.0
62.5
85.7
81.8
73.3
61.5
44.4
92.9

5
5
6
10
14
8
7
14

62.5
62.5
85.7
90.9
93.3
61.5
77.8
100.0

85
53
32

48
32
16

56.5
60.4
50.0

60
32
28

70.6
60.4
87.5

69
39
30

81.2
73.6
93.8

Table II

Management choices presented for each case

Choice

Description

1
2
3
4

Nonoperative
Closed manipulation under anesthesia
Closed reduction and percutaneous pinning
ORIF with fixed-angle device (proximal humeral
locking plate)
ORIF with alternative method (suture fixation)
Hemiarthroplasty

5
6

ORIF, open reduction, internal fixation.

0.38-0.44). The interobserver agreement between trauma
surgeons only was 0.44 (95% CI, 0.37-0.51), and the
interobserver agreement between shoulder surgeons only
was 0.50 (95% CI, 0.42-0.59). Decreasing the heterogeneity of responses to 3 possibilities (nonoperative: 1 and 2;
internal fixation: 3, 4, and 5; hemiarthroplasty: 6) resulted in
a slight increase in the overall k coefficient to 0.45 (95% CI,
0.42-0.48), the k coefficient among trauma surgeons to 0.44
(95% CI, 0.36-0.51), and the k coefficient among shoulder
surgeons to 0.52 (95% CI, 0.42-0.63).
Further decreasing the heterogeneity of responses to 2
possibilities (nonoperative: 1 and 2; operative: 3, 4, 5, 6)
showed a higher level of agreement among surgeons.
Overall, the k coefficient was 0.48 (95% CI, 0.44-0.52) for
the 2-armed response. The agreement between trauma
surgeons increased to 0.47 (95% CI, 0.38-0.55), and the
agreement between shoulder surgeons increased to 0.71
(95% CI, 0.44-0.71). There was no statistically significant
difference between subspecialties.
The number of cases used for intraobserver agreement
ranged from 7 to 15 (Table I). An evaluation of each
surgeon’s intraobserver agreement showed that surgeons
chose the same management option in the survey as in the
original clinical setting only 56.5% (range, 44.9%-73.3%)

of the time. Intraobserver agreement was 60.4% (range,
44.4%-73.3%) for trauma surgeons and 50.0% (range,
42.9%-57.1%) for shoulder surgeons. This difference was
not significantly different.
When the heterogeneity of responses was decreased to 3
armed responses (nonoperative: 1, 2; internal fixation: 3, 4,
5; and hemiarthroplasty: 6), the overall intraobserver
agreement increased to 70.6% (range, 44.4%-92.9%).
Shoulder surgeons showed an increase in agreement to
87.5% (range, 81.8%-92.9%), whereas the intraobserver
agreement for trauma surgeons was unchanged at 60.4%
(range, 44.4%-73.3%). For the 3-armed response, shoulder
surgeons were more consistent in their decision making
than trauma surgeons (P ¼ .008). Further decreasing the
heterogeneity of responses to nonoperative (1 and 2) and
operative (3-6) resulted in an increase in overall intraobserver agreement to 81.2% (range, 61.5%-100%). For the
2-armed responses, intraobserver agreement among
shoulder surgeons increased to 93.8% (range, 85.7%-100%)
and increased among trauma surgeons to 73.6% (range,
61.5%-93.3%). Again, for the 2-armed responses, shoulder
surgeons were more consistent in their decision making
than trauma surgeons (P ¼ .02).
When intraobserver agreement was evaluated with
respect to the surgeon’s experience, no significant correlation was found between years of experience and intraobserver agreement. Further, when surgeons were divided
into those with more than 10 years experience (4 surgeons)
and less than 10 years experience (4 surgeons), no difference was found between groups using c2 analysis.

Discussion
This study illustrates an overall lack of agreement
regarding management among 8 orthopedic surgeons who
actively treat proximal humeral fractures at 2 affiliated
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Figure 1
(A-D) Preoperative and postoperative images of a 79-year-old retired woman without significant medical comorbidities. Only
2 of 8 surgeons agreed with the initial management. The treating surgeon chose nonoperative management on the survey.

hospitals. Further, this study shows a concerning lack of
consistency among surgeons in their own decision making.
Despite the increase in frequency of these fractures and
the variety of treatment options available, few studies have
directly compared one treatment method with another. A
recent systematic review of treatment modalities for proximal humeral fractures found that less than 15% of the
studies included in the review established an appropriate
study design.14 Randomized studies are lacking, and
outcome measures are often not uniform.3,6
Most studies present only the outcomes of a specific
intervention. Therefore, when a surgeon chooses one
method over another, there is little to guide decision
making other than individual surgeon experience and
comfort level with particular techniques. As technology and
understanding of these injuries has improved over time,
treatment algorithms have evolved.13 Recent emphasis has
been on the results of locked plating for displaced proximal
humeral fractures.4,7,9,11,15,21 However, there is still
considerable disagreement about the optimal treatment
method for different fracture patterns among surgeons who
treat these injuries.
One reason for the lack of consensus among surgeons
treating proximal humeral fractures is the lack of agreement regarding classification. The 2 most recognized
classification systems for proximal humeral fractures are
the Neer17 classification and the AO/OTA classification.16
The Neer classification is based on the recognition of

displacement of various anatomic components of the fracture. The AO/OTA classification includes information about
the energy and severity of the fracture as well as the likelihood of vascular disruption. Both systems are based on
plain radiographs and have relatively limited intraobserver
reliability and interobserver reproducibility.2,12,22,24,25
In a study of 100 anteroposterior and lateral radiographs
of surgical neck fractures, Kristiansen et al12 found a low
degree of agreement using the Neer classification. Siebenrock and Gerber24 also reported that the interobserver
and intraobserver reliabilities for both the Neer and AO/
OTA classifications systems were fair or poor. Sidor et al23
demonstrated a slightly improved mean interobserver reliability coefficient as well as mean intraobserver reproducibility for the Neer classification.
One could argue that the addition of a CT scan might
have improved consensus in our study, and indeed, many of
these patients did undergo a CT scan. In a study assessing
the Neer classification system with the use of radiographs,
Bernstein et al2 determined the intraobserver reliability was
substantial and interobserver reproducibility was moderate.
The addition of a CT scan was associated with a slight
increase in intraobserver reliability, but no increase in
interobserver reproducibility. Sjoden et al25 also concluded
that the addition of a CT scan did not improve the reproducibility of either the Neer or AO/OTA classifications.
Sallay et al22 divided 2 groups of observers into experts
and nonexperts in shoulder surgery. Each group was asked
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to review the radiographs and 3-dimensional CT scans of
12 patients with proximal humeral fractures. Both groups
demonstrated low reliability for the identification of displaced fracture fragments. The addition of a CT scan did
not improve reliability or reproducibility.22
Recently, Hertel et al8 published radiographic criteria for
determining perfusion of the humeral head. Although we have
found these guidelines to be extremely useful when
approaching these fractures, the implications in changing
treatment guidelines and outcomes are unknown. This lack of
consensus for the utility of a CT scan for classification of
fractures led us to choose not to include a CT scan in our study.
Our study highlights the lack of agreement and inconsistency in decision making among surgeons who treat proximal
humeral fractures. Our findings did not differ significantly
among fellowship-trained shoulder surgeons and trauma
surgeons. We did find that agreement improved when decision making was limited to broader categories (nonoperative
vs operative), suggesting that surgeons do tend to agree on the
general indications for surgery. There was much less agreement when surgeons were asked to determine a specific
method of operative treatment (Figure 1).
Even when presented with actual previous cases,
surgeons chose a different treatment option nearly 50% of
the time. As with interobserver agreement, the intraobserver agreement increased when decision making was
limited to broader categories. Shoulder surgeons did show
more consistent decision making than trauma surgeons
when broader categories were considered; however, the
significance of this is unknown. Potential explanations for
the poor intraobserver agreement demonstrated in this
study include a differing interpretation of the radiographs
or an evolution in the surgeon’s approach to the treatment
of these injuries. However, this observation clearly shows
a lack of consistent decision making for a given surgeon.
Previous publications in the field of arthroplasty have
shown improved outcomes and decreased hospital charges
for
higher-volume
surgeons
than
lower-volume
surgeons.5,26 Because each of our surgeons reported operatively treating about 20 proximal humeral fractures per
year, we were not able to test interobserver or intraobserver
agreement vs volume. When years of experience was taken
into consideration, no correlation between experience and
intraobserver agreement was found. When surgeons were
grouped into those with less than and greater than 10 years’
experience, no statistical difference was found. One
explanation for this difference is that the treatment of
proximal humeral fractures has evolved significantly in
recent years. The proximal humeral locking plate is one
new device that has gained popularity in recent years.
However, the current literature lacks prospective data to
guide surgeons’ use of this device, and as a result,
a surgeon’s experience before the widespread use of this
device likely did not add to consistent decision making.
One limitation of this study is that in presenting cases to
surgeons using this method, we cannot provide all available
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information for each patient. For many of these patients,
a CT scan was available for review, which might or might
not have changed the treatment choice. Obviously,
a preoperative physician-patient discussion about the risks
and benefits of treatment methods is impossible. In addition, the information about each case was gathered in
a retrospective fashion.
In conclusion, given the current availability of numerous
treatment options for proximal humeral fractures, this study
highlights the need for prospective randomized studies with
consistent outcome measures to determine the optimal
treatment of specific patterns of proximal humeral fractures.
As these studies become available, we expect to see more
uniformity in the treatment of these challenging fractures.
Finally, no conclusion can be made about the effect of
decision making on outcome of treatment. More than one
method of treatment for a given fracture may result in
a satisfactory outcome, even if surgeons do not have
uniformity of opinion about the method of treatment. This
question would be an important subsequent consideration in
future studies.
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