
An Original Study

www.amjorthopedics.com  February 2015 The American Journal of Orthopedics®  77

Treatment of Proximal Humerus Fractures: 
Comparison of Shoulder and Trauma  
Surgeons
Andrew Jawa, MD, Paul H. Yi, MD, Robert E. Boykin, MD, Michael J. Gardner, MD, Christian Gerber, MD, 
Dean G. Lorich, MD, Gilles Walch, MD, and Jon J. P. Warner, MD

P roximal humerus fractures (PHFs), AO/OTA (Ar
beitsgemeinschaft für Osteosynthesefragen/Orthopae
dic Trauma Association) type 11,1 are common, repre

senting 4% to 5% of all fractures in adults.2 However, there 
is no consensus as to optimal management of these injuries, 
with some reports supporting and others rejecting the various 
fixation methods,3 and there are no evidencebased practice 
guidelines informing treatment decisions.4 Not surprisingly, 
orthopedic surgeons do not agree on ideal treatment for PHFs5,6 
and differ by region in their rates of surgical management.2 In 
addition, analyses of national databases have found variation 
in choice of surgical treatment for PHFs between surgeons 
and between hospitals of different patient volumes.4 Few stud
ies have assessed surgeon agreement on treatment decisions. 
Findings from these limited investigations indicate there is 
little agreement on treatment choices, but training may have 
some impact.57 In 3 studies,57 shoulder and trauma fellow
ship–trained surgeons differed in their management of PHFs 
both in terms of rates of operative treatment5,7 and specific 
operative management choices.5,6 No study has assessed sur
geon agreement on radiographic outcomes.

We conducted a study to compare expert shoulder and 

trauma surgeons’ treatment decisionmaking and agreement 
on final radiographic outcomes of surgically treated PHFs. We 
hypothesized there would be poor agreement on treatment 
decisions and better agreement on radiographic outcomes, with 
a difference between shoulder and trauma fellowship–trained 
surgeons.

Materials and Methods
After receiving institutional review board approval for this 
study, we collected data on 100 consecutive PHFs (AO/OTA 
type 111) surgically treated at 2 affiliated level I trauma centers 
between January 2004 and July 2008. None of the cases in 
the series was managed by any of the surgeons participating 
in this study.

We created a PowerPoint (Microsoft, Redmond, Washing
ton) survey that included radiographs (preoperative, imme
diate postoperative, final postoperative) and, if available, a 
computed tomography image. This survey was sent to 4 ortho
pedic surgeons: Drs. Gardner, Gerber, Lorich, and Walch. Two 
of these authors are fellowshiptrained in shoulder surgery, 
the other 2 in orthopedic traumatology with specialization 
in treating PHFs. All are internationally renowned in PHF 
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Surgeons’ disagreement about ideal treatment for proxi-
mal humerus fractures (PHFs) may reflect a difference  
in training.

We conducted a study to compare treatment decision-
making by experienced shoulder and trauma fellowship –
trained surgeons. Two expert shoulder surgeons and 2 
expert trauma surgeons reviewed 100 consecutive PHFs 
surgically treated at another institution. Using available 
imaging, the examiners assigned scores for agreement 
with treatment decisions and for ratings of reduction/ar-
throplasty placement, fixation method, and radiographic 
outcomes. The scores were evaluated for interobserver 

reliability using intraclass correlation coefficients.
Overall, these experienced surgeons agreed poorly 

with treatment decisions and fixation methods but agreed 
moderately on acceptable reductions/arthroplasty place-
ment and final radiographic outcomes. Agreement on the 
final radiographic outcomes was more uniform and ac-
ceptable for both shoulder and trauma surgeons. Trauma 
surgeons agreed more with each other about treatment 
decisions than shoulder surgeons agreed with each other.

In this study, surgeon disagreement and an aging popu-
lation highlight the need for better evidence regarding op-
timal treatment for PHFs in order to improve consensus.
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management. Using the survey images and a 4point Likert 
scale ranging from disagree strongly to agree strongly, the examiners 
rated their agreement with treatment decisions (arthroplasty 
vs fixation). They also rated (very poor to very good) immediate 
postoperative reduction or arthroplasty placement, immediate 
postoperative fixation methods for fractures treated with open 
reduction and internal fixation (ORIF), and final radiographic 
outcomes. 

Interobserver agreement was calculated using the intra
class correlation coefficient (ICC),8,9 with scores of <0.2 (poor), 
0.21 to 0.4 (fair), 0.41 to 0.6 (moderate), 0.61 to 0.8 (good), and 
>0.8 (excellent) used to indicate agreement among observers. 
ICC scores were determined by treating the 4 examiners as 
independent entities. Subgroup analyses were also performed 
to determine ICC scores comparing the 2 shoulder surgeons, 
comparing the 2 trauma surgeons, and comparing the shoul
der surgeons and trauma surgeons as 2 separate groups. ICC 
scores were used instead of κ coefficients to assess agreement 
because ICC scores treat ratings as continuous variables, allow 
for comparison of 2 or more raters, and allow for assessment 
of correlation among raters, whereas κ coefficients treat data 
as categorical variables and assume the ratings have no natural 
ordering. ICC scores were generated by SAS 9.1.3 software (SAS 
Institute, Cary, North Carolina).

Results
The 4 surgeons’ overall ICC scores for agreement with the rat
ing of immediate reduction or arthroplasty placement and the 
rating of final radiographic outcome indicated moderate levels 
of agreement (Table 1). Regarding treatment decisionmaking 
and ratings of fixation, the surgeons demonstrated poor and 
fair levels of agreement, respectively.

The ICC scores comparing the shoulder and trauma sur
geons revealed similar levels of agreement (Table 2): moderate 
levels of agreement for ratings of both immediate postoperative 
reduction or arthroplasty placement and final radiographic 
outcomes, but poor and fair levels of agreement regarding 
treatment decisionmaking and the rating of immediate post
operative fixation methods for fractures treated with ORIF, 
respectively.

Subgroup analysis revealed that the 2 shoulder surgeons 
had poor and fair levels of agreement for treatment decisions 
and rating of immediate postoperative fixation, respectively, 
though they moderately agreed on rating of immediate post
operative reduction or arthroplasty placement and rating of 
final radiographic outcome (Table 3). When the 2 trauma sur
geons were compared with each other, ICC scores revealed 
higher levels of agreement overall (Table 4). In other words, 
the 2 trauma surgeons agreed with each other more than the 
2 shoulder surgeons agreed with each other.

Discussion
This study had 3 major findings: (1) Surgeons do not agree 
on treatment decisions, including fixation methods, regard
ing PHFs; (2) regardless of their opinions on ideal treatment, 
they moderately agree on reductions and final radiographic 

outcomes; (3) expert trauma surgeons may agree more on 
treatment decisions than expert shoulder surgeons do. In other 
words, surgeons do not agree on the best treatment, but they 
radiographically recognize when a procedure has been per
formed technically well or poorly. These results support our 
hypothesis and the limited current literature.

An analysis of Medicare databases showed marked regional 
variation in rates of operative treatment of PHFs.2 Similarly, 
a Nationwide Inpatient Sample analysis revealed nationwide 
variation in operative management of PHFs.4 Both findings are 
consistent with our results of poor agreement about treatment 
decisions and ratings of postoperative fixation of PHFs. In 2010, 
Petit and colleagues6 reported that surgeons do not agree on 
PHF management. In 2011, Foroohar and colleagues10 similarly 
reported low interobserver agreement for treatment recom
mendations made by 4 upper extremity orthopedic special
ists, 4 general orthopedic surgeons, 4 senior residents, and 4 
junior residents, for a series of 16 PHFs—also consistent with 
our findings.

The lack of agreement about PHF treatment may reflect a 
difference in training, particularly in light of the recent ex
pansion of shoulder and elbow fellowships.2 Three separate 
studies performed at 2 affiliated level I trauma centers dem
onstrated significant differences in treatment decisionmaking 
between shoulder and trauma fellowship–trained surgeons.57 
Our results are consistent with the hypothesis that training af
fects treatment decisionmaking, as we found poor agreement 
between shoulder and trauma fellowship–trained surgeons 
regarding treatment decision for PHFs. Subanalyses revealed 
that expert trauma surgeons agreed with each other on treat
ment decisions more than expert shoulder surgeons agreed 
with each other, further suggesting that training may affect 
how surgeons manage PHFs. Differences in fellowship training 
even within the same specialty may account for the observed 
lesser levels of agreement between the shoulder surgeons, even 
among experts in the field.

The evidence for optimal treatment historically has been 
poor,4,6 with few highquality prospective, randomized con
trolled studies on the topic up until the past few years. The 
most recent Cochrane Review on optimal PHF treatment concluded 
that there is insufficient evidence to make an evidencebased 
recommendation and that the longterm benefit of surgery 
is unclear.11 However, at least 5 controlled trials on the topic 
have been published within the past 5 years.1216 The evidence 
is striking and generally supports nonoperative treatment for 
most PHFs, including some displaced fractures—contrary to 
general orthopedic practice in many parts of the United States,2 
which hitherto had been based mainly on individual surgeon 
experience and the limited literature. Without strong evidence 
to support one treatment option over another, surgeons are 
left with no objective, scientific way of coming to agreement. 

Related to the poor status quo of evidence for PHF treatments 
is new technology (eg, locking plates, reverse total shoulder 
arthroplasty) that has expanded surgical indications.2,17 Al
though such developments have the potential to improve sur
gical treatments, they may also exacerbate the disagreement 
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between surgeons regarding optimal operative treatment of 
PHFs. This potential consequence of new technology may be 
reflected in our finding of disagreement among surgeons on 
immediate postoperative fixation methods. Precisely because 
they are new, such technological innovations have limited 
evidence supporting their use. This leaves surgeons with little 
to nothing to inform their decisions to use these devices, other 
than familiarity with and impressions of the new technology.

Our study had several limitations. First is the small sample 
size, of surgeons who are leaders in the field. Our sample 
therefore may not be generalizable to the general population 
of shoulder and trauma surgeons. Second, we did not cal

culate intraobserver variability. Third, inherent to studies of 
interobserver agreement is the uncertainty of their clinical 
relevance. In the clinical setting, a surgeon has much more 
information at hand (eg, patient history, physical examination 
findings, colleague consultations), thus raising the possibility 
of underestimations of interobserver agreements.18 Fourth, 
our comparison of surgeons’ ratings of outcomes was purely 
radiographic, which may or may not represent or be indica
tive of clinical outcomes (eg, pain relief, function, range of 
motion, patient satisfaction). The conclusions we may draw 
are accordingly limited, as we did not directly evaluate clinical 
outcome parameters.

Table 1. Interobserver Agreement: Overall

ICC 95% CI Agreement Strength

Agreement with treatment decision 0.14 0.03–0.26 Poor

Rating of:
Immediate postoperative reduction or arthroplasty placement
Immediate postoperative fixation methods

0.50
0.24

0.40–0.58
0.13–0.35

Moderate
Fair

Final radiographic outcome 0.59 0.51–0.66 Moderate

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.

Table 2. Interobserver Agreement Between Shoulder and Trauma Surgeons

ICC 95% CI Agreement Strength

Agreement with treatment decision 0.06 0.08–0.21 Poor

Rating of:
Immediate postoperative reduction or arthroplasty placement.
Immediate postoperative fixation methods

0.45 
0.28

0.33–0.55
0.14–0.40

Moderate
Fair

Final radiographic outcome 0.56 0.46–0.65 Moderate

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.

Table 3. Interobserver Agreement Among Shoulder Surgeons

ICC 95% CI Agreement Strength

Agreement with treatment decision 0.18 0.03–0.38 Poor

Rating of:
Immediate postoperative reduction or arthroplasty placement
Immediate postoperative fixation methods

0.55
0.28

0.40–0.68
0.09–0.45

Moderate
Fair

Final radiographic outcome 0.45 0.28–0.59 Moderate

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.

Table 4. Interobserver Agreement Among Trauma Surgeons

ICC 95% CI Agreement Strength

Agreement with treatment decision 0.50 0.34–0.63 Moderate

Rating of:
Immediate postoperative reduction or arthroplasty placement
Immediate postoperative fixation methods

0.52
0.08

0.37–0.65
0.11–0.28

Moderate
Poor

Final radiographic outcome 0.70 0.59–0.79 Good

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.
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Our study had several strengths as well. First, to our knowl
edge this is the first study to assess interobserver variability 
in surgeons’ ratings of radiographic outcomes. Its findings 
may provide further insight into the reasons for poor agree
ment among orthopedic surgeons on both classification and 
treatment of PHFs. Second, our surveying of internationally 
renowned expert surgeons from 4 different institutions may 
have helped reduce singleinstitution bias, and it presents the 
highest level of expertise in the treatment of PHFs.

Although the surgeons in our study moderately agreed on 
final radiographic outcomes of PHFs, such levels of agreement 
may still be clinically unacceptable.19 The overall disagreement 
on treatment decisions highlights the need for better evidence 
for optimal treatment of PHFs in order to improve consensus, 
particularly with anticipated increases in age and comorbidities 
in the population in coming years.4 Subgroup analysis sug
gested trauma fellowships may contribute to better treatment 
agreement, though this idea requires further study, perhaps 
by surveying shoulder and trauma fellowship directors and 
their curricula for variability in teaching treatment decision
making. The surgeons in our study agreed more on what they 
consider acceptable final radiographic outcomes, which is en
couraging. However, treatment consensus is the primary goal. 
The recent publication of prospective, randomized studies is 
helping with this issue, but more studies are needed. It is en
couraging that several are planned or under way.2022

Conclusion
The surgeons surveyed in this study did not agree on ideal 
treatment for PHFs but moderately agreed on quality of radio
graphic outcomes. These differences may reflect a difference 
in training. We conducted this study to compare experienced 
shoulder and trauma fellowship–trained surgeons’ treatment 
decisionmaking and ratings of radiographic outcomes of PHFs 
when presented with the same group of patients managed at 
2 level I trauma centers. We hypothesized there would be 
little agreement on treatment decisions, better agreement on 
final radiographic outcome, and a difference between deci
sionmaking and ratings of radiographic outcomes between 
expert shoulder and trauma surgeons. Our results showed 
that surgeons do not agree on the best treatment for PHFs but 
radiographically recognize when an operative treatment has 

been performed well or poorly. Regarding treatment deci
sions, our results also showed that expert trauma surgeons 
may agree more with each other than shoulder surgeons agree 
with each other. These results support our hypothesis and the 
limited current literature. The overall disagreement among 
the surgeons in our study and an aging population that grows 
sicker each year highlight the need for better evidence for the 
optimal treatment of PHFs in order to improve consensus.
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