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Intraobserver and Interobserver Reliability
of Radiographic Analysis of Proximal Humerus
Fractures in Adolescents

Michelle C. Burke, MS, Christopher Minnock, MD, Christopher B. Robbins, PhD,
Matthew D. Abbott, MD, Michelle S. Caird MD, Frances A. Farley, MD, Jacob Kirsch, MD,
Jared Thomas, MD, and Ying Li MD

Background: Multiple studies have shown low intrarater and
interrater agreement of radiographic classification systems for
proximal humerus fractures (PHFs) in adults. There is no
standardized method of measuring angulation of pediatric PHFs,
nor is there consensus as to the amount of angulation and dis-
placement that require operative fixation of adolescent PHFs.
We propose a new standardized method to measure fracture
angulation that is similar to the method used to measure the
epiphyseal-shaft angle for slipped capital femoral epiphysis. The
primary purpose of this study was to evaluate the intraobserver
and interobserver reliability of our proposed method compared
with a nonstandardized method. The secondary purpose was to
evaluate the intrarater and interrater agreement of the Neer and
Horowitz (NH), and Salter-Harris (SH) classification systems.
Methods: Seven raters evaluated 26 deidentified anteroposterior
shoulder radiographs of patients 10 to 16 years of age with
PHFs. Raters classified each fracture using the NH and SH
systems, and used their own method to measure fracture angu-
lation. This process was repeated 2 weeks later. During the sec-
ond round, raters also measured fracture angulation using our
proposed standardized method. Two weeks after the second
round, raters reevaluated the radiographs using the standardized
method. Intraclass correlation coefficients were calculated.
Results: Excellent intraobserver and interobserver agreement was
achieved for the standardized method of measuring fracture
angulation. All of the raters had an intrarater reliability classified
as excellent (>0.80) using the standardized method. Good in-
trarater and excellent interrater agreement was achieved when
raters used their own fracture angulation measurement method
but wide confidence intervals suggested that the results were less
precise. Fair to moderate intrarater and interrater reliability was
seen for the NH and SH classifications.

Conclusions: Our standardized method for measuring angulation
in adolescent PHFs demonstrated excellent intrarater and inter-
rater reliability. We propose that this technique may be a more
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precise method of measuring fracture angulation and this method
should be used in future studies that evaluate indications for
operative management of adolescent PHFs.

Level of Evidence: Level I1I—diagnostic.
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Pediatric proximal humerus fractures (PHFs) constitute
approximately 2% of all pediatric fractures.'> These
fractures are usually the result of moderate energy trauma,
such as from motor vehicle accidents or sports partic-
ipation. The most commonly used classification systems
for pediatric PHFs are the Neer and Horowitz (NH),? and
Salter-Harris (SH)* classification systems. The great re-
modeling potential of the pediatric proximal humerus and
significant shoulder range of motion in multiple planes
allow most pediatric PHFs to be successfully treated with
nonoperative management.> Mildly displaced fractures
(NH grades I and II) can be treated nonoperatively with a
sling or hanging arm cast. Adolescents with more dis-
placed (NH grades III and IV) or angulated fractures may
require surgical intervention secondary to decreased re-
modeling capacity. Operative indications for NH grades
III and IV fractures in adolescents vary widely in the
literature.>6-12

Multiple studies have shown low intraobserver and
interobserver reliability of radiographic classification sys-
tems for PHFs in adults.!32* There are no studies that
have investigated the intraobserver and interobserver
agreement of radiographic classification systems for pe-
diatric PHFs. In addition, there is no standardized method
of measuring angulation of pediatric PHFs. As there is no
consensus with regard to management of displaced PHFs
in adolescents, it is important to determine the reliability
of the radiographic measures and classification systems
that are commonly used to guide treatment.

We propose a new standardized method to measure
angulation for adolescent PHFs that is similar to the
method used to measure the epiphyseal-shaft angle for
slipped capital femoral epiphysis> (Fig. 1). The epiphyseal-
shaft angle is the most commonly used classification system
to determine the severity of a slipped capital femoral
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FIGURE 1. A, Right hip radiograph in a patient with slipped capital femoral epiphysis. The epiphyseal-shaft angle is measured on
the frog-leg lateral pelvis radiograph. The angle is formed by a line perpendicular to the proximal femoral physis and the axis of the
femoral shaft. B, Right shoulder radiograph in a patient with a proximal humerus physeal fracture. Our proposed measurement
method for fracture angulation is similar to the measurement method for the epiphyseal-shaft angle in slipped capital femoral
epiphysis. The angle is formed by a line perpendicular to the proximal humeral physis and the axis of the humeral shaft.

epiphysis. The angulation that results when pediatric PHFs
displace through the physis can be measured using a similar
method as with slipped capital femoral epiphysis.

The primary purpose of this study was to evaluate the
intraobserver and interobserver reliability of this proposed
method of measuring angulation of adolescent PHFs
compared with a nonstandardized method. The secondary
purpose of this study was to evaluate the intraobserver and
interobserver agreement of the NH and SH classification
systems for adolescent PHFs.

METHODS

Exemption status was granted by our Institutional
Review Board before the start of this study. Seven raters
with varying levels of experience participated in this study:
1 senior fellowship-trained pediatric orthopaedic surgeon,
1 mid-career fellowship-trained pediatric orthopaedic
surgeon, 2 junior fellowship-trained pediatric orthopaedic
surgeons, 1 pediatric orthopaedic surgery fellow, one-fifth
year orthopaedic surgery resident, and one-third year or-
thopaedic surgery resident.

A power analysis demonstrated that based on a null
intraclass coefficient (ICC) value of 0.6 and a hypothesized
value of 0.8 with P <0.05 and 95% confidence interval (CI),
a minimum of 26 radiographs would need to be evaluated
by each rater. Twenty-six anteroposterior shoulder radio-
graphs were selected from patients 10 to 16 years of age who
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were treated for a PHF at our institution from January 2005
to January 2016. Exclusion criteria were patients with a
closed proximal humeral physis and patients with poor
quality radiographs. There were 20 males and 6 females,
with an average age of 12.6 years. The radiographs were
selected to include a wide range of patient ages, fracture
displacement, fracture angulation, and fracture patterns.
The radiographs were deidentified and were loaded onto
CD-ROMS as Digital Imaging and Communication in
Medicine files. Raters uploaded the files into the Digital
Imaging and Communication in Medicine viewer, iQ-VIEW
version 2.8.0 IMAGE Information Systems Ltd, Charlotte,
NCO), to perform measurements. All raters received a
document demonstrating the NH and SH classification
systems.

For the first round, raters classified each fracture
using the NH and SH classification systems, and used their
own methodology to measure fracture angulation. Two
weeks after the last rater returned their first round of
measurements, raters were provided with a second disc
with the same radiographs rearranged in a different order.
Raters were also provided with a document demonstrating
our proposed standardized method of measuring fracture
angulation (the angle formed by a line perpendicular to
the proximal humeral physis and the axis of the humeral
shaft). Raters were asked to repeat the analysis that they
had performed during the first round and then to measure
fracture angulation using the standardized method. Two

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



J Pediatr Orthop ¢ Volume 00, Number 00, HE 2017

Reliability of Proximal Humerus Fracture Analysis

weeks after the last rater submitted their second round of
measurements, raters were asked to reanalyze fracture
angulation on the radiographs from the first round of
measurements using the standardized method.

Statistical analysis was performed using SPSS ver-
sion 22.0 (IBM Corp, Armonk, NY). Intrarater and in-
terrater agreement was determined by evaluating k values
for categorical data and ICCs for continuous data, ac-
cording to Cohen?® and Fleiss.?” The ICCs were evaluated
using a random effects model with absolute agreement.
The interpretation scale described by Landis and Koch?®
was used: 0 to 0.20 =poor agreement, 0.20 to 0.40 = fair
agreement, 0.40 to 0.60 =moderate agreement, 0.60 to
0.80 = good agreement, >0.80 =excellent agreement.

RESULTS

Intrarater and interrater reliability results are shown
in Table 1. Excellent intraobserver agreement was found
with the standardized method of measuring fracture
angulation, whereas good intraobserver agreement was
seen when raters used their own measurement method. All
raters achieved excellent intrarater reliability using the
standardized method (Table 2). However, only the 4
pediatric orthopaedic surgery fellowship-trained surgeons
had excellent intrarater reliability when raters used their
own method.

Although excellent interobserver agreement was
found with both fracture angulation measurement meth-
ods, the standardized method had a much narrower 95%
CI (0.954-0.987) compared with the raters’ own meas-
urement method (0.688-0.920), suggesting that the results
for the standardized measurement method were more
precise.

Good intrarater and moderate interrater reliability
was seen for the NH classification. Subanalysis of each
NH grade demonstrated good interrater agreement for
grade I fractures (x =0.797; 95% CI, 0.713-0.881) but only
moderate agreement for grades Il (x=0.567; 95% CI,
0.483-0.651), III (x=0.444; 95% CI, 0.360-0.527), and IV
fractures (k=0.498; 95% CI, 0.414-0.581).

The SH classification had the lowest agreement.
Moderate intraobserver and fair interobserver reliability
was achieved. Subanalysis of fracture types showed
moderate interrater agreement for metaphyseal fractures
(xk=0.472; 95% CI, 0.388-0.556) but only fair agreement
for SH I (xk=0.227; 95% CI1, 0.143-0.311) and II (x = 0.265;
95% CI, 0.181-0.349) fractures.

DISCUSSION

There is no consensus in the literature with regard to
indications for operative management of PHFs in
adolescents.>%12 Adolescents may benefit from surgical
fixation of severely displaced fractures as they have less
remaining growth and remodeling potential. Although
some authors recommend operative treatment of NH
grade III and IV fractures in patients 10 years and older
with >20 to 30 degrees of angulation,> other authors
recommend surgery for patients 12 years and older with
>40 degrees of angulation and >50% displacement.’
Another study recommends surgery for patients 12 years
and older with any amount of fracture angulation.® To
establish consistent criteria for operative management of
adolescent PHFs, it is important to first evaluate the re-
liability of measurements and classification systems that
are commonly used to guide treatment recommendations.

The new standardized method of measuring angu-
lation of adolescent PHFs that we describe in this study is
similar to the head-shaft angle that is used to plan
shoulder arthroplasties®® and to assess fracture reduction
after fixation of adult PHFs. The head-shaft angle is
formed by a line perpendicular to the anatomic neck of the
humerus and the axis of the humeral shaft.’® As the
proximal humeral physis is more clearly visible on radio-
graphs than the anatomic neck in skeletally immature
patients, we thought that adapting the measurement
method for the epiphyseal-shaft angle for slipped capital
femoral epiphysis would be more appropriate. In addition,
Green et al’! demonstrated excellent intraobserver and
interobserver reliability of the epiphyseal-shaft angle in
both normal hips and hips with slipped capital femoral
epiphysis, whereas Gracitelli et al*’ found moderate in-
traobserver and fair interobserver agreement of the head-
shaft angle in adult PHFs.

We achieved excellent intrarater and interrater reli-
ability among all raters for the standardized method of
measuring fracture angulation. In contrast, although the
attending surgeons had excellent intraobserver agreement
when raters used their own method of measuring fracture
angulation, intraobserver agreement ranged from poor to
good among the surgeons-in-training. Our standardized
method is easy to learn and can be used reliably by both
less experienced and experienced surgeons.

Multiple studies of adult PHFs have demonstrated
low intrarater and interrater reliability of radiographic
classification systems.!32* Similarly, we found good in-
trarater and moderate interrater reliability for the NH
classification, which is the most commonly used system to

TABLE 1. Intrarater and Interrater Reliability Results for Fracture Angulation Measurement Methods and Classification Systems

Intrarater Reliability 95% CI Interrater Reliability 95% CI
Standardized angulation measurement method 0.959 0.864-0.991 0.973 0.954-0.987
Raters angulation measurement method 0.741 0.148-0.939 0.835 0.688-0.920
Neer and Horowitz classification 0.602 0.435-0.781 0.582 0.530-0.633
Salter-Harris classification 0.569 0.291-0.814 0.320 0.258-0.381

CI indicates confidence interval.
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TABLE 2. Intraobserver Reliability Results for Each Rater

Standardized Raters
Angulation Angulation Neer and

Measurement Measurement Horowitz  Salter-Harris
Rater* Method Method Classification Classification
1 0.864 0.931 0.506 0.602
2 0.991 0.937 0.726 0.693
3 0.978 0.910 0.608 0.814
4 0.988 0.939 0.781 0.653
5 0.977 0.148 0.567 0.291
6 0.961 0.553 0.435 0.344
7 0.955 0.770 0.588 0.587

*Raters ranked in order of most to least experienced.

grade displacement of pediatric PHFs. Interobserver
agreement decreased for the more displaced fractures. The
most likely explanation for this is that NH grades II to IV
are determined based on amount of displacement relative
to humeral shaft width and NH grade I is determined
based on an absolute measurement of displacement (ie,
<5mm).? The location on the humeral shaft at which the
width was measured likely varied between raters. The NH
classification system should be used with caution when
determining the need for operative fixation of PHFs with
more significant displacement.

Our study demonstrated moderate intrarater and
fair interrater reliability for the SH classification. The
presence or absence of metaphyseal extension of a prox-
imal humerus physeal fracture can be difficult to detect on
a plain radiograph. Multiple studies in adult PHFs have
evaluated the use of computed tomography (CT) to
improve fracture characterization,'3-16-1%-24 although not
all studies demonstrated improved intraobserver and
interobserver agreement on CT compared with plain
radiographs.'#!%1° Three-dimensional CT has been shown
to improve fracture classification in adult PHFs among
less experienced raters compared with 2-dimensional
CT.'3 The raters with less experience in our study had the
lowest intrarater reliability for the NH and SH classi-
fications. Although CT may improve fracture assessment,
we do not recommend that patients with pediatric PHFs
routinely undergo a CT scan, particularly as the SH
classification is not used to guide treatment.

One limitation of our study is that only ante-
roposterior shoulder radiographs were evaluated. We may
have achieved higher agreement with the SH classification if
lateral views were included. However, lateral radiographs
are not always obtained secondary to pain and difficulty
with positioning when pediatric patients present with a
PHF. In addition, the type of lateral view that is obtained is
not consistent (eg, scapular Y vs. axillary lateral). Although
we provided each rater with a description of the NH clas-
sification, we did not provide instructions on how to per-
form the grading. We may have found higher agreement for
the NH classification if these instructions were provided.
Other limitations are the small sample size, although the
number of radiographs selected was the minimum number
suggested by the power analysis. We did not include any
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SH III or IV PHFs, as these are rare fracture patterns.
Lastly, we did not include radiographs of any patients
under 10 years of age so we cannot necessarily extrapolate
the results of this study to PHFs in younger patients.

In conclusion, our new standardized method for
measuring angulation in adolescent PHFs achieved ex-
cellent intraobserver and interobserver agreement. We
propose that our technique may be a more precise method
of measuring angulation. This method is easy to learn and
can be used reliably by surgeons with a wide range of
experience. We suggest that this method be used in future
studies that evaluate indications for operative manage-
ment of adolescent PHFs.
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