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Table 5: Percentage of correct answers for each of the different experience groups of raters.
Correct answers (%)

p value

Specialists

73.2

-

Residents (overall)

64.1

0.002*

Senior residents

66.7

0.009*

Junior residents

60.6

0.235**

Overall

68.7

-

*: Comparison of the percentage of correct answers between specialists and residents (senior or overall). Tests performed using Students
t-test, **: Comparison of the percentage of correct answers between
senior and junior residents. Tests performed using Students t-test.

ate interobserver reliability for SH classification with an
overall agreement reaching 60.6 %.
A limited number of studies have tried to evaluate the
reliability of SH classification1,8,9. Τhe majority of them
employed a small number of radiographs and raters that
were usually specialists in pediatric orthopedics. At the
Emergency Department, however, initial assessment of
such fractures relies on the judgment of residents. To
overcome the latter limitation, in our study we stratified
the assessment in three different levels of seniority. Also,
we provided a strong power calculation to validate our
results. The raters’ response of more than 85 % satisfied
the precalculated power analysis necessary to reach firm
conclusions. The large number of raters and radiographs
employed in the current study strengthen our outcomes
compared with similar studies in the literature12,13,21,22.
The inclusion of physeal fractures regardless the anatomic site of injury is an important divergence of our
study. It could be a weakness, as it enlarges the study’s
field of interest. Both clinical and radiological evaluations
of the elbow joint in a growing skeleton are considered to
be problematic. The number, sequence, morphology, and
complexity of the ossification centers of the elbow joint
can vary significantly23. On the other hand, our aim was
to evaluate SH classification as a whole in order to reveal
such limitations of the classification. A greater number of
radiographs per anatomic region is undoubtedly needed
to reach reliable results on each joint.
A natural limitation, as it appears in similar studies in
the literature24, was the non-equal number of cases at each
SH subclass. There was a greater number of SH II cases
compared with the other subclasses, especially the fourth
and fifth (Table 1). This was expected as we used a random sample from our trauma-radiology database. Type II
is reported to be the most common type of physeal fractures whereas type V the rarest2,3,25.
Raters were encouraged to study the classification before evaluating the radiographs. That could potentially be
considered a limitation. Cicchetti however, considers that
observers’ training prior to rating is of major importance as
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it increases the statistical power of a reliability study17.
The moderate interobserver reliability found could
be explained by the following parameters. The most important are the division of SH classification in five subgroups and the varying level of experience of the raters.
The ensuing are the obscurity of radiographic appearance
of the physeal plate in the various stages of skeletal development and the expected “blindness” of raters towards
the mechanism of injury26.
The greater the number of subclasses, the smaller the
expected reliability24,26. One of the highest interobserver
reliability (0.74) has been reported by Barton et al8. It
concerns the Gartland classification of supracondylar humeral fractures that has only three subclasses8. On the contrary, Flikkila et al reported poor interobserver reliability
(0.18) of the “Arbeitsgemeinschaft fur Osteosynthesefragen” (AO) fracture classification of the distal radius when
using the original 27 subclasses27. In this study, limiting
the original AO subclasses from 27 to only two, improved
interobserver reliability (0.18 to 0.48). Compared to the
latter two studies, in our setting, 24 raters evaluated 50 radiographs addressing to five subgroups showing an overall
interobserver kappa of 0.45 and an intraobserver kappa of
0.52 in a 12-weeks interval. Therefore, our results coincide
to the recorded experience in the published literature regarding physeal and skeletal injuries8,26,27.
In our study, specialists demonstrated significantly
greater agreement and gave considerably more correct
answers than the residents. The effect of experience on
reliability has been previously described in other classification systems14,20,26. Randsborg et al reported variation in
interobserver reliability among raters of different experience that evaluated distal non-physeal radius fractures
in children14. In this study, agreement among specialists
was greater than senior and junior residents14. Classifying physeal fractures, however, is more challenging compared to the above anatomical classification. The latter
explains low agreement found in our setting and simultaneously identifies the limitations of SH classification.
Thus, SH classification has been proved to be resilient to
time testing, having however certain limitations.
In addition, the moderate intraobserver agreement (k
=0.52) found in our study was not affected by the time
interval; Kottner et al supported that time interval among
the two evaluations should be enough to avoid recall bias,
but also small to prevent a significant change of rater’s
experience28. The time interval of 12 weeks used in our
study and other studies14 is considered satisfactory.
In our study, SH IV and V demonstrated the lowest reliability among the raters. Salter & Harris pointed out these
difficulties, especially for type V fracture4. Mann et al confirmed that the initial diagnosis of type V fractures is rare2.
Our study aimed to identify those limitations and to alert
musculoskeletal physicians of variable experience to raise
concerns regarding certain SH subclasses that may require
further evaluation. CT, MRI or both are compulsory when
there is doubt about diagnosis and decision making of
physeal injuries. Lippert et al strongly recommend the use

