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Abstract
Background: Prognostic value of Salter-Harris (SH) classification is well established. Its reliability, however, can be 
questioned. We aim to evaluate the interobserver and intraobserver reliability of SH classification and to correlate the 
level of rater’s experience with the correct scoring for each SH subclass.
Methods: Twenty-eight independent raters stratified in three levels of seniority evaluated 50 randomly selected ra-
diographs of physeal injuries. The interval for intraobserver reliability was 12 weeks. The overall agreement between 
raters was assessed using kappa statistics. Student’s t-test and Spearman correlation coefficient used to compare results 
between groups.
Results: Overall kappa for interobserver reliability was 0.45. The mean kappa difference between specialists and resi-
dents was significant (p <0.001). The mean kappa difference was also significant between senior and junior residents (p 
<0.001), favoring senior residents. Intraobserver kappa differs between specialists (0.55) and residents (0.49), but this 
did not reach statistical significance (p =0.34). SH type II and III demonstrated the highest category-specific kappa coef-
ficient. Seniority was correlated significantly with the number of correct answers (Spearman rho =0.6 p =0.001).
Conclusions: Moderate interobserver reliability that was improved with greater rater’s experience was found. Type II 
and III are the best scored regardless rater’s experience. Type I, IV, and V when in doubt, require additional imaging. 
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Introduction
The management of physeal injuries is based on pa-

tient’s history, physical findings, and radiographic evalua-
tion1. The radiological assessment of specific physeal inju-
ries is challenging due to occasional obscurity between the 
growth plate and fracture lines2-4. Several classification sys-
tems have been suggested for the evaluation of physeal frac-
tures4-7. Among them, the Salter-Harris (SH) classification, 
introduced half a century ago, is widely accepted1,4. Specific 
studies, however, challenged its prognostic value3,5. A few 
studies tried to evaluate the reliability of certain anatomic 
regions or fracture patterns1,8,9. Though, to the best of our 
knowledge, the interobserver and intraobserver agreement 
on SH classification among orthopedic surgeons of stratified 
seniority has never been studied in English literature.

Aim of this study was to evaluate the reliability of SH 
classification. Our objectives were firstly to estimate the 
interobserver and intraobserver agreement and secondly 
to correlate the level of training with the correct scoring 
for each SH subclass.

Material and Methods
This is a reliability study that was conducted by the 

3rd Academic Orthopaedic Unit of “Papageorgiou” hospi-
tal. Even though ethical approval did not deem necessary 
for a reliability study as radiographs were from patients 
that received the standard care and their data was protect-
ed, the study was initially approved by the institution’s 
Scientific and Ethical Committee and this approval was 
finalised when data analysis was completed (2016). It 
was conducted between January and December 2013, in 
accordance with the World Medical Association Declara-
tion of Helsinki of 1964 as revised in 1983 and 2000. 

Radiographic selection criteria
We included patients aged between 2-16 years who 

had suffered physeal injuries. They were identified using 
ICD-10 coding in our trauma-radiology database (IM-
PAX 6.4 Clinician, Agfa Healthcare, Mortsel, Belgium).

Out of 513 recordings in our database, an initial sample 
of 200 suitable cases was selected during a 12 consecutive 
month period (2013). The selection was based on a consensus 
assessment between three orthopedic surgeons and a muscu-
loskeletal radiologist who did not participate further as raters. 
Consensus assessment excluded cases of other fracture pat-
terns (i.e., buckle fractures, greenstick or complete metaphy-
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seal fractures). Radiographs of poor quality or not consisting 
of a set of anteroposterior and lateral views were excluded 
too. Correct scoring was established by the same group of 
specialists based on the full medical records, magnetic reso-
nance imaging (MRI) or computed tomography (CT), addi-
tional imaging, and surgical intervention notes. 

Finally, 50 cases were randomly selected using Sta-
tistical Package for the Social Sciences (SPSS) statistical 
software, version 21 (IBM Corp., Armonk, NY, USA). 
Table 1 shows the distribution of cases in relation to the 
anatomic sites of injury and types of SH classification.

Radiograph processing 
Radiographs were processed by Photoshop CS5 Ex-

tended, Version 12.0x32 (Adobe, California, USA). All ra-
diographs had personal data protected, and health informa-
tion masked out. To eliminate repetition bias, all radiographs 
were placed in different files. Each file was comprised from 
the same radiographs arranged in different sequence. Six 
such files were created and used by the raters.

Radiographs’ evaluation
Twenty-eight blinded independent raters participated 

in the current study. Three levels of seniority were em-
ployed, namely specialists orthopedic surgeons, senior 
and junior orthopedic residents. Senior residents had 3-6 
years in training, while junior residents had a maximum 
of two years in training. One of the six files was randomly 
assigned to each rater. Before evaluating the radiographs, 
all raters were encouraged to study SH classification.

The interobserver reliability was estimated accord-
ing to the first evaluation of radiographs to prevent recall 
bias. Twelve weeks later, each rater reevaluated a differ-
ent file (same radiographs in a different order) to deter-
mine intraobserver reliability.

Statistics
Kappa statistics were used for evaluating reliability10. 

Fleiss’ kappa (κ) was used to estimate agreement among 
raters11 and category-specific kappa coefficient to evalu-
ate the interobserver reliability among different fracture 

types11. Intraobserver reliability was evaluated using the 
mean Cohen’s kappa measurement12-14. Kappa values were 
interpreted based on Landis and Koch’s guidelines15. 

Standard statistical methods were used for descriptive 
statistics. The normality of data distribution was tested ac-
cording to the Kolmogorov-Smirnov test. Student’s t-test 
was used for comparisons between two groups of raters. 
Spearman correlation coefficient was used to determine 
the correlation between the time training and the number 
of correct answers. All statistical tests were two-tailed. 
Analyses were performed with SPSS statistical software. 

Sample size estimation
The number of radiographs rated was determined 

based on the number of independent raters, the classifica-
tion subclasses as well as the expected kappa value11,16-19. 
The kappa difference for interobserver reliability between 
groups of different experience ranges between 0.1-0.2 in 
other reliability studies14,18-20. To estimate the final sample 
size, we took into consideration that clinically important 
reliability means a value of kappa ≥0.4, sufficient power is 
0.8, and α value is 0.0516,19. The statistical analysis showed 
that, in order to find a difference between two individual 
raters of a value between 0.1-0.2, at least 130 radiographs 
had to be included in the study14,18-20. According to Altaye 
et al, duplication of raters limits the need of subjects almost 
to the half16. Thus in this study, we increased the number of 
raters to 28, so a sample of 50 radiographs was considered 
appropriate to reach firm conclusions.

Results
Fourteen specialists and 14 resident orthopedists par-

ticipated in the study. Residents were divided into two 
levels of in training seniority; there were seven junior 
residents and seven senior residents (mean five years in 
training). Twenty-eight doctors (100 %) responded to the 
first evaluation set of radiographs while 24 (response 
85.7 %) returned the second set of radiographs.

Interobserver agreement
Overall kappa was 0.45 (p <0.001), representing an 

Table 1: Distribution of the 50 randomly selected radiographs of physeal injuries in relation to the anatomic sites of injury and 
the types of Salter-Harris classification.

Anatomic site Type I Type II Type III Type IV Type V Overall

Distal radius 2 6 2 0 2 12
Metacarpals and fingers 1 7 2 1 1 12

Distal tibia 1 2 3 1 1 8
Distal fibula 1 1 0 0 1 3
Metatarsals and toes 0 3 2 1 0 6

Proximal humerus 2 2 0 0 0 4
Distal humerus 0 0 1 1 0 2
Distal femur 0 2 1 0 0 3

Overall 7 23 11 4 5 50
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overall agreement of 60.6 %. The kappa value for special-
ists was 0.53 (p <0.001), but it was only 0.39 (p <0.001) 
for the residents. An agreement of 67.2 % was achieved 
between specialists and 55.4 % between residents (Table 
2). The mean kappa value difference between specialists 
and residents as well as between specialists and senior 
residents was statistically significant (p <0.001). Kappa 
value for junior residents was 0.3 and for senior residents 
0.44 (p <0.001). 

Intraobserver agreement
The mean kappa for intraobserver reliability was 0.52, 

demonstrating 65.3 % of agreement (Table 3). The overall 
kappa achieved by specialists was higher than residents, 
but not significantly (0.55 versus 0.49, p =0.346). Kappa 
value for intraobserver reliability did not differ between 
specialists and senior residents (p =0.84); there was a sig-
nificant difference however between the two groups of 
the in training seniority (p =0.037) (Table 3). 

Category-specific agreement
SH type II fractures, followed by type III, demon-

strated the highest category-specific kappa coefficient 
(Table 4). Specialists demonstrated higher kappa coeffi-
cient for each category of SH classification than residents 
(Table 4). 

Correct scoring
At first assessment, the accuracy of the evaluations of the 
radiographs reached 68.7 %. Specialists gave significant-
ly more correct answers than residents (73.2 % versus 
64.1 %, p =0.002) (Table 5). Overall, seniority correlated 
significantly with the number of correct answers (Spear-
man rho =0.6, p =0.001).

Discussion
A modern fracture classification should be clinical-

ly relevant in deciding the correct treatment, follow-up 
strategy, and prognosis. Our study demonstrated moder-

Table 2: Interobserver reliability between the groups of different experience for the Salter-Harris classification.

Fleiss’ kappa proportion of agreement p value

Specialists 0.53 0.672 <0.001

Residents (overall) 0.39 0.554 <0.001

Senior residents 0.44 0.596 <0.001

Junior residents 0.30 0.485 <0.001

Overall 0.45 0.606 <0.001

Table 3: Intraobserver reliability between the groups of different experience for the Salter-Harris classification.

Fleiss’ kappa proportion of agreement
p value

Specialists 0.55 0.686 -

Residents(overall) 0.49 0.627 0.346*

Senior residents 0.56 0.687 0.84*

Junior residents 0.37 0.532
0.037**

Overall 0.52 0.653
-

*: Comparison of mean Fleiss’ kappa between specialists and residents (senior or overall). Tests performed using Students t-test, **: Compari-
son of mean Fleiss’ kappa between senior and junior residents. Tests performed using Students t-test.

Table 4: Category-specific reliability of Salter-Harris classification for each of the different experience groups of raters for 
each Salter-Harris type.

Specialists Residents Senior
residents

Junior
residents Total p*

Type I 0.5 0.34 0.36 0.28 0.41 0.018

Type II 0.69 0.59 0.64 0.52 0.62 0.35

Type III 0.61 0.41 0.53 0.24 0.5 0.001

Type IV 0.32 0.16 0.21 0.03 0.22 0.005

Type V 0.19 0.14 0.14 0.1 0.17 0.32

*: Comparison between category-specific reliability of specialists and residents for each Salter-Harris type. Tests performed using Students t-test.
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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 an-
atomic 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 ran-
dom sample from our trauma-radiology database. Type II 
is reported to be the most common type of physeal frac-
tures whereas type V the rarest2,3,25. 

Raters were encouraged to study the classification be-
fore evaluating the radiographs. That could potentially be 
considered a limitation. Cicchetti however, considers that 
observers’ training prior to rating is of major importance as 

it increases the statistical power of a reliability study17. 
The moderate interobserver reliability found could 

be explained by the following parameters. The most im-
portant are the division of SH classification in five sub-
groups 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 de-
velopment 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 hu-
meral fractures that has only three subclasses8. On the con-
trary, Flikkila et al reported poor interobserver reliability 
(0.18) of the “Arbeitsgemeinschaft fur Osteosynthesefra-
gen” (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 ra-
diographs 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 re-
garding 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 classifi-
cation systems14,20,26. Randsborg et al reported variation in 
interobserver reliability among raters of different expe-
rience that evaluated distal non-physeal radius fractures 
in children14. In this study, agreement among specialists 
was greater than senior and junior residents14. Classify-
ing physeal fractures, however, is more challenging com-
pared to the above anatomical classification. The latter 
explains low agreement found in our setting and simul-
taneously 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 re-
liability among the raters. Salter & Harris pointed out these 
difficulties, especially for type V fracture4. Mann et al con-
firmed 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 

Table 5: Percentage of correct answers for each of the differ-
ent 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 special-
ists 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.
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of MRI or CT scan on every SH III fracture of the distal 
femur29. MRI visualizes better the soft tissues, especially 
physeal plate structures30,31. It can be used successfully for 
early detection of physeal fractures’ complications30,32,33. 
However, it cannot be recommended routinely. 

The clinical importance of our findings is that type 
I and V fractures can be easily diagnostic outliers when 
evaluated by the junior personnel in the Emergency De-
partment. Injuries close to physes especially those of 
the early childhood should be reevaluated by a special-
ist pediatric orthopedic surgeon. Plain radiographs are 
still considered the diagnostic cornerstone of evaluation, 
classification, and decision of treatment of pediatric in-
juries34. Power analysis and the two levels of randomi-
zation of our design increases our confidence to support 
that, when in doubt, even in experienced hands further 
imaging including MRI or CT scan should be advised.
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