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There are conflicting recommendations regarding the 
amount of displacement necessitating stabilization of 
paediatric humeral medial epicondyle fractures. Our 
aim was to assess the reliability of the measurements of 
the displacement and the treatment recommendations 
of these fractures. The maximum displacement of 57 
children with displaced humeral medial epicondyle 
fractures was analyzed on radiographs by six raters (4 
paediatric surgeons, 2 paediatric radiologists) at two 
time points. In addition, the four surgeons recorded 
their treatment recommendation. Intraobserver 
and interobserver reliability were calculated with 
intraclass correlation coefficients (ICC) and Kappa 
values. The ICC for the intraobserver reliability 
ranged between 0.67 and 0.93. The raters disagreed 
with their own measurements between 8.8% and 
28.1%. The ICC for the interobserver reliability of all 
six raters was 0.90 for measurement 1 and 0.93 for 
measurement 2. All six raters disagreed (difference > 
2mm) in 93% of the cases in measurement 1 and in 
91.2% in measurement 2. Treatment recommendations 
of the four paediatric surgeons between the two 
time points differed in 5.3% to 28.1% of the cases. 
Furthermore, the treatment recommendations were 
concordant in 24 cases (42%) at time point 1 and 32 
cases (56.1%) at time point 2. In displaced paediatric 
medial epicondyle fractures, disagreement regarding 
measurement of displacement and recommendation 
for treatment is high. Validated and standardized 
measurement tools and a clear threshold for operative 
fixation of displaced medial epicondyle fractures are 
needed.
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INTRODUCTION

The medial humeral epicondyle is an apophysis 
serving as origin and insertion of several key com-
ponents of the elbow joint. The epicondyle provides 
a bony anchor for the ulnar collateral ligaments and 
serves as origin of the flexor mass of the forearm (1).

In children and adolescents, fractures of the 
humeral medial epicondyle account for about 10% 
of elbow fractures and the annual incidence has 
been described with 12/10,000 (2). There is a clear 
male predominance with a male to female ratio of 
3:1 and a peak between 9 to 14 years of age (3).
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There is consensus in the literature that un-
displaced or minimally displaced (< 2 mm) fractures 
of the medial humeral epicondyle can be treated non-
operatively in a long-arm cast for three to four weeks 
(4). Open fractures and intra-articular incarceration 
of the epicondyle are absolute indications for open 
reduction and fixation. Furthermore, high energy 
trauma mechanism, ulnar neuropathy, elbow in-
stability, and significant displacement have been 
described as indications for operative treatment (5).
However, there are conflicting recommendations 
regarding the amount of displacement necessitating 
surgical intervention. There are reports advocating 
fixation of fractures with as little as 2 mm and 
5 mm displacement, respectively (6,7). In contrary, 
successful non-operative treatment has been de-
monstrated for lesions with displacement of up to 
15 mm (8,9).

Taken together, there is great variability in the 
indication for a surgical approach for these fractures 
with displacement ranging between 2 and 15 mm (2). 
A reliable result of the measurement of displacement 
is a prerequisite to indicate operative treatment. 
However, Pappas and coworkers have recently 
shown that both the intraobserver and interobserver 
agreement in the measurement of the displacement 
of humeral medial epicondyle fractures is low even 
for experienced orthopedic surgeons (10). These 
findings cast doubts if the fracture displacement 
alone is a reliable decision tool to indicate operative 
or non-operative management. 

The aim of the present study was to assess both 
the intraobserver and interobserver agreement of 
the measurements of the displacement of paediatric 
humeral medial epicondyle fractures performed by 
paediatric surgeons and paediatric radiologists with 
various levels of training. Moreover, the degree of 
agreement concerning treatment recommendations 
(non-operative versus operative) of paediatric 
surgeons was evaluated.

MATERIALS AND METHODS

Following approval of the institutional review 
board, digital antero-posterior (ap) and lateral radio-
graphs of 57 paediatric patients (mean age 11.3 years, 
range 4 to 17 years) with displaced humeral medial 

epicondyle fractures were retrospectively analyzed 
by six separate independent reviewers (measurement 
1). These included four paediatric surgeons 
(two fellows and two senior attending paediatric 
surgeons with at least four years experience in 
paediatric trauma) and two fully trained paediatric 
radiologists. Using the measurement tool of synedra 
View Personal® (Version 17, synedra information 
technologies GmbH, Innsbruck, Austria) each 
reviewer was instructed to measure and record the 
maximum displacement of the medial epicondyle 
in millimeters. Additionally, the four paediatric 
surgeons were requested to record their treatment 
recommendation (non-operative versus operative). 

In order to assess the intraobserver reliability, 
all 57 radiographs were re-evaluated a second time 
by all six reviewers after six weeks (measurement 
2). Again, maximum displacement of the medial 
humeral epicondyle (six reviewers) and treatment 
recommendation (four paediatric surgeons) were 
assessed.

At all times, reviewers were blinded to the 
patients’ names and medical records.

Absolute values of the displacement measure-
ments are displayed as means, standard deviation 
and range. For statistical analysis SPSS® statistical 
package version 21 (SPSS Inc, Chicago, IL) 
was used, if not otherwise mentioned. To assess 
intraobserver reliability, intraclass correlation coef-
ficients (ICC) estimates and their 95% confident 
intervals were calculated based on a single measure, 
absolute agreement, two way mixed-effects model. 
Interobserver reliability was assessed with ICC(2,k) 
estimates and their 95% confident intervals based 
on a mean of k raters, absolute agreement, two way 
random-effects model.

Additionally, clinical disagreement of the dif-
ferent measurements of displacement was defined 
as ratings differing more than 2 mm as described 
before (10).

Intrarater variability of the treatment recom-
mendations of the paediatric surgeons at the two 
time points was calculated with Cohen’s Kappa. 
Sankey diagrams were drawn with RStudio Version 
1.2.1335 (RStudio Inc., Boston, MA, USA) using 
the sankeyNetwork function of the networkD3 
package version 0.4.
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PS1 (Senior 
Attending)

PS2 (Senior 
Attending)

PS3 
(Fellow)

PS4 
(Fellow)

PR1 PR2

Measurement 1
mean (SD)
range

7.3 (3.7) 
0.5-16.2

7.4 (5.6) 
0-40

4.9 (3.6) 
0-23.6

7.8 (4.6) 
1.3-24.0

6.0 (3.9) 
1.2-26.2

6.1 (3.8) 
1.2-28.0

Measurement 2
mean (SD)
range

7.1 (3.3)
0.5-17.4

5.7 (3.0)
1.0-20.0

5.5 (3.8)
1.0-26.9

7.8 (4.0)
1.5-20.1

5.9 (3.6)
1.0-21.4

5.8 (3.7)
1.3-27.2

ICC for intraobserver 
agreement (95% Cl)

0.81
(0.70-0.88)

0.67
(0.44-0.81)

0.80
(0.68-0.88)

0.93
(0.88-0.96)

0.92
(0.88-0.96)

0.94
(0.90-0.97)

Intraobserver 
disagreement (%) 28.1% 26.3% 26.3% 12.3% 8.8% 10.5%

Table 1. — Measurement of displacement in mm, ICC for intraobserver agreement, and percentage of disagreement of 57 humeral 
medial epicondyle fractures assessed by six different raters at two time points

PS...paediatric surgeon, PR...paediatric radiologist, SD...standard deviation, ICC…intraclass correlation coefficient, Cl...confidence interval.

Supplementary Figure 1: ICC plots for the six different raters as well as ICC for intraobserver 

agreement for each rater (a…PS1, b…PS2; c…PS3, d…PS4, e…PR1, f…PR2) 

 

 
Supplementary Figure 1. — ICC plots for the six different raters as well as ICC for intraobserver agreement for each rater 

(a…PS1, b…PS2; c…PS3, d…PS4, e…PR1, f…PR2).
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To assess the interrater variability of the treatment 
recommendations of the four paediatric surgeons, 
Fleiss Kappa values were computed with RStudio 
using the kappam.fleiss function of the IRR package 
version 0.84.1. 

RESULTS

The displacement of the humeral medial epi-
condyle fractures was measured two times by six 
reviewers. The mean results of the two measure-
ments of the displacement of the humeral medial 
epicondyle fractures performed by the six examiners 
are shown in Table I. The intraclass correlation 
coefficient (ICC) for the intraobserver reliability 
was 0.81 and 0.67 for the attending paediatric 
surgeons, 0.80 and 0.93 for the fellows and 0.92 and 
0.94 for the paediatric radiologists, respectively. 
ICC plots for the six different raters are depicted in 

Supplementary Figure 1. The reviewers disagreed 
with their own measurements between 8.8% and 
28.1% (Table I). While the paediatric surgeons 
achieved values between 12.3% and 28.1%, the 
percentage of disagreement (difference > 2 mm 
between measurements) of the two paediatric 
radiologists was 8.8% and 10.5%. 

The ICC for the interobserver reliability of 
all six raters was 0.90 (95% CI 0.84-0.93) for 
measurement 1 and 0.93 (95% CI 0.89-0.95) for 
measurement 2, respectively. Figure 1 depicts an 
ICC plot for the measurements of all raters at both 
time points. Nevertheless, applying a cut-off of 2 
mm, all six raters disagreed in 93% of the cases in 
measurement 1 and in 91.2% in measurement 2. 
The interobserver ICCs at both time points and the 
percentage of disagreement of the four paediatric 
surgeons, the two seniors, the two fellows and the 
two paediatric radiologists are displayed in Table 

Figure Legends 

Figure 1: ICC plot for the measurements of all six raters at both time points (a…measurement 

1, b…measurement 2) 

 

 
  

Figure 1. — ICC plot for the measurements of all six raters at both time points
(a…measurement 1, b…measurement 2).
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2. The corresponding Fleiss Kappa values were 0.33 
and 0.49 for measurement 1 and 2, respectively.

DISCUSSION

The results of the present study reveal that both 
the measurements of displacement as well as the 
resulting treatment recommendations of displaced 
medial epicondyle fractures in paediatric patients 
are highly variable between different raters. 

Following supracondylar, radial neck and lateral 
condyle fractures, fractures of the medial humeral 
epicondyle are the fourth most common fractures 
of the paediatric elbow. They have been described 
to constitute about 10% of elbow fractures and are 
therefore relatively rarely encountered lesions (11). 

II. Example radiographs of two measurement are 
shown in Figure 3.

Treatment recommendations of the four paediatric 
surgeons and the respective displacement of the 
fractures for both time points are shown in Table 
III. Treatment recommendations between time point 
1 and 2 differed in 21.2% (n=12) for PS1, 10.5% 
(n=6) for PS2, 28.1% (n=16) for PS3 and 5.3% 
(n=3) for PS4. The corresponding Cohen´s Kappa 
values are 0.56, 0.77, 0.46 and 0.90 for the four 
raters. Figure 2 depicts a Sankey diagram showing 
the amount of disagreement between the time points 
for each rater. 

All four raters gave concordant treatment recom-
mendations in 24 out of 57 cases (42%) at time 
point 1 and 32 out of 57 cases (56.1%) at time point 

PS1-PS4 PS1&PR2  
(Senior Attendings)

PS3&PR4 
(fellows)

PR1&PR2 

Measurement 1
ICC for intraobserver agreement (95% Cl)

0.80
(0.69-0.88)

0.44
(0.04-0.67)

0.65
(0.13-0.83)

0.92
(0.86-0.95)

Measurement 2
ICC for intraobserver agreement (95% Cl)

0.86
(0.77-0.92)

0.65
(0.37-0.80)

0.81
(0.31-0.92)

0.91
(0.85-0.95)

Measurement 1
Interobserver disagreement (%) 89.5% 42.1% 64.9% 29.8%

Measurement 2
Interobserver disagreement (%) 91.2% 43.9% 54.4% 21.1%

Table II. — ICC for interobserver agreement and percentage of disagreement
(defined as a difference greater than 2 mm between measurements) of the different raters.

PS...paediatric surgeon, PR...paediatric radiologist, CI…Confidence Interval

Measurement 1 Measurement 2

non-operatively operatively non-operatively operatively

PS1 n=16 (28%) 
2.8 mm (0.5-4.9)

n=41 (72%) 
9 mm (4.7-16.2)

n=26 (45.6%) 
4.8 mm (0.5-9.6)

n=31 (54.4%) 
9.1 mm (2.3-17.4)

PS2 n=22 (38.6%) 
3.6 mm (0-5)

n=35 (61.4%) 
9.7 mm (6-40)

n=20 (35.1%) 
3 mm (1-4)

n=37 (64.9%) 
7.1 mm (5-20)

PS3 n=35 (61.4%) 
3 mm (0-4.8)

n=22 (38.6%) 
7.4 mm (2.6-23.6)

n=23 (40.4%) 
2.9 mm (1-4.7)

n=34 (59.6%) 
7.3 mm (3-26.9)

PS4 n=11 (19.3%) 
2.8 mm (1.3-3.8)

n=46 (80.7%) 
9.1 mm (3.6-24)

n=13 (22.8%) 
3 mm (1.5-4)

n=44 (77.2%) 
9.2 mm (4.1-20.1)

Table III. — Number and percentage of non-operative or operative treatment recommendations and their 
respective displacement (mean and range) of the four paediatric surgeons at the two separate time points; 

a total of 57 radiographs of displaced humeral medial epicondyle fractures were included



242	 c. arneitz, c. castellani, s. tschauner, j. schalamon, g. singer, h. till	

Acta Orthopædica Belgica, Vol. 88 - 2 - 2022

While the possibility of conservative treatment of 
non-displaced fractures is undisputed, the amount 
of displacement demanding surgical reduction and 
fixation is currently unknown (5). Despite missing 
data about the clinical significance, most published 
reports have applied displacement limits ranging 
between 2 and 5 mm (6,7,12). However, there are 

reports describing a favorable outcome in patients 
with even more displacement. For instance, Axibal 
et al. have compared 22 operatively treated to 22 
matched non-operatively treated participants with 
a mean displacement of 9.7 mm in both groups 
and have found no differences in the length of 
immobilization as well as median time to gain full 
range of motion (13).

In addition to the aforementioned debate con-
cerning the threshold of the displacement of 
humeral epicondyle fractures, measurements 
of the displacement itself seem to be highly 
variable. Pappas and coworkers have noticed 
low interobserver and intraobserver agreements 
comparable to our findings (10). In their study, the 
displacement of 39 paediatric medial epicondyle 
fractures was rated by five separate reviewers with 
various levels of orthopedic training. Ten of the 
39 radiographs were measured a second time. The 
ICC for intraobserver reliability ranged from 0.24 
to 0.98 and the ICC for interobserver reliability 
was 0.8 (10). The values of the present study 
(intraobserver ICC ranging between 0.67 and 0.94; 
interobserver ICC 0.9 and 0.93 for measurement 
1 and 2, respectively) are comparable to this data. 
Nevertheless, these results underline the fact that 
a standardized and validated system for measuring 
fracture displacement of humeral medial epicondyle 
fractures is needed. As a prerequisite, however, the 
normal anatomical location of the medial humeral 
epicondyle should be defined and displacement 
should be measured as the maximum distance 
between the fragment and its normal location 
(10,14). Gottschalk and coworkers recommend 
standardized 45 degrees oblique radiographs to 
improve intraobserver and interobserver reliability 
(15). Nevertheless, these views were not included in 
the standard radiographic examinations of humeral 
medial epicondyle fractures in our Department and 
were therefore not available for the present study.

Another interesting finding of the present study 
is the considerable variability of treatment re-
commendations between the different raters. In 
another available report, Hughes and colleagues 
have performed a discrete choice experiment with 
a convenience sample of 13 paediatric orthopedic 
surgeons reviewing 60 cases of medial epicondyle 

Figure 2: Sankey diagram showing the amount of disagreement between the two time points 

for each of the six raters 

 

 
  

Figure 2. — Sankey diagram showing the amount of dis-
agreement between the two time points for each of the six raters.

Figure 3: Example antero-posterior radiographs; a…10-year-old girl with a displaced humeral 

medical epicondyle fracture, measurements ranged from 5.2 to 6.1 mm (measurement 1) and 5 

to 6.8 mm (measurement 2) and were rated as clinical agreement; b…15-year-old boy with a 

displaced humeral medical epicondyle fracture, measurements ranged from 7.5 to 11.9 mm 

(measurement 1) and 7.2 to 11.7 mm (measurement 2) and were rated as clinical disagreement 

 

  Figure 3. — Example antero-posterior radiographs; a: 10-year-
old girl with a displaced humeral medical epi condyle fracture, 
measurements ranged from 5.2 to 6.1 mm (measurement 1) 
and 5 to 6.8 mm (measurement 2) and were rated as clinical 
agreement; b: 15-year-old boy with a displaced humeral 
medical epicondyle fracture, measurements ranged from 7.5 to 
11.9 mm (measurement 1) and 7.2 to 11.7 mm (measurement 
2) and were rated as clinical disagreement.
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epicondyle fractures in paediatric and adolescent 
patients are needed and subject for future studies.
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fractures (16). The surgeons were queried whether 
they would treat the injury operatively or non-opera-
tively. 54% of the surgeons preferred ORIF (open 
reduction and internal fixation) over conservative 
treatment for the included 60 scenarios; for every 
millimeter increase in displacement, the surgeons 
tended to ORIF by a factor of 0.09 (16). Comparable 
to our results, there was also substantial variation 
among the surgeons when treating the fractures 
and the decision to operate was significantly based 
on the degree of displacement and if there was a 
concomitant elbow dislocation (16). 

The present examination, however, has only 
focused on displacement and the raters were not 
informed whether or not there was a concomitant 
elbow dislocation. Therefore, we are not able to 
examine whether other factors, besides concomitant 
elbow dislocation, such as trauma mechanism, 
elbow stability and expected high-level physical 
over-head activity – which all have been discussed 
as indications for operative treatment (17) – influence 
the surgeon´ treatment recommendation.

A possible limitation of the present study is the 
inclusion of a relatively small number of patients 
and its retrospective design. Nevertheless, all 57 
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