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Abstract: Supracondylar fractures of the humerus are frequent paediatric injuries. The aims of this
study were to evaluate the applicability and reproducibility of the Gartland and Wilkins classification,
the Baumann angle (BA) and the Anterior Humeral Line (AHL). This retrospective monocentric
observational study was conducted on 217 patients. Four observers assessed the pre-operative
radiographs by applying the Gartland and Wilkins classification and the post-operative X-rays by
measuring the BA and AHL. The kappa coefficient (K) and the Cohen’s kappa were used for the
reliability of the Gartland classification; the Intraclass Correlation Coefficient (ICC) for that of the BA.
The AHL was evaluated in a double manner by using first the K and the Cohen’s kappa and then
the ICC. A total of 186 patients were eligible. Inter-observer reliability for the Gartland classification
was K = 0.73–0.61 for type III, 0.65–0.61 for type Ia and 0.43–0.26 for type IIb. The Baumann angle
mean value in the first data collection was 73.5 ± 6.85 (inter-observer ICC 0.74) and 72.9 ± 6.83
(inter-observer ICC 0.77) for the second data collection; AHL: inter-observer ICC 0.87 for the first
evaluation and 0.80 for the second one. Gartland’s classification modified by Wilkins has a high
degree of reliability. BA and AHL appear reproducible and reliable.

Keywords: supracondylar fractures; Gartland classification; Baumann angle; anterior humeral
line; children

1. Introduction

Supracondylar fractures of the humerus are frequent injuries typical of the immature
skeleton. They account for up to 18% of all pediatric fractures and up to 60% of elbow
fractures, with an annual incidence of 177.3 per 100,000 [1–4]. According to some authors,
the male population aged between 5 and 7 years is more affected, and the prevalent site is
the non-dominant upper limb [5,6]. Other authors stated that there is a sex-independent
distribution and that the left upper limb is more involved [7]. There is a seasonal distri-
bution with a peak in the summer months, probably related to the increased physical and
sporting activity during this period.

The supracondylar region in pediatric age is inherently fragile due to variations in
microarchitecture. The antero-posterior and lateral metaphyseal diameters are relatively
decreased compared to the adult, the spongy bone trabeculae are weaker, the corticals are
thinner, and the olecranon fossa and coronoid fossa are wider in the first decade of age; the
distal epiphysis of the humerus is still largely cartilaginous; the ligamentous laxity in the
elbow in extension typical of pediatric age favors the development of a bending force in
the supracondylar area [8].
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The most common mechanism of fracture is in hyperextension, when the olecranon
acts as a fulcrum in the olecranon fossa, usually following an accidental fall with impact on
the hand with the elbow extended (97–99% of cases) [9]. With the hand in pronation, the
direction of the dislocation is postero-medial; if it is in supination, the dislocation will be
postero-lateral, with different involvement of soft parts and vascular-nervous structures.
Alternatively, an anteriorly directed force can be developed in a direct trauma or in a fall
with a flexed elbow (2–3% of cases).

The supracondylar humerus fracture may be associated with a forearm fracture,
configuring a “floating elbow” in 3.5–5.3% of cases. Peripheral nerve damage occurs in
approximately 10–15% of pediatric supracondylar fractures: the anterior interosseous
nerve and the median nerve appear to be involved in extension fractures, and more rarely
the radial nerve may be damaged; ulnar nerve injuries occur most commonly in flexion
fractures and medial epicondyle fractures. Non-palpable arterial pulse is reported in
the literature in 6% of Gartland type III and may be due to spasm, extrinsic constriction,
incarceration between fracture fragments, thrombosis and tearing of the vessel wall.

The radiographic Gartland’s classification modified by Wilkins is the most commonly
used to describe the fracture pattern: I, IIa, IIb, and III (Figure 1).
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In type I fractures, the fracture line is not easily identifiable and the sign of fat pads
can help in making a diagnosis; it may be an occult fracture and the signs of healing could
become visible at radiographic follow-up. In type II fractures, the integrity of the posterior
cortex is maintained by a thick intact periosteum, but there is angulation of the bone
fragments and the anterior humeral line falls anterior to the middle third of the capitulum
(in type IIa, there is angulation without rotation; in type IIb, there is rotational and/or
translational displacement). Type III fractures are complete and displaced; the direction of
displacement is often postero-medial, more rarely postero-lateral.

There are some radiographic parameters that can be assessed. On the antero-posterior
projection it is possible to calculate the Baumann angle (BA), the carrying angle, the humero-
ulnar angle and the metaphyseal diaphyseal angle. In lateral projection, the coronoid line,
the radio-capitellar line and the anterior humeral line (AHL) can be observed.

The Baumann angle and the Anterior Humera Line are very often used in the literature
and in clinical practice [10]. Regarding the BA, type I variation is the one originally
described by the author and is the most used, involving measurement of the angle between
the axis of the humeral diaphysis and the line parallel to the fossa of the lateral condyle.
The resulting angle has a normal value of 75–80◦ [11].

The AHL should intersect the middle third of the capitulum nucleus, giving an idea
of the translation of the distal fragment in the sagittal plane after fracture reduction [12].
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Rogers et al. [13] first described the AHL by establishing that it should pass through the
middle third of the capitulum. Herman et al. [14] argued that the AHL line could pass
through either the middle third or the anterior third indifferently in children under 4 years
of age, and through the middle third in older children.

Concerning the treatment, Gartland and Wilkins Type I fractures are stable, with
minimal risk of displacement or angulation. The anterior humeral line is preserved and dis-
placement is less than 2 mm. Treatment is non-surgical and represented by immobilization
for precautionary antalgic purposes in brachio-metacarpal cast braces with elbow flexion at
60–90◦. In type IIa according to Gartland and Wilkins, without a rotational deformity, a
coronal malalignment, or a dislocation in extension of the distal fragment, treatment can be
conservative with plaster. Stabilization by percutaneous pinning should be considered in
Type IIa fractures in which flexion greater than 90◦ is required to maintain reduction, and
in Type IIb fractures. In Type IIb and Type III, the most appropriate timing to ensure safe
and reliable synthesis is still debated in the literature [15].

The aims of this study were to evaluate the inter- and intra-observer reliability of
Gartland’s classification modified by Wilkins and those of the Baumann angle (BA) and of
the Anterior Humeral Line (AHL).

2. Materials and Methods

This retrospective single-center observational study was carried out at the Bambino
Gesù Children’s Hospital in Rome. The study was conducted in accordance with the
Declaration of Helsinki and a notification was sent to the ethics committee of the Hospital.

We collected the clinical data of 217 consecutive patients with a diagnosis of supra-
condylar fracture type Gartland and Wilkins IIa, IIb or III, all treated by the same team
between 2016 and 2017. Patients with type I supracondylar fractures, those whose clinical
radiographic documentation was incomplete or radiographic images were not suitable for
the calculation of the chosen parameters were excluded. The medical history and imaging
documentation of all patients were collected.

Four observers participated in the study: Observer 1 (O1—medical doctor at the 5th
year of residency in Orthopaedics and Traumatology); Observer 2 (O2—junior grade Or-
thopaedist with 1 year of experience); Observer 3 (O3—senior Orthopaedist with 15 years
of experience); Observer 4 (O4—middle grade Orthopaedist with 5 years of experience).
Two evaluations were performed in two different moments (two months apart from the
first observation to the second) on the pre-operative radiographs grading the fractures
according to the Gartland and Wilkins classification (IIa, IIb, III). In addition, in the imme-
diate postoperative period, the following parameters were calculated by all observers two
times (two months apart from the first observation to the second): on the antero-posterior
projection, the Baumann angle; on the latero-lateral projection, the Anterior Humeral Line.

Regarding the AHL, we previously identified seven radiographic areas of the elbow
on the lateral projection: zone 0 (AHL that fell out of the anterior humeral cortex), zone 1
(AHL tangent to the anterior humeral cortex), zone 2 (AHL that fell in the anterior third of
the capitulum), zone 3 (AHL that fell in the middle third of the capitulum), zone 4 (AHL
that fell in the posterior third of the capitulum), zone 5 (AHL tangent to the posterior
humeral cortex) and zone 6 (AHL out of the posterior cortex).

Statistical analysis was performed using the STATA system (Stata, College Station, TX,
USA). A p-value of less than 0.05 was considered significant.

For assessing the inter-observer reliability of the Gartland classification, we obtained
the kappa measure for each 1 vs. 1 operator; for the intra-observer reliability a Cohen’s
kappa was used to examine the results of each operator.

Regarding the Baumann angle, we calculated the population mean for all the measure-
ments; then, we used the Intraclass Correlation Coefficient (ICC) to assess the inter-observer
and the intra-observer reliability.

The anterior humeral line was analyzed in a double manner: considering it as a discrete
variable, the inter-observer reliability was obtained through the kappa measure for each 1
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vs. 1 operator; for the intra-observer reliability a Cohen’s kappa was used. Considering
the AHL as a continuous variable, both the inter- and the inter-observer reliability were
calculated using the ICC.

3. Results

The initial population included 217 patients. Of these, 30 were excluded because
the clinical radiographic documentation was incomplete and one because the Baumann
angle was incalculable due to the closure of the growth nuclei. The sample under study
therefore consisted of 186 individuals. It comprised 109 (58.60%) male and 77 (41.39%)
female patients. The mean age was 6.5 years with a minimum of 1.2 years and a maximum
of 7.7 years. The affected side was the left in 116 (62.36%) patients; the right in 70 (37.6%)
patients. In the summer months (in order: August, June, July, September), there was the
seasonal peak of fractures, with a clear reduction in the autumn and winter months.

With regard to the traumatic event, in our study the fall occurred mainly during
sports activities (16.1%), at home (13.4%), at playground (10.2%), falls from little height e.g.,
furniture or trees or statues (10.2%), at school (5.4%), in the street (5.4%), in a public park
(4.3%), on inflatables (2.7%), from a low wall (2.1%), on trampolines (1.6%), due to road
traffic (1.1%), at the beach (1.1%), in osteogenesis imperfecta (0.5%), or due to unknown
cause (18.3%). There were four exposed fractures (2.15%) and one elbow dislocation (0.5%);
an ipsilateral distal radius fracture was associated with a supracondylar humerus fracture
in four patients (2.15%), in one of whom the distal radius was fractured bilaterally.

Acute vascular deficits were present in four patients (2.15%): in three patients, in the
form of a weak radial pulse with immediate resumption of a valid pulse after placement of
trans-olecranon traction in the emergency department; in one patient, there was pulseless-
ness at onset due to lesion and thrombosis of the humeral artery which needed exploration
and suture in the emergency room, once closed reduction and percutaneous fracture syn-
thesis had been performed. One patient (0.5%) reported major skin complications such as
circumferential blisters requiring drainage and renewal of the plaster cast during hospital
stay. Eleven patients (5.9%) reported neurological complications (three median nerve deficit,
one radial nerve deficit, six anterior interosseous nerve deficit NIA and one unspecified).
Concerning the NIA deficit, in one patient the recovery occurred immediately after traction
placement, in four patients the improvement was almost complete two months after the
trauma and in one patient the improvement was perceived by 5 months post trauma. The
patient with radial deficit was lost at follow-up, and the patient with nerve deficit of an
unspecified type in the history had almost complete improvement two months after the
trauma.

The measurements were performed on 186 subjects by four observers (O1, O2, O3, O4)
on two different occasions (a total of 1488 observations).

3.1. Gartland

Regarding the Gartland classification, the amount of inter-observer agreement was
higher than the expected one, indicating that we can reject (p < 0.05) the hypothesis that
the determinations were done randomly. In the first visit, there was agreement among all
four observers on 31.2% for type III, 14% for type IIa, and 9.7% for type IIb, with a kappa of
0.73 for type III (substantial), 0.65 for type IIa (substantial), and 0.43 (moderate) for type
IIb. The combined K for all the types was 0.61 (substantial). In the second data collection,
there was agreement among all four observers on 38.2% for type III, 10.2% for type IIa and
2.7% for type IIb, with a K of 0.61 (substantial) for type IIa e III; and K of 0.26 (fair) for
type IIb. Values less than 0.00 indicate poor reliability; 0.00 to 0.20, slight reliability; 0.21 to
0.40, fair reliability; 0.41 to 0.60, moderate reliability; 0.61 to 0.80, substantial agreement;
and 0.81 to 1.00, excellent or almost perfect agreement. The results are listed in Table 1.
The intra-observer reliability was measured by using the unweighted Cohen’s kappa: O1
79.03% (p-value < 0.0001); O2 66.67% (p-value < 0.0001); O3 98.92% (p-value < 0.0001); O4
81.18% (p-value < 0.0001).
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Table 1. Inter-observer reliability of Gartland Classification.

Gartland Type Evaluation K Z p-Value Interpretation

IIa
1◦ evaluation 0.65 21.87 <0.0001 substantial
2◦ evaluation 0.61 20.58 <0.0001 substantial

IIb
1◦ evaluation 0.43 14.49 <0.0001 moderate
2◦ evaluation 0.26 8.86 <0.0001 fair

III
1◦ evaluation 0.73 24.39 <0.0001 substantial
2◦ evaluation 0.61 20.38 <0.0001 substantial

K: kappa measure, Z: zeta score.

3.2. Baumann Angle

The Baumann angle on 186 subjects was evaluated by four observers on two different
occasions (a total of 1488 observations). The mean value of the measurements obtained
in the first data collection (a total of 744 observations) was 73.5 ± 6.85 with an overall
Inter-observer ICC of 0.74 (95% confidence interval = 0.67–0.80), interpreted as “good”. The
744 s visit measurements showed the following population mean: 72.9 ± 6.83, with an inter-
observer ICC of 0.77, interpreted as “good” (95% confidence interval = 0.71–0.82). Reliability
was considered to be almost perfect for an ICC value of 0.81 to 1.0, good for 0.61 to 0.80,
moderate for 0.41 to 0.60, fair for 0.21 to 0.40, and poor for 0.0 to 0.20. The intra-observer
reliability between visits was estimated for each operator (O1 ICC = 0.90, 95% confidence
interval = 0.87–0.93; O2 ICC = 0.96, 95% confidence interval = 0.94–0.97; O3 ICC = 0.94, 95%
confidence interval = 0.92–0.96; O4 ICC = 0.91, 95% confidence interval = 0.87–0.93). The
results are listed in Tables 2 and 3.

Table 2. Inter-observer reliability of Baumann angle.

Evaluation ICC p-Value Interpretation

1◦ evaluation 0.74 <0.001 Good
2◦ evaluation 0.77 <0.001 Good

Table 3. Intra-observer-reliability of Baumann angle.

Observer ICC p-Value Interpretation

O1 0.90 <0.001 Almost perfect
O2 0.96 <0.001 Almost perfect
O3 0.94 <0.001 Almost perfect
O4 0.91 <0.001 Almost perfect

3.3. Anterior Humeral Line

Regarding the AHL, the amount of agreement indicates that we can reject (p < 0.05)
the hypothesis that the determinations were done randomly.

Interobserver reliability was, for the first visit, 8.6% for AHL that fell in the anterior
third of the capitulum, 5.9% for AHL on the middle third and 1.6% for AHL tangent to
the anterior humeral cortex; all the other identified areas (AHL that fell out of the anterior
humeral cortex, in the posterior third of the capitulum, tangent to the posterior humeral
cortex, and out of the posterior cortex) had 0%. For the second visit, there was agreement
of classification among all four observers only for 10.8% of AHL that fell in the anterior
third and 8.6% in the middle third. Results are listed in Tables 4 and 5.



J. Clin. Med. 2024, 13, 167 6 of 10

Table 4. Inter-observer reliability AHL as discrete variable in the first visit.

Zone * Agreement K Z p-Value

0 0% 0.43 14.62 <0.0001

1 1.6% 0.31 10.58 <0.0001

2 8.6% 0.18 6.19 <0.0001

3 5.9% 0.17 5.78 <0.0001

4 0% 0.17 5.97 <0.0001

5 0% 0.21 7.21 <0.0001

6 0% −0.0013 -0.04 0.5179
* Zones are listed in Materials and Methods section.

Table 5. Inter-observer reliability AHL as discrete variable in the second visit.

Zone * Agreement K Z p-Value

0 0% 0.08 2.89 0.0019

1 0% 0.15 5.32 <0.0001

2 10.8% 0.20 6.94 <0.0001

3 8.6% 0.29 9.91 <0.0001

4 0% 0.00 0.22 0.4124

5 0% 0.26 8.74 <0.0001

6 0% NA NA NA
* Zones are listed in Materials and Methods section.

Intraobserver reliability was measured by using the unweighted Cohen’s kappa (in-
terpretation: O3 86.02% > O2 64.52% > O1 56.45%> O4 30.11%). The results are listed in
Table 6.

Table 6. Intra-observer reliability of AHL as discrete variable.

Observer Agreement K Z p-Value

O1 56.45% 0.38 9.04 <0.0001
O2 64.52% 0.37 6.41 <0.0001
O3 86.02% 0.73 13.99 <0.0001
O4 30.11% 0.17 7.02 <0.0001

However, if the variable AHL location category is treated as continuous, Intraclass
Correlation coefficient (ICC) is calculated to assess inter-observer reliability and test–retest
reliability. Overall, inter-observer ICC of AHL was 0.87 (95% confidence interval = 0.83–
0.89), interpreted as “almost perfect”, and 0.80 (95% confidence interval = 0.75–0.84),
interpreted as “good”, for the second visit. The intra-observer reliability between visits
was estimated for each operator: O1 ICC = 0.85 (95% confidence interval = 0.79–0.88);
O2 ICC = 0.66 (95% confidence interval = 0.54–0.74); O3 ICC = 0.91 (95% confidence
interval = 0.88–0.93); O4 ICC = 0.85 (95% confidence interval = 0.80–0.89). Results are listed
in Tables 7 and 8.

Table 7. Inter-observer reliability of AHL as a continuous variable.

Evaluation ICC p-Value Interpretation

1◦ evaluation 0.87 <0.001 Almost perfect
2◦ evaluation 0.80 <0.001 Good
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Table 8. Intra-observer reliability of AHL as a continuous variable.

Observer ICC p-Value Interpretation

O1 0.85 <0.001 Almost perfect
O2 0.66 <0.001 Good
O3 0.91 <0.001 Almost perfect
O4 0.85 <0.001 Almost perfect

4. Discussion

The mean age of 6.5 years in the study sample is slightly higher than in the literature:
5 years [16], 5.5 years [17], 6 years [18], and 6.2 years [19]. The gender predominance
in our study was male. The latter finding is in agreement with the study by Mitchelson
et al. [20] and that of Barr. Other studies report no significant differences in the distribution
of supracondylar fractures by sex [21]. In our study, the most affected side was left, in
agreement with Morrey.

Regarding the seasonal distribution, in our study the highest number of fractures was
observed during the summer. This is in agreement with the study by Holt et al. [17] and the
study by Houshian et al. [22]. Farnsworth et al., in California, reported no differences in
seasonal distribution, perhaps because the climate there is temperate year-round, compared
to the USA and Denmark [23]. Our results are similar to those of Mitchelson and Aparicio
regarding the rate of falls during sporting activity (16.1%) and with Barr regarding falls
from furniture (10.2%). Holt et al. and Sinikumpu et al. reported the highest incidence
of falls from playground equipment (25–40% and 51.5% respectively) [24]. We found the
lowest agreement regarding falls from trampolines (1.6%), which is the highest in the
literature (Mitchelson 7.3%).

The overall Inter-observer reliability with regard to the Gartland grades showed the
greatest agreement for grade III (first visit, K = 0.73; second visit, K = 0.61; agreement
among all observers 31.2% on the first visit and 38.2% on the second visit), then for grade
IIa (first visit, K = 0.65; second visit, K = 0.61; agreement among all observers 14% on the
first visit and 10.2% on the second visit) and finally grade IIb (first visit, K = 0.43; second
visit, K = 0.26; agreement among all observers was 9.7% on the first visit and 2.7% on the
second visit). These values are in line with the literature: Barton et al. obtained an overall
K-value between 0.59 and 0.77 for each time the observers had performed the radiographic
observation [25]; Silveira Rocha obtained an overall inter-observer correlation of K = 0.756
globally [26]; Teo et al. reported a weighted K between 0.66 and 0.68 in their two groups of
observers from different geographical locations [27], similarly to Heal et al. [28]. We are
also in agreement with Mallo et al., who found a low to moderate agreement for type II
and good to excellent for type III [29].

The mean value of the Baumann angle in the first visit was 73.5 ± 6.85 (with an
overall inter-observer ICC of 0.74 (95% confidence interval = 0.67–0.80), interpreted as
“good”); in the second visit, 72.9 ± 6.83 (with an inter-observer ICC of 0.77, interpreted
as “good”, 95% confidence interval = 0.71–0.82). These values are in agreement with the
literature: Shank et al. found a mean BA of 71.5◦ with interobserver reliability 0.86 [30];
Silva et al. found r = 0.78, considering a difference of up to 7◦ in the acceptable error
range; Suangyanon et al. found interobserver reliability with r= 0.843 [31]. Several factors
influence the measurement of the Baumann angle: the age of the patient and therefore the
disappearance of the capitulum cartilage when ossified; internal or external rotation which
would result in 5◦ of variation for the BA for every 10◦ of rotation, according to Camp
et al. [32]; according to Segal et al., the BA value only changes when the intra-rotation varies
by −70◦ and the extra-rotation reaches +40◦ [33]. The concordance on the BA measurement
increases significantly when the visible humerus is >7 cm (p = 0.04) [34].

Regarding the AHL, overall inter-observer ICC of AHL was 0.87 (95% confidence inter-
val = 0.83–0.89), interpreted as “almost perfect”, and 0.80 (95% confidence interval = 0.75–
0.84) for the second visit. The intra-observer reliability between visits was estimated for
each operator (O1 ICC = 0.85, 95% confidence interval = 0.79–0.88; O2 ICC = 0.66, 95%
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confidence interval = 0.54–0.74; O3 ICC = 0.91, 95% confidence interval = 0.88–0.93; O4
ICC = 0.85, 95% confidence interval = 0.80–0.89). Interobserver reliability was, for the
first data collection, 8.6% for AHL that intersected the anterior third of the capitulum,
5.9% when AHL fell in the middle third of the capitulum and 1.6% for AHL tangent to
the anterior humeral cortex; for all the other identified areas (AHL that fell out of the
anterior humeral cortex, in the posterior third of the capitulum, tangent to the posterior
humeral cortex and out of the posterior cortex) it was 0%. For the second data collection,
there was agreement of classification among all four observers only on 10.8% for AHL in
the anterior third of the capitulum and 8.6% in the middle third of the capitulum. The
line fell for all observers most frequently in the anterior or middle third of the capitulum
nucleus. More rarely, the AHL fell out of the nucleus posteriorly, so the fractures were
rarely hypercorrected. However, if AHL is treated as a continuous variable, our ICC value
is similar to that obtained by Shimizu et al. (0.75) [35]. The quality of the radiographic
image, the intra rotation or external rotation of the humerus, and the size of the capitulum
augmentation nucleus are the influential factors on the AHL measurement.

A computer-aided evaluation of the radiographic images should be considered to
improve the variability of measurements and to detect and classify the fractures.

For complex articular fracture patterns, a computed tomography (CT) with 3D re-
construction could be helpful in preoperative evaluation and accurate reduction plan-
ning [36,37]. Some authors presented good results after using a virtual reality-based simu-
lator for training the reduction of the fracture [38]. Also, the use of artificial intelligence
(AI) has been used for fracture detection, but its algorithms must be better tested [39].

In our study, the reported acute vascular deficits were present in four patients (2.15%),
while nerve deficits were present in 5.9% of the cases, which is lower than in the literature.

5. Conclusions

Gartland’s classification modified by Wilkins has substantial reliability and repro-
ducibility. The overall inter-observer reliability with regard to the Gartland grades showed
the greatest agreement for grade III, then for grade IIa and finally grade IIb.

The latter were the most difficult to evaluate due to their intrinsic features. Indeed, the
evaluation of the translation and rotation of the fracture’s fragments on a bidimensional
radiographic image could be difficult.

Baumann angle and AHL have a high degree of reliability and give an idea of the
quality of the reduction achieved.

Given the above, the application of modern detection software and computer aided
diagnosis should be considered in order to overcome the variability in inter-observer
measurements.

The present study appears to be the first to have simultaneously assessed the interob-
server reliability of Gartland’s classification modified by Wilkins, that of Baumann’s angle
and that of the Anterior Humeral Line in a considerable sample of patients treated in only
two years at a single hospital center.

On the basis of the results achieved, the following limitations of the study can be
inferred: (i) the lack of a long clinical radiographic follow-up and (ii) the absence of a
specific software for the measurements of radiographic parameters.

Further studies will be necessary to assess the distant outcomes in these patients and
to better understand how to minimize inter-observer differences in evaluation.

Author Contributions: Conceptualization: V.C., A.G.A. and R.M.T.; methodology: V.C., S.C., G.M.
(Giulia Masci) and G.M. (Giuseppe Mastantuoni); software: V.C., A.G.A., G.M. (Giulia Masci), G.M.
(Giuseppe Mastantuoni) and S.C.; validation: V.C., A.G.A., S.C., G.M. (Giulia Masci), G.M. (Giuseppe
Mastantuoni), F.F. and R.M.T.; formal analysis: V.C. and A.G.A.; investigation: V.C., S.C., G.M. (Giulia
Masci) and G.M. (Giuseppe Mastantuoni); resources, V.C., F.F. and R.M.T.; data curation, V.C., A.G.A.
and R.M.T.; writing—original draft preparation: V.C., A.G.A., F.F. and R.M.T.; writing—review
and editing: V.C., A.G.A., S.C., G.M. (Giuseppe Mastantuoni), G.M. (Giulia Masci), F.F. and R.M.T.;
visualization: V.C., G.M. (Giulia Masci), S.C. and G.M. (Giuseppe Mastantuoni); supervision: A.G.A.,



J. Clin. Med. 2024, 13, 167 9 of 10

R.M.T. and F.F.; project administration: V.C., A.G.A. and R.M.T. All authors have read and agreed to
the published version of the manuscript.

Funding: This work was supported by the Italian Ministry of Health with “Current Research funds”.
No benefits in any form have been or will be received from a commercial party related directly or
indirectly to the subject of this manuscript. The manuscript submitted does not contain information
about medical device(s)/drug(s).

Institutional Review Board Statement: Considering the retrospective nature of the analysis, the cur-
rent study did not require the approval of the local ethics committee according to current legislation,
but a notification was sent to the ethics committee of Bambino Gesù Children Hospital, Rome. The
study was conducted by the Declaration of Helsinki. Datasets generated and/or analyzed during the
current study are available from the corresponding author upon reasonable request.

Informed Consent Statement: Written informed consent to participate in this study was provided by
the participants.

Data Availability Statement: Datasets generated and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Acknowledgments: The authors thank Andrea Fusco for statistical analysis (Department of Human
Sciences, Society and Health, University of Cassino and Southern Lazio, 03043 Cassino, Italy).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Shenoy, P.M.; Islam, A.; Puri, R. Current Management of Paediatric Supracondylar Fractures of the Humerus. Cureus 2020, 12,

e8137. [CrossRef] [PubMed]
2. Khoshbin, A.; Leroux, T.; Wasserstein, D.; Wolfstadt, J.; Law, P.W.; Mahomed, N.; Wright, J.G. The epidemiology of paediatric

supracondylar fracture fixation: A population-based study. Injury 2014, 45, 701–708. [CrossRef] [PubMed]
3. Mulpuri, K.; Hosalkar, H.; Howard, A. AAOS clinical practice guideline: The treatment of pediatric supracondylar humerus

fractures. JAAOS-J. Am. Acad. Orthop. Surg. 2012, 20, 328–330. [CrossRef] [PubMed]
4. Wegmann, H.; Orendi, I.; Singer, G.; Eberl, R.; Castellani, C.; Schalamon, J.; Till, H. The epidemiology of fractures in infants–which

accidents are preventable? Injury 2016, 47, 188–191. [CrossRef] [PubMed]
5. Micheloni, G.M.; Novi, M.; Leigheb, M.; Giorgini, A.; Porcellini, G.; Tarallo, L. Supracondylar fractures in children: Management

and treatment. Acta Biomed. 2021, 92, e2021015.
6. Kumar, V.; Singh, A. Fracture supracondylar humerus: A review. J. Clin. Diagn. Res. 2016, 10, RE01. [CrossRef]
7. Stans, A.A. Supracondylar Fractures of the Elbow in Children. In Morrey’s the Elbow and Its Disorders, 5th ed.; Elsevier: Amsterdam,

The Netherlands, 2018.
8. Marquis, C.P.; Cheung, G.; Dwyer, J.S.M.; Emery, D.F.G. Supracondylar fractures of the humerus. Curr. Orthop. 2008, 22, 62–69.

[CrossRef]
9. Cheng, J.C.; Lam, T.P.; Maffulli, N. Epidemiological features of supracondylar fractures of the humerus in Chinese children. J.

Pediatr. Orthop. B 2001, 10, 63–67.
10. Iorio, C.; Crostelli, M.; Mazza, O.; Rota, P.; Polito, V.; Perugia, D. Conservative versus surgical treatment of Gartland type 2

supracondylar humeral fractures: What can help us choosing? J. Orthop. 2018, 16, 31–35. [CrossRef]
11. Acon, J.D.; Mc Nally, M.A. Baumann’s confusing legacy. Injury 2001, 32, 41–43. [CrossRef]
12. Turhan, E.; Aksoy, C.; Ege, A.; Bayar, A.; Keser, S.; Alpaslan, M. Sagittal plane analysis of the open and closed methods in children

with displaced supracondylar fractures of the humerus (a radiological study). Arch. Ortop. Trauma. Surg. 2008, 128, 739–744.
[CrossRef]

13. Rogers, L.F.; Malave, S., Jr.; White, H.; Tachdjian, M.O. Plastic bowing, torus and greenstick supracondylar fractures of the
humerus: Radiographic clues to obscure fractures of the elbow in children. Radiology 1978, 128, 145–150. [CrossRef] [PubMed]

14. Herman, M.J.; Boardman, M.J.; Hoover, J.R.; Chafetz, R.S. Relationship of the anterior humeral line to the capitellar ossific nucleus:
Variability with age. J. Bone Jt. Surg. Am. 2009, 91, 2188–2193. [CrossRef] [PubMed]

15. Loizou, C.L.; Simillis, C.; Hutchinson, J.R. A systematic review of early versus delayed treatment for type III supracondylar
humeral fractures in children. Injury 2009, 40, 245–248. [CrossRef] [PubMed]

16. Aparicio Martínez, J.L.; Pino Almero, L.; Cibrian Ortiz de Anda, R.M.; Guillén Botaya, E.; García Montolio, M.; Mínguez Rey,
M.F. Epidemiological study on supracondylar fractures of distal humerus in pediatric patients. Rev. Española Cirugía Ortopédica
Traumatol. (Engl. Ed.) 2019, 63, 394–399. [CrossRef] [PubMed]

17. Holt, J.B.; Glass, N.A.; Shah, A.S. Understanding the Epidemiology of Pediatric Supracondylar Humeral Fractures in the United
States: Identifying Opportunities for Intervention. J. Pediatr. Orthop. 2018, 38, e245–e251. [CrossRef] [PubMed]

https://doi.org/10.7759/cureus.8137
https://www.ncbi.nlm.nih.gov/pubmed/32550057
https://doi.org/10.1016/j.injury.2013.10.004
https://www.ncbi.nlm.nih.gov/pubmed/24183392
https://doi.org/10.5435/JAAOS-20-05-328
https://www.ncbi.nlm.nih.gov/pubmed/22553105
https://doi.org/10.1016/j.injury.2015.08.037
https://www.ncbi.nlm.nih.gov/pubmed/26384660
https://doi.org/10.7860/JCDR/2016/21647.8942
https://doi.org/10.1016/j.cuor.2007.12.002
https://doi.org/10.1016/j.jor.2018.12.001
https://doi.org/10.1016/S0020-1383(00)00102-9
https://doi.org/10.1007/s00402-007-0523-4
https://doi.org/10.1148/128.1.145
https://www.ncbi.nlm.nih.gov/pubmed/663200
https://doi.org/10.2106/JBJS.H.01316
https://www.ncbi.nlm.nih.gov/pubmed/19723996
https://doi.org/10.1016/j.injury.2008.07.031
https://www.ncbi.nlm.nih.gov/pubmed/19195654
https://doi.org/10.1016/j.recot.2019.07.001
https://www.ncbi.nlm.nih.gov/pubmed/31521582
https://doi.org/10.1097/BPO.0000000000001154
https://www.ncbi.nlm.nih.gov/pubmed/29462120


J. Clin. Med. 2024, 13, 167 10 of 10

18. Barr, L.V. Paediatric supracondylar humeral fractures: Epidemiology, mechanisms and incidence during school holidays. J. Child.
Orthop. 2014, 8, 167–170. [CrossRef] [PubMed]

19. Silva, M.; Pandarinath, R.; Farng, E.; Park, S.; Caneda, C.; Fong, Y.J.; Penman, A. Inter- and intra-observer reliability of the
Baumann angle of the humerus in children with supracondylar humeral fractures. Int. Orthop. 2010, 34, 553–557. [CrossRef]

20. Mitchelson, A.J.; Illingworth, K.D.; Robinson, B.S.; Elnimeiry, K.A.; Wilson, C.J.; Markwell, S.J.; Gabriel, K.R.; McGinty, J.; Saleh,
K.J. Patient demographics and risk factors in pediatric distal humeral supracondylar fractures. Orthopedics 2013, 36, e700–e706.
[CrossRef]

21. LiBrizzi, C.L.; Klyce, W.; Ibaseta, A.; Shannon, C.; Lee, R.J. Sex-based differences in pediatric supracondylar humerus fractures.
Medicine 2020, 99, e20267. [CrossRef]

22. Houshian, S.; Mehdi, B.; Larsen, M.S. The epidemiology of elbow fractures in children: Analysis of 355 fractures, with special
reference to supracondylar humerus fractures. J. Orthop. Sci. 2001, 6, 312–315. [CrossRef] [PubMed]

23. Farnsworth, C.L.; Silva, P.D.; Mubarak, S.J. Etiology of supracondylar humerus fractures. J. Pediatr. Orthop. 1998, 18, 38–42.
[CrossRef] [PubMed]

24. Sinikumpu, J.J.; Pokka, T.; Hyvönen, H.; Ruuhela, R.; Serlo, W. Supracondylar humerus fractures in children: The effect of weather
conditions on their risk. Eur. J. Orthop. Surg. Traumatol. 2017, 27, 243–250. [CrossRef] [PubMed]

25. Barton, K.L.; Kaminsky, C.K.; Green, D.W.; Shean, C.J.; Kautz, S.M.; Skaggs, D.L. Reliability of a modified Gartland classification
of supracondylar humerus fractures. J. Pediatr. Orthop. 2001, 21, 27–30. [CrossRef] [PubMed]

26. Silveira Rocha, I.T.; De Siqueira Faria, A.; Fontoura Filho, C.; Rocha, M.A. Reproducibility of the AO/ASIF and Gartland
classifications for supracondylar fractures of the humerus in children. Rev. Bras. Ortop. 2015, 50, 266–269.

27. Teo, T.L.; Schaeffer, E.K.; Habib, E.; Cherukupalli, A.; Cooper, A.P.; Aroojis; Sankar, W.N.; Upasani, V.V.; Carsen, S.; Mulpuri, K.;
et al. Assessing the reliability of the modified Gartland classification system for extension-type supracondylar humerus fractures.
J. Child. Orthop. 2019, 13, 569–574. [CrossRef]

28. Heal, J.; Bould, M.; Livingstone, J.; Blewitt, N.; Blom, A.W. Reproducibility of the Gartland classification for supracondylar
humeral fractures in children. J. Orthop. Surg. 2007, 15, 12–14. [CrossRef] [PubMed]

29. Mallo, G.; Stanat, S.J.C.; Gaffney, J. Use of the Gartland classification system for treatment of pediatric supracondylar humerus
fractures. Orthopedics 2010, 33, 19–22. [CrossRef]

30. Shank, C.F.; Wiater, B.P.; Pace, J.L.; Jinguji, T.M.; Schmale, G.A.; Bittner, R.C.; Bompadre, V.; Stults, J.K.; Krengel, W.F., 3rd. The
lateral capitellohumeral angle in normal children: Mean, variation, and reliability in comparison to Baumann’s angle. J. Pediatr.
Orthop. 2011, 31, 266–271. [CrossRef]

31. Suangyanon, P.; Chalayon, O.; Worawuthangkul, K.; Kaewpornsawan, K.; Ariyawatkul, T.; Eamsobhana, P. Pediatric elbow
measurement parameters: Evaluation of the six angles in inter- and intra-observer reliability. J. Clin. Orthop. Trauma. 2019, 10,
792–796. [CrossRef]

32. Camp, J.; Ishizue, K.; Gomez, M.; Gelberman, R.; Akeson, W. Alteration of Baumann’s angle by humeral position: Implications
for treatment of supracondylar humerus fractures. J. Pediatr. Orthop. 1993, 13, 521–525. [CrossRef] [PubMed]

33. Segal, D.; Emery, K.; Zeitlinger, L.; Rosenbaum, J.A.; Little, K.J. Humerus Rotation Has a Negligible Effect on Baumann Angle in a
Wide Range of Rotational Positions. J. Pediatr. Orthop. 2020, 40, e822–e826. [CrossRef] [PubMed]

34. Krengel, W.F., 3rd; Wiater, B.P.; Pace, J.L.; Jinguji, T.M.; Bompadre, V.; Stults, J.K.; Schmale, G.A. Does using the medial or lateral
humeral line improve reliability of Baumann angle measurement on plain x-ray? The effect of humeral length visualized on the
x-ray. J. Pediatr. Orthop. 2012, 32, 373–377. [CrossRef] [PubMed]

35. Shimizu, T.; Yoshida, A.; Omokawa, S.; Onishi, T.; Kira, T.; Santo, S.; Hasewgawa, H.; Kawamura, K.; Tanaka, Y. Importance of
anterior humeral line for successful anatomical reduction in the surgical treatment of pediatric supracondylar humeral fractures.
J. Orthop. 2017, 14, 358–362. [CrossRef] [PubMed]

36. Suero, E.M.; Hüfner, T.; Stübig, T.; Krettek, C.; Citak, M. Use of a virtual 3D software for planning of tibial plateau fracture
reconstruction. Injury 2010, 41, 589–591. [CrossRef]

37. Moldovan, F.; Gligor, A.; Bataga, T. Structured Integration and Alignment Algorithm: A Tool for Personalized Surgical Treatment
of Tibial Plateau Fractures. J. Pers. Med. 2021, 11, 190. [CrossRef]

38. Negrillo-Cárdenas, J.; Jiménez-Pérez, J.R.; Madeira, J.; Feito, F.R. A virtual reality simulator for training the surgical reduction of
patient-specific supracondylar humerus fractures. Int. J. Comput. Assist. Radiol. Surg. 2022, 17, 65–73. [CrossRef]

39. Chen, K.; Stotter, C.; Klestil, T.; Nehrer, S. Artificial Intelligence in Orthopedic Radiography Analysis: A Narrative Review.
Diagnostics 2022, 12, 2235. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s11832-014-0577-0
https://www.ncbi.nlm.nih.gov/pubmed/24643672
https://doi.org/10.1007/s00264-009-0787-0
https://doi.org/10.3928/01477447-20130523-12
https://doi.org/10.1097/MD.0000000000020267
https://doi.org/10.1007/s007760100024
https://www.ncbi.nlm.nih.gov/pubmed/11479758
https://doi.org/10.1097/01241398-199801000-00008
https://www.ncbi.nlm.nih.gov/pubmed/9449099
https://doi.org/10.1007/s00590-016-1890-8
https://www.ncbi.nlm.nih.gov/pubmed/27917439
https://doi.org/10.1097/01241398-200101000-00007
https://www.ncbi.nlm.nih.gov/pubmed/11176349
https://doi.org/10.1302/1863-2548.13.190005
https://doi.org/10.1177/230949900701500104
https://www.ncbi.nlm.nih.gov/pubmed/17429110
https://doi.org/10.3928/01477447-20091124-08
https://doi.org/10.1097/BPO.0b013e31821009af
https://doi.org/10.1016/j.jcot.2018.07.019
https://doi.org/10.1097/01241398-199307000-00019
https://www.ncbi.nlm.nih.gov/pubmed/8370787
https://doi.org/10.1097/BPO.0000000000001633
https://www.ncbi.nlm.nih.gov/pubmed/32658155
https://doi.org/10.1097/BPO.0b013e318251969f
https://www.ncbi.nlm.nih.gov/pubmed/22584838
https://doi.org/10.1016/j.jor.2017.06.002
https://www.ncbi.nlm.nih.gov/pubmed/28706380
https://doi.org/10.1016/j.injury.2009.10.053
https://doi.org/10.3390/jpm11030190
https://doi.org/10.1007/s11548-021-02470-6
https://doi.org/10.3390/diagnostics12092235

	Introduction 
	Materials and Methods 
	Results 
	Gartland 
	Baumann Angle 
	Anterior Humeral Line 

	Discussion 
	Conclusions 
	References

