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ABSTRACT

AIM: Supracondylar fractures of the humerus in children are very
fearful lesions due to its diagnosis, treatment, associated lesions and
the after-effects. Moreover, there are a broad number of treatments.
In 2009 we implanted a protocol for the supracondylar fractures treat-
ment.

METHODS: This a retroscpective analysis of patients hospital-
ized with supracondylar fractures of the humerus between March
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2009 and March 2011. In the study we analyzed the type of fracture
according to Gartland’s classification, type of immobilization and
reduction and the number and placing of the Kirschner wires. Inde-
pendent observer analyzed the results. Non-displaced fractures were
not included.

RESULTS: A total of 45 patients were attended during that period.
The mean age was 6.9 years old, 66% males and 66% with the left
arm injured. Type of fracture: type II (14), type III (31). Three cases
were treated with non surgical treatment. In 4 cases, closed surgical
treatment was not sufficient and open reduction was required. The
others thirty eight were treated with closed reduction surgery. The
functional results of the patiente were 38 excellent/good and 7 regu-
lar/bad. Radiological result shows a horizontalization of Baumann’s
angle related to the crossed pattern of the k-wires (p = 0.043). Statis-
tical study shows a relationship between the protocol’s follow-up and
good results (p = 0.039).

CONCLUSION: Following the protocol guarantees an 84.4% less
reinterventions and better clinical outcomes (p = 0.039). The crossed
pattern of the Kirschner wires presents a good stabilization of the
fracture but decreases the Baumann’s angle (p = 0.043), and thus
increasing the radiological cubital varus although it has no clinical
repercussion (p > 0.05).

Key words: Supracondylar fracture of humerus; Supracondylar
humerus fracture children; Gartland classification supracondylar;
Protocol

© 2017 The Author(s). Published by ACT Publishing Group Ltd. All
rights reserved.

Ares O, Seijas R, Sallent A, Dominguez A, Aguirre M.
Implementation of a Protocol for Treatment of Supracondylar
Fractures of Humerus in Children. International Journal of
Orthopaedics 2017; 4(3): 753-757 Available from: URL: http: //
www.ghrnet.org/index.php/ijo/article/view/1985

INTRODUCTION

The elbow is site of 8 to 12% of fractures in children, having its
peak incidence from 5 to 8 years old. Supracondylar fractures of the
humerus comprise 75% of childhood fractures of the elbow, and boys
sustain twice as many of these injuries as girls .
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Supracondylar fractures can be divided into two groups depending
if the mechanism of injury is a trauma in extension or in flexion. To
reliably predict the final carrying angle after reduction, Baumann’s
angle should be determined on AP X-rays of the elbow; that is,
the angle between the long axis of humeral shaft and the growth
plate of the lateral condyle!”. The angle between the axis of the
humeral diaphysis and the longitudinal axis of the lateral condyle is
approximately 64-81°5!,

It is useful to classify supracondylar humerus fractures according
to Gartland’s system to decided the appropriate treatment *:
Treatment for Type I fractures (non-displaced) is conservative,
involving orthopedic protection. Regarding type II (mildly displaced)
and III (completely displaced), several techniques have been used for
treating them . Management of Type 111 fractures required anatomic
reduction prior to bone stabilization. If closed reduction cannot be
achieved, open reduction must be performed.

This study analyzes the implementation and results of a protocol
(Figure 1) established by the Pediatric Orthopedics Department

(POD) of our hospital and put into practice by an emergency trauma
team, which is independent of the POD. The protocol was designed
to improve the outcome of treatment for supracondylar humerus
fractures with respect to the use of non-standardized treatment for

this type of injury.

MATERIALS AND METHODS

We performed a retrospective study analyzing implementation and
results of a protocol (Figure 1) established by our hospital’s POD. All
children between March 2009 and March 2011 with supracondylar
humerus fractures and hospitalized were included in the study. Non-
displaced Gartland type I fractures (30 cases) were not included.
A total of 45 patients comprised the study series, 30 (66.7%) boys
and 15 (33.3%) girls, with a mean age of 6.9 years old (SD 2.7). All
patients were visited at an approximate follow-up of 2 years after the
fracture (mean: 30 months, SD 2).

The supracondylar fracture was located in the left arm in 29 cases
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(64.4%) and the right arm in 16 cases (35.6%). The mechanism of
lesion was an accidental fall while walking in 38 cases (84.4%) and a
fall while practicing sports or cycling in 7 cases (15.6%). Forty-four
(97.8%) fractures occurred with the limb in extension and only one in
flexion.

According to the Gartland classification, there were 14 Type II
fractures (31.1%) and 31 Type IlI fractures (68.9%). Among the total,
88.6% showed no associated vascular or nerve lesions. There were 2
cases of associated vascular lesions, 2 nerve lesions, and 1 vascular
and nerve lesion.

The protocol aims to establish a systematic step within
supracondylar fractures of children, according to Gartland’s
classification. For Gartland type I fractures the first proposed choice
is a cast immobilization for 3 weeks. For Gartland types II and III,
the first option is closed reduction and lateral stabilization with 2
K-wires. If closed reduction is not possible the next option is open
reduction and stabilization with 2 lateral or crossed K-wires, being
the first choice in case of open fractures.

Regarding vascular lesion the protocol suggests that distal
vascularization should be always revised. Once the fracture is
stabilized if radial pulse is not present, ischemic signs must be
observed; proceeding to urgent surgical review in case these are
present. If ischemic signs do not appear within 24 hours, cast
immobilization for 3 weeks is recommended. When radial pulse is
present at the first review cast immobilization is the first choice.

Once the fracture is surgically stabilized and the patient has a
nerve injury the protocol suggests that a cast immobilization during
3 weeks is the best option. If an open fracture is accompanied of
a nerve injury, surgical revision must be performed. With closed
fractures and nerve injuries, the first option is a cast immobilization
during 3 weeks and proceed with EMG (electromyography) in a
month, physical therapy and orthopedic brace and monitoring the
clinical course. In case of unfavorable course, surgical review is
required, classifying the type of nerve injury. If it is a continuous
lesion probably a neurolysis must be done, whereas a discontinuous
injury could be treated with graft or suture.

Treatment consisted of conservative orthopedic management in
3(6.6%) patients, closed surgical treatment in 38 (84.4%), and open
surgery in 4 (8.9%) patients. One of the 3 patients who had received
conservative treatment later required open reduction and fixation.
Among the 38 fractures treated with closed reduction, 35 (92.1%)
patients underwent percutaneous fixation with 2 Kirschner wires
(K-wires) and 3 (7.9%) with 3 K-wires. Among those treated with
open surgery, 1 (25%) patient had fixation with 2 K-wires and 3
(75%) with 3 K-wires.

Thus, 43 out of 45 fractures (89.4%) were surgically repaired
with K-wire fixation; 37 (86.04%) with 2 pins and 6 (13.96%) with
3 pins. Among the patients undergoing percutaneous treatment, the
mean duration of fixation was 26.13 days (SD 5.06). Among the 43
surgically treated fractures, there were 2 K-wire insertion patterns:
74.4% (32) followed a lateral pattern and 25.6% (11) a crossed
pattern.

The outcomes were analyzed clinically, radiological and clinical
score. Clinically, the joint balance was measured in flexion, extension,
pronation, and supination with the Flynn Scale. The radiological
outcome was based in the Baumann’s angle!” and the carrying angle.
Functional outcome was measured by the Flynn scale!®, which has
4 classifications, excellent, good, regular, bad. Because of our small
sample size, the results were stratified into good and poor.

As the sample does not follow a Gaussian distribution, we apply
nonparametric test. The Fisher test was used for the analysis of the
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Figure 2 Postoperative AP X-ray. Supracondylar fracture of the humerus
(Gartland type II) laterally approached with 2 K-wires.

Table 1 Range of motion. Two years after surgery.

Flexion Extension Pronation Supination
MEAN 126.05 -7.11 89.74 87.90
SD 10.54 19.82 1.62 12.98

Table 2 Significant differences were observed regarding the analysis
of the radiological results according to the pinning position (P=0.043),
although no clinical repercussions were observed.

K-Wire Pattern Mean Baumann Angle SD
Lateral 76.88 25.37
Crossed 80.86 12.01

Flynn classification because it is a qualitative variable. This test is
used in the analysis of contingency tables and when the sample sizes
are small. The Mann Whitney U test was used as a non-parametric
test for independent samples and quantitative variables.

RESULTS

Forty-five patients were included in the present study. According to
the Gartland classification, there were 14 Type II fractures (31.1%)
and 31 Type III fractures (68.9%). Regarding vascular or nerve injury
there were 2 cases of associated vascular lesions, 2 nerve lesions, and
1 vascular and nerve lesion (summing up 11.4% of the fractures).
Eight patients were lost during the analysis. The missing patients did
not return after the pins had been removed or answer our telephone
calls after 2 years of follow up.

K- wires were left in place for a mean time of 26.13 days (SD
5.06). The two-years results regarding range of motion are shown in
table 1.

No significant differences were observed in outcomes (measured
with Flynn’s classification) regarding the placement of 2 or 3 K-wires
(Table 2). The Flynn classification was available in 37 cases: 31
(84.2%) fractures had a good outcome and 6 (15.8%) a bad outcome
according to the Flynn criteria. Radiological position of 2 K-wires
can be seen in figure 2.

Table 2. Significant differences were observed regarding the
analysis of the radiological results according to the pinning position
(p = 0.043), although no clinical repercussions were observed.

The Fisher test yielded a non-significant P value of 0.622,
indicating that fixation with 2 pins does not result in a poorer outcome
than fixation with 3 pins. The protocol was considered to be properly
followed when a patient underwent surgical treatment and closed
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reduction was performed regardless of pin insertion. The protocol
was correctly implemented in 84.4% of cases. Less reinterventions
and better clinical outcomes were observed (p = 0.039). The
remaining 15.6 % could not follow the protocol because in these
patients 3 k-wire were used and the protocol only contemplates 2
k-wires. We analyzed whether K-wire positioning was related with
functional outcome or joint balance. Using the Fisher exact test (p =
0.603) and Mann Whitney U test (p > 0.05), we found no significant
relationship between K-wire positioning and function.

Analysis of the radiological results according to the pinning pattern
used is displaced in table 2, showing that the angle of Baumann was
more horizontal with crossed pinning than with lateral pinning (p =
0.043), producing cubitus varus (p = 0.603) but without functional
repercussions (p > 0.05).

DISCUSSION

The use of a surgical treatment protocol for displaced supracondylar
humerus fractures established by the POD resulted in a high
proportion (84.2%) of excellent and good results!®. It has been
reported that outcomes obtained with 2 K-wires are better than with
other techniques using more pins!”. We found that there were no
statistical differences in the clinical results of using 2 pins or 3, like
Abzug reported®.

Flynn popularized the technique of fixation with pins and
demonstrated the utility of this method. Current controversy lies
in the question of whether to use crossed or lateral pins. Zionts!”
reported that the use of 2 lateral pins results in less rotational stability
than one medial and one lateral (crossed pins), and concluded that in
displaced fractures the fixation with lateral pins requires less strength
than crossed pinning. Ladenhauf reported that that placement of a
medial pin carries the risk of iatrogenic ulnar nerve injury, whereas
lateral pinning carries an increased risk of median neuropathy.
Therefore, it is recommended to avoid medial pinning to prevent
ulnar nerve injury and stabilize the fracture with two or three lateral
pins. Today, the preferred treatment of displaced supracondylar
humerus fractures is immediate closed reduction and percutaneous
fixation. In case of instability of the medial column, a medial pin may
be used, but possibility of iatrogenic ulnar nerve injury should be
considered!?.

Pretell Mazzini!""! reported that regarding the functional outcome
show a high frequency of excellent results within the lateral and
medial approaches and a high frequency of good results within the
anterior approach. The most common reason for a failed reduction
is the proximal fragment’s buttonholing through the brachialis
muscle!’?. There is some evidence that fibrosis in the brachialis
muscle is the principal obstruction to the restoration of extension and
some authors have demonstrated no correlation between stiffness and
the type of surgical approach used, especially regarding the posterior
approach!"®, However, Gruber and Hudson !'¥ correlate motion
restriction with posterior incisions. In our protocol the preferred
approach is lateral pinning due to the reduced risk of nerve injury and
better biomechanical outcomes.

In the study of Eren ef all'! a total of 40 patients with type 3
of Gartland fractures were divided equally into lateral or medial
approach and authors did not find significant differences between
groups in terms of functional or cosmetic results and have reported
greater biomechanical stability with cross pinning, although lateral
pinning presents a lower associated risk of ulnar nerve injury.

The incidence of cubitus varus deformity in these fractures is
9% to 58%!'"l. The most common cause of cubitus varus is faulty
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consolidation of the distal humeral fragment rather than physial
closure.

The duration of K-wire fixation was 26.13 days. We propose
fixation of the fracture for only 21 days regardless the communition
of the fracture. The time increase is a result of the availability of the
operating rooms. Other authors, such as Shen et all'”), report longer
mean fixation times.

We use a technique involving fixation with 2 or 3 K-wires!'®)
instead of retrograde fixation, as some authors have proposed!'”.
As to the pinning pattern (crossed or lateral), we have found no
differences in functional outcome between these options, in line with
several authors®. Nonetheless, we mainly use the lateral pattern
because it carries a lower risk of injury to the ulnar nerve. Skaggs et
al” have also recommended lateral pinning. When using the crossed
pattern, we perform a mini-open technique, as it is performed by
other authors®"; to avoid ulnar nerve neurological complications.
Therefore, we do not use any type of electric instrumentation to
localize the ulnar nerve, as has been proposed by Wind ez al??.

Regarding open reduction, there were no poor functional outcomes
in our series, but the number of patients undergoing this surgery may
have been too small to detect statistically significant differences.
The type of approach was not analyzed in our patients; therefore, we
cannot compare this data with the results of other series, in which a
medial®, lateral, or anterior’®” approach is recommended. Nor did
we include in the analysis the time that passed between the accident
and the surgical intervention in the patients undergoing surgery.

The radiographic findings in open reduction showed
horizontalization of Baumann’s angle, a circumstance that might
generate problems regarding cubitus varus, although this would
not necessarily have clinical implications. Oh et al® found a
similar correlation between open reduction and horizontalization
of Baumann’s angle. The worse outcomes observed were within
the patients with open reduction as their fractures could not be
adequately resolved with closed reduction; which could explain the
poorer outcomes.

Treatment for these fractures is mainly based on closed reduction
and percutaneous K-wire fixation; in our study, only 8% required
treatment with open reduction. Following with our series, greater
displacement and older age were associated with a higher probability
of requiring open reduction.

CONCLUSION

In summary, fixation of supracondylar humerus fractures with only 2
K-wires is not associated with poorer results; hence, we recommend
fixation with 2 pins providing that the fracture is well stabilized.
Neither of the 2 pinning patterns (lateral or crossed) provides better
outcome. Thus we recommend the lateral pattern, which has a lower
associated risk of ulnar nerve injury. Crossed pinning is related to a
higher incidence of horizontalization of Baumann’s angle, which may
result in a greater incidence of cubitus varus, although this is unlikely
to have functional repercussions. In 85% of cases in our series the
functional results were good. We found no significant relationship
between the final functional outcome and age, side of the fracture,
sex, type of trauma causing the injury, type of fracture, and degree of
displacement, additional vascular or nerve injury, or treatment used.

Use of the treatment protocol established by our hospital has
yielded good functional results.

LIMITATIONS

First, ours is a single-center non-randomized and retrospective study.



Because of our small sample size, the results were stratified
into good and poor it could be a bias, this stratification is not very
discriminative or accurate.

Regarding open reduction, there were no poor functional outcomes
in our series, but the number of patients undergoing this surgery may
have been too small to detect statistically significant differences. The
radiographic findings in open reduction showed horizontalization
of Baumann’s angle, a circumstance that might generate problems
regarding cubitus varus, although the patients in the present study did
not present clinical implications.

Another limitation is the lack of a radiological comparison of
contralateral Baumann’s angle.
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