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ABSTRACT

Background: Pediatric supracondylar humeral fractures (PSHF) are most common elbow fractures among chil-
dren and adolescents. While there is substantial agreement on treating type 1 and type 3 fractures (con-
servatively and surgically, respectively), the debate on optimal treatment of Gartland type 2 fractures is still
open.

We wanted to review our cases, analyzing outcomes and seeking for parameters that could help surgeons
treating these injuries.
Methods: We retrospectively reviewed 41 patients treated with reduction and casting (group A) and matched to
38 patients treated with closed reduction and percutaneous pining (CRPP, group B) for Gartland type 2 fractures
between 2009 and 2013. At a mean follow-up of more than 6 years patients were analyzed by an accurate
clinical exam and evaluation scales. Radiographic parameters at time of cast or pins removal were studied too.
Results: There were no statistically significant differences in clinical exam and evaluation scales between groups.
Two patients in group A developed a cubitus varus deformity and one patient in group B had a superficial pin-
tract infection. Baumann angle (BA) was out of normal range in two cases of conservative group and anterior
humeral line (AHL) bisected capitellum in 42.1% of patients in group A and 73.2% in group B (p < .05).
Conclusion: It is reasonable to expect satisfactory outcomes both after conservative and surgical treatment of
type 2 fractures, if cornerstones of both treatments are applied. Parameters that should be focused are probably
two: complications (2 cases of cubitus varus in group A versus one superificial pin-tract infections in group B)
and the better trend in surgical group in regards to loss of flexion and hyperextension of the affected elbow,
likely related to the other notable datum, that is the percentage of cases in which AHL bisects capitellum. We
think that, in absence of vascolonervous lesions and important swelling, BA and AHL are the most important
parameters that can help us choosing the optimal treatment, as clarified in the algorithm we developed.
Level of evidence: Level III — retrospective comparative study.

1. Introduction

without posterior hinge disruption) and type 3 (complete displace-
ment).” Then Wilkins modified this classification dividing type 2 frac-

Supracondylar humeral fractures are most common elbow fractures
among children and adolescents, being about 85% of all elbow frac-
tures.”* Their incidence is about 177 cases per 100000 persons/year"
and frequently affect children between 4 and 9 years of age.'”* In
97-98% of cases extension type fractures are observed” and a correla-
tion between these injuries and the use of monkey bars and trampolines
has been recently described.”®

Gartland classification divides extension fractures in type 1 (no
displacement), type 2 (posterior displacement of the distal fragment

tures in 2A (posterior displacement only) and 2B (displacement plus
translation/rotation of the distal fragment).

While treatment of type 1 and type 3 fractures has substantial
agreement among orthopedic surgeons (conservative and surgical ap-
proach, respectively), the debate on optimal treatment of Gartland type
2 injuries is still open. Some authors advocate closed reduction and
percutaneous pinning (CRPP) of these fractures in order to better
maintain reduction, avoiding consolidation defects and subsequent
deformities,®'° and stating that the risk of developing decreased range
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of motion (ROM) and compartment syndrome is higher following
conservative treatment'’'?% other colleagues prefer reduction and
casting because they lead to satisfying clinical and radiologic results
without exposing patients to anesthetic and surgical risks.'""'? It has
furthermore been reported how operating on all type 2 fractures could
result in more than 70% of unnecessary surgery, suggesting that con-
servative treatment should be adopted at least as first line of therapy.'®

Wilkins modification has been often used to try to solve this di-
lemma, addressing type 2A to casting and type 2B to surgery; but many
doubts about the validity of this distinction have emerged, and several
authors report low rates of intra- and inter-observer agreement in dis-
tinguishing 2A and 2B'*'°; moreover, in Appropriate Use Criteria
(AUC) published by American Academy of Orthopaedic Surgeons
(AAOS) in 2015,° there is no mention of this distinction.

In this paper we want to report our experience in treating type 2
pediatric supracondylar humeral fractures (PSHF), comparing con-
servative versus surgical treatment, and eventually seeking for clinical
and radiological parameters that could help us choosing the best option
for our patients.

2. Materials and methods

We retrospectively reviewed 41 children conservatively treated
(reduction and plaster casting at 90-110° of flexion) for a Gartland type
2 PSHF at a large tertiary children's hospital between January 2009 and
December 2013 (Group A) and matched with 38 patients surgically
treated (2 or 3 lateral-entry divergent pins) with CRPP for the same
injury during the same period at an academic tertiary hospital, Italy
(Group B). Exclusion criteria were Gartland type 1 and 3 extension-type
fractures, flexion-type fractures, open fractures and age under 3 or over
12 years.

Clinical evaluation included ROM measurement (extension, flexion,
total arc of movement, pronation and supination) with a goniometer of
both injured and unaffected arm; hyperextension was indicated with
positive values, while negative values were used for lack of extension
recovery.’”” Then patients underwent evaluation scales such as the
Quick Disabilities of the Arm, Shoulder and Elbow (QuickDASH) and
the Mayo Elbow Performance Score (MEPS), and results were further-
more classified according to Flynn criteria, assessing range of motion
and clinical carrying angle.'®

After 5-7 days since cast application or CRPP patients have un-
dergone radiological exams and X-rays at the moment of cast or pins
removal (24 days, range 19-28 days for group A and 29 days, range
23-33 days for group B) have also been analyzed, measuring Baumann
angle (BA, normal values between 64° and 81°; Fig. 1)'° and observing
the anterior humeral line (AHL), which should bisect the capitellum in
sagittal view”?! (Fig. 2).

Student's t-test and x? have been used, and statistically significant
level has been set at 5% (p < .05).

3. Results

Mean age was 6.4 years (range 4-11 years) in group A and 5.2 years
(range 3-11 years) in group B; in group A there were 17 (44.3%) males
ant 21 (55.7%) females and the dominant arm was affected in 10
(27.6%) of cases. In group B there were 21 (52.4%) boys and 20
(47.6%) girls and dominant arm was injured in 15 (36.6%) patients
(Table 1).

Mean follow-up was 78 months (range 67-96 months) in con-
servative group and 75 months (range 64-100 months) in surgical
group. There were no lesions of vascular and nervous structures and no
compartment syndromes in both groups. In group B there was a pin
tract infection, successfully treated with oral antibiotic therapy
(Table 1).

At follow-up, mean elbow extension value in group A was 14.2°
(range 0°-23°), mean flexion of 136.6° (range 125°-150°) and a mean
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Fig. 1. X-ray in A-P view showing physiologic Baumann Angle.

Fig. 2. Elbow X-ray in lateral view. Note the anterior humeral line correctly
bisecting the capitellum.

total arch of movement of 150.1° (range 146°-160°); mean results in
surgical group were 11.4° (—5°-15°) of extension, 139.3° (range
130°-150°) of flexion and 151.7° (range 135°-160°) of total ROM.
Pronation and supination were 88.8° (range 80°-90°) and 89.4° (range
85°-90°) in group A and 89.3° (range 85°-90°) and 89.8° (range
85°-90°) in group B, respectively (Table 1).

QuickDASH mean scores were 2.2 (range 0-11.4) in conservative
group and 1.9 (range 0-9.1) in CRPP group, while MEPS mean results
were excellent in 100% of patients in both groups (Table 1).

Functional Flynn criteria (ROM) were excellent in 18 (47.4%), good
in 13 (34.2%), fair in 2 (5.3%) and poor in 5 (13.1%) patients in group
A and excellent in 20 (48.8%), good in 15 (36.6%), fair in 4 (9.7%) and
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Table 1
Demographic data and major outcomes of the work (* = p < .05).
Group A Group B
Age 6.4 years (4-11 years) 5.2 years (3-11 years)
Males/Females 44.3%/55.7% 52.4%/47.6%

27.6%/72.4%

78 months (67-96
months)

24 days (19-28 days)

36.6%/63.4%

75 months (64-100
months)

29 days (23-33days)

Dominant/Non Dominant
Clinical Follow-Up

Radiological Follow-Up

Neurovascular Lesions 0 0

Compartment Syndromes 0 0

Infections 0 1 (superficial pin-tract)
Cubitus Varus 2 0

Hyperextension 14.2° (0°-23°) 11.4° (-5-15%)
Flexion 136° (125°-150°) 139.3° (130°-150°)
Total ROM 150.1° (146°-160°) 151.7° (135°-160°)
Pronation 88.8° (80°-90°) 89.3° (85°-90°)
Supination 89.4° (85°-90°) 89.8° (85°-90°)
QuickDASH 2.2 (0-11.49) 1.9 (0-9.1)

MEPS 100% Excellent 100% Excellent

Functional Flynn (ROM) Excellent 47.4%;
Good 34.2%j;

Fair 5.3%; Poor 13.1%
Excellent 63.1%;
Good 21.1%j;

Fair 10.5%; Poor 5.3%
6.7° (—20°-18°)

73.1° (68°-87°)
42.1%

Excellent 48.8%; Good
36.6%;

Fair 9.7%; Poor 4.9%
Excellent 80.5%; Good
17.1%;

Fair 2.4%; Poor 0%
9.7° (5°-16°)

71.6° (70°-77°)

73.2%

Estetic Flynn (Clinical
Carrying Angle)

Clinical Carrying Angle
Baumann Angle
AHL Bisects Capitellum*

poor in 2 (4.9%) patients in group B; according to Flynn aesthetic cri-
teria (carrying angle), results were scheduled as excellent in 24 (63.1%)
cases, good in 8 (21.1%), fair in 4 (10.5%) and poor in 2 (5.3%), while
in group B there were 33 (80.5%) excellent, 7 (17.1%) good, 1 (2.4%)
fair and no (0%) poor outcomes. Two patients who reported poor re-
sults in group A developed a cubitus varus deformity. In particular,
mean clinical carrying angle values were 6.7° (range —20°-18°) in
group A and 9.7° (range 5°-16°) in group B (Table 1).

No clinical statistically significant values were arisen.

Radiological results showed an average Baumann angle of 73.1°
(range 68°-87°) in group A and 71.6° (range 70°-77°) in group B
(p > .05). In 2 cases BA was out of normal values range, and these
were the patients who developed cubitus varus deformity, both in-
cluded in nonsurgical group (Table 1).

Anterior humeral line bisected the capitellum in lateral view in 16
patients (42.1%) of conservative group and 30 (73.2%) patients be-
longing to surgical group (p < .05; Table 1).

4. Discussion

Gartland type 2 PSHF are between 10% and 25% of elbow fractures
region.>22-24 Moraleda et al.'” showed how natural history of this
pathology (with no attempt of reduction) leads up to 36.9% of un-
satisfying results according to authors' criteria, although the majority of
patients doesn't complain about functional outcomes obtained (93.5%
and 97.8% of satisfactory results at MEPS and QuickDASH, respec-
tively); in particular, comparing to the unaffected arm, a comparable
ROM has been detected, with only a mild flexion deficit and a slight
hyperextension, and cubitus varus incidence was 26%.

A total rate of about 1% of complications has been reported after
PSHF,? and these are: vascular and nervous lesions, compartment
syndromes, infections, loss of reduction and angular deformities onset.
The brachial artery is most frequently affected, as it can be damaged or
remain trapped between fracture fragments in about 0.5% of cases,*®
while nervous lesions (especially to anterior interosseous nerve, but
also to radial nerve and ulnar nerve) can occur up to 20% of patients;
radial nerve lesions regress often spontaneously in 3-6 months,?®?’
while ulnar nerve can be damaged in case of a medially inserted
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pin28,29.

Mapes et al.”” described how, under Doppler control, radial pulse in
PSHF disappears at a mean of 128° (range 120°-130°) of elbow flexion,
discouraging immobilization to more than 120° of flexion, when non-
surgical treatment is pursued, in order to avoid potential risk of de-
veloping a compartment syndrome, whose onset is estimated between
0.1% and 0.3%.2%>" Skaggs et al.>* pointed out how in case of ecchy-
mosis and severe swelling, even with a preserved radial pulse and a
good capillary refill, attention must be paid to the possible appearance
of compartment syndrome, especially if a median nerve lesion is asso-
ciated to the fracture.”® Bae et al.> reported however very good results
when performing fasciotomy within 30.5h from the injury.

An article published in 2013** highlighted how Gartland type 2
fractures that require reduction to obtain satisfactory alignment have
up to 48% of chence of losing reduction without pinning. In case of
treatment with CRPP, conversely, Pennock et al.>® emphasized the
importance of inter-pin distance in maintaining reduction, stating that
it should be at least of 13 mm or equal to 1/3 of the humerus width at
fracture site.

In our patient sample there were no vascular and nervous lesion, as
well as no compartment syndrome and no loss of reduction. Probably,
excluding type 3 fractures, immobilizing arms between 95° and 110° of
elbow flexion and inserting properly divergent lateral pins have con-
tributed to this outcome.

Little data exist about infections incidence after percutaneous pin-
ning, but rates up to 2.5% of superficial'>** and around 0.2% of deep>®
pin tract infections have been reported. In our series we detected a
single case (2.4%) of superficial pin site infection, successfully treated
with oral antibiotics.

As said, unreduced type 2 PSHF can lead up to 26% of cubitus varus
deformity, while in literature this percentage after treatment is stated to
be between 0% and 5.9%'”; even though this deformity was basically
considered as an aesthetic problem, more recently it has been emerged
to be linked to chronic pain25, ulnar neuropathy,*” late postero-lateral
instability®® and augmented risk of lateral condyle fracture.>® A cor-
relation exists between Baumann angle and varus deformity (carrying
angle deviation in varus of more than 10° comparing to the unaffected
side) and, in fact, in our study two patients (5.3%) who developed this
angular deformity, both in conservative group, are the patients whom
BA are out of normal range values. Flynn criteria in these cases resulted
unsatisfactory from the point of view of both cosmetics and ROM,
however QuickDASH and MEPS showed only slight or mild functional
deficit.

The treatment of PSHF should aim to obtain a good reduction, avoid
displacement until bone healing and prevent complications. The op-
timal treatment for Gartland type 2 fractures has been historically
widely debated. In 1991 Ippolito and Perugia®’ reported good results
with trans-olecranic traction and casting; more recently Parikh et al.*!
and Spencer et al.** showed how closed reduction and casting is a safe
and effective treatment, as well as other authors’® stated that pinning
all type 2 fractures would result in 77% of unnecessary surgery.

In an epidemiological study published in 2016 Sinikumpu et al.**
enlightened that surgical treatment of these injuries is raised from 5.9%
in 2000-2001 to 37% in 2008-2009. Skaggs et al.'* reported very sa-
tisfactory results treating with CRPP 189 patients, with no loss of re-
duction, ROM limitations and angular deformity onset; they just found
4 cases (2.1%) of superficial pin-site infection treated with oral anti-
biotics with no sequelae. Furthermore, AAOS AUC'® and guidelines™
suggest CRPP as the treatment of choice for Gartland type 2 fractures.

In our study no statistically significant differences emerged con-
cerning clinical examination and Flynn criteria and functional scores
reported widely satisfactory results in both groups. Parameters that
should be focused are probably two: complications (2 cases of cubitus
varus in group A versus one superificial pin-tract infections in group B)
and the better trend in surgical group in regards to loss of flexion and
hyperextension of the affected elbow, likely related to the other notable
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Gartland Type 2 PSHF

(with no neurovascular compromission)

/\

- AHL in anterior third or anteriorly
tangent to capitellum and

- BA <80° and

- no evident rotational deformities

v
closed reduction and casting in
90°-100° of flexion and neutral
forearm rotation and a well
molded cast posteriorly to the

olecranum

- AHL anterior to capitellum and/or
- BA > 80° and/or
- evident rotational deformities

1 week X-ray control:
AHL bisects capitellum

1 week X-ray control:
AHL in anterior third of
or anterior to capitellum

Y

CONSERVATIVE TREATMENT

SURGICAL TREATMENT

Fig. 3. Algorithm showing our decision process in treating Gartland type 2 PSHF.

datum, that is the percentage of cases in which AHL bisects the capi-
tellum (42.1% in group A and 73.2% in group B, p < .05).

What is tremendously important is to set parameters which can lead
surgeons choosing the most suitable treatment. Gartland's classification
Wilkins modification*” initially seemed to solve this problem, but then
some intra- and inter-observer agreement troubles arose'*'® and fur-
thermore, as said, there is no mention of 2A and 2B distinction neither
in AAOS guidelines nor in AUC. Aronson and Prager*® proposed a
distinction based on BA values (more or less than 5° compared to the
unaffected side); in another paper Kao et al.>! gave a lot of importance
to the AHL, which should bisect the capitellum in patients elder than
2.5 years*®: if this happens there should be less probability of devel-
oping elbow hyperextension and flexion limitations (and our study
outcomes seems to be in agreement with this). We agree with these
authors thinking that AHL and BA are the most important parameters
that surgeons have to consider in order to pursue right treatment. For
this reason we developed an algorithm of treatment summarizing what
we think could be a reliable decision process (Fig. 3). If, in absence of
evident rotational deformities, at time of fracture the AHL prolongation
falls in the anterior third or is anteriorly tangent to the capitellum and
there is a BA of less than 80°, a closed reduction and casting in 90-100°
of elbow flexion and neutral forearm rotation with a well molded cast
posteriorly to the olecranum should be pursued; at the first week X-ray
control, if in lateral view AHL bisects the capitellum, conservative
treatment can be continued, otherwise a surgical approach is to be
chosen. As such, CRPP should be preferred if, at time of fracture, AHL is
anterior to the capitellum and/or BA is more than 80° and/or there are
evident rotational deformities.

Our study has certainly some limitations. It is a retrospective study,
patient sample is relatively small, X-rays have been evaluated only at
time of cast or pins removal and no long-term follow-up data are
available.

5. Conclusion

Despite there are few studies comparing treatment options in
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Gartland type 2 fractures, we can find several papers stating that sa-
tisfactory outcomes should be expected with both conservative and
surgical approach. And this is true, as these fractures include a wide
spectrum of lesions that can be successfully treated both conservatively
and surgically, as long as correct treatment criteria are known and
applied.

We think that the two most important radiographic findings that can
help surgeons assessing a satisfactory reduction and pursuing best
treatment option, in association with evident angular and rotational
deformities, are anterior humeral line and Baumann angle.

Further long-term and possibly prospective randomized studies
comparing casting and surgery are needed in order to better define the
best treatment option for Gartland type 2 pediatric supracondylar
humeral fractures.
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