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Abstract The aim of our study was to review the litera-
ture looking for the up to date information regarding these
controversial topics. An electronic literature search was
performed using the Medline/PubMed database. A closed
reduction attempt should always be done first. It is more
important to engage both columns as well as divergence of
the pins no matter whatever configuration is applied. Time
to surgery seems to be not an important factor to increase
the risk of complications as well as open reduction rate.
Usually neurological injuries present a spontaneous
recovery. If there is absent pulse, we should follow the
algorithm associated with the perfusion of the hand.

Keywords Closed reduction - Pin configuration -
Vascular injury - Supracondylar humerus fracture -
Children

Introduction

Supracondylar humerus fractures (SCHF) are common
pediatric injuries [1-5] representing about 3% of all frac-
tures [5, 6], being the most common elbow fractures in
children [7, 8].

The mean age ranges between 5 and 7 years old, rep-
resenting the most frequent fracture in children under
8 years of age [1, 9, 10]. Boys have had a higher incidence
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of this type of fracture, but the difference in comparison
with girls seems to be equalizing, and higher rates in girls
have actually been reported in some series [7].

The mechanism is usually due to a fall onto outstretched
hand with the elbow in full extension (97-99% of cases),
the olecranon engages the olecranon fossa and acts as a
fulcrum, while the anterior aspect of the capsule provides a
tensile force on the distal part of the humerus proximal to
its insertion [7].

These fractures are classified using the modified Gartland
classification [11], and most of them are of extension type [5].

Displaced SCHF are challenging injuries to treat [5, 12,
13] and entail technically difficult procedures for ortho-
pedics surgeons [9]. There remains controversy in the lit-
erature with regards to some topics in the definitive
management of these types of fractures [14, 15].

These topics could be grouped into: method of reduction
(open vs. closed), constructs for stabilization of the frac-
tures and impact of time to surgery in complications. The
aim of our study is to review the literature looking for the
up to date information regarding these topics.

Materials and methods

An electronic review of the literature was performed to
identify publications dealing with those controversial top-
ics. Pubmed/Medline database was used and only English
language articles were included.

As a result, we found seven (7) articles (Table 1) deal-
ing with the comparison between these two types of tech-
niques. There were three (3) articles [1, 2, 9] in which the
comparison was done between closed reduction and pri-
mary open reduction (no closed reduction attempt per-
formed) and in the other four (4) articles [3, 4, 6, 13], it was
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with a secondary open reduction (open reduction after
closed reduction attempts).

Biomechanical as well as clinical studies (Table 2) were
found dealing with pin configurations used for stabilization
of these fractures. The main biomechanical studies were
the ones performed by Zionts et al. [16], Lee et al. [17] and
Larson et al. [18]. Clinical studies such as the ones con-
ducted by Foead et al. [19], Kocher et al. [20], Tripuraneni
et al. [21], Eberhardt et al. [22] and Slongo et al. [23] were
also included.

There were five (05) retrospective studies [24-28]
regarding the impact of time to surgery in complications
(Table 3). The cutoff time used was between 8 and 12 h.

Due to the heterogeneous nature of the articles dealing
with the method of reduction as well as the construct for
stabilization and the low level of evidence; we feel that it
will be not accurate to perform a statistical analysis of the
retrieved data.

However, the articles dealing with the impact of time to
surgery in complications have a more homogenous behav-
ior. The main outcome parameters were well described with
enough data to perform statistical analysis.

Articles were also classified according to their level of
evidence following the grading system proposed by
Sackett [29]. There are five levels of evidence: level I
(systematic reviews of level I studies, randomised trial,
meta-analysis); level II (prospective cohort studies, sys-
tematic review of level II studies); level III (case control
studies, retrospective cohort study, systematic review of

level III studies); level IV (case series) and level V
(expert opinion).

Statistical analysis

A meta-analysis was performed using the fixed-effects
model in the meta-statistical package in STATA v.10.0
(Stata Corp., College Station, Texas) because heterogeneity
was measured by means of I* statistic proposed by Higgins
and Thompson [30]. Combined odds ratio (OR) was
weighted by the inverse variance; Mantel-Haenszel esti-
mates were calculated across individual studies.

Results

Twenty articles were identified after our searches and used
in the analysis [1-4, 6, 9, 13, 16-28].

Method of reduction

The studies included were level III of evidence [1, 3, 4, 6, 9,
13] except one [2] that was a level I. When an open approach
was performed, several different approaches were used
including: anterior, posterior, lateral and medial/lateral.
Different pin configurations were also used, adding more
heterogeneity to the studies (Table 4). Age and gender were
well matched between the closed and open reduction groups
within the different studies included (Table 1).

Table 1 Demographics of study articles retrieved and reviewed regarding closed versus open reduction

Author Year LOE #patients Approach Age Gender
Kazimoglu C et al* 2009 III CR: 43/0OR:37 Lateral CR: 6.5 years (2-12) CR: 29M-14F
OR: 5.9 years (2-12) OR: 26M-11F
Aktekin CN et al® 2008 1III CR: 32/0OR:23 Posterior CR: 8.1 years (3—14) CR: 20M-12F
OR: 8.3 years (5-12) OR: 17M-6F
Ozkoc G et al® 2004 III CR: 55/0R:44  Posterior CR: 7.6 years (4-14) CR: 30M-25F
OR: 10.7 years (3-15) OR: 25M-19F
Oh CW et al 2003 I CR: 21/0OR:14  Anterior CR: 6.7 years (2-12) CR: N/A
OR: 6.1 years (3—11) OR: N/A
Kaewpornsawan K et al* 2001 1 CR: 14/0OR:14 Lateral CR: 7.9 years (5-11) CR: 8M-6F
OR: 6.8 years (4.2-9.4) OR: 11M-3F
Aronson DC et al® 1993 1III CR: 35/0R:11 Anterior CR + OR: 7 years (3—-13) CR + OR: 23M-23F
Cramer KE et al® 1992 1II CR: 15/0R:14 M + L: 12px/L: 1 px/P: 1 px. CR: 5.4 years (2-8) CR: 4M-11F
OR: 6.2 years (2-11) OR: 5SM-9F

CR closed reduction, OR open reduction, N/A not data available
Approaches: M medial, L lateral, P posterior

? Articles describing a comparison between a primary closed reduction attempt and a primary open reduction attempt

® Articles describing a comparison between a primary closed reduction attempt and a secondary open reduction attempt
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Table 2 Demographics of clinical study articles retrieved and reviewed regarding pin configurations

Author Year #Patients Constructs LOE
Tripuraneni et al. 2002 40 1L-1M (20 px) versus 2L or 3L (20 px) I
Foead et al. 2004 55 1L-1M (33 px) versus 2L (32 px) 1
Kocher et al. 2007 52 1L-1M (24 px) versus 2L (28 px) I
Ebenhardt et al.* 2007 83 2 cross lateral pins (69 px) versus 1L-1M (14 px) 111
Slongo et al. 2008 31 External Fixation (31 px) v

1L-1M traditional cross-pin configuration (1 lateral pin and 1 medial pin), 2L or 3L two or three lateral pins, LOE level of evidence

% A cross-pin configuration was used with a lateral approach

Table 3 Demographics of study articles retrieved and reviewed
regarding effect of timing to surgery in complications

Author Year #Patients Cutoff time LOE
(hours)

Iyengar et al. 1999 E:23/D:35 8 v

Mehlman et al. 2001 E:52/D:146 8 v

Leet et al.? 2002 158 pt N/A v

Gupta et al. 2004 E:50/D:100 12 v

Walmsley et al. 2006 E:126/D:45 8 v

LOE level of evidence, E early group (before cutoff time), D delay
group (after cutoff time)

% No cutoff time was used; a correlation coefficient was made

The outcome was assessed by Flynn’s criteria [31]
(Table 4). There was not a significant statistical difference
found (P > 0.05) except in the ones dealing with a pos-
terior approach [1, 6] in which a better functional as well as
cosmetic results were found within the closed reduction
group (P < 0.05) [1, 6].

Time to union, ROM restriction, nerve injury, Baumann’s
angle difference and varus deformity were also assessed
(Table 4). Aktekin et al. [6] found a statistically significant
difference (P = 0.01) with regards to the time of union, being
shorter in the closed reduction group (5.7 weeks vs.
7 weeks). ROM restriction was also statistically significantly
lower (P = 0.03) within the closed reduction group (3.8° vs.
12.3°); however, Kaewpornsawan et al. [2] didn’t find any
statistically significant difference. Five patients were found to
have a transient ulnar nerve injury [1, 3]; however, Cramer
etal. [4] didn’t find any iatrogenic nerve injury in their series.
With regards to the Baumann’s angle difference, a significant
statistically difference was not found [2, 13] (P > 0.05;
Table 4). Aronson et al. [3] found a varus deformity in 5/35
patients within the CR group and 1/11 within the OR group
with no significant statistically difference.

Pin configurations

Three biomechanical studies were found [16-18]; they
reported different results regarding rotational stability and

torsional rigidity. Zionts et al. [16] found that the greatest
resistance to rotation was achieved through a medial—
lateral cross-pinning configuration. On the other hand,
Larson et al. [18] reported that three lateral pins con-
figuration was equivalent to a cross-pin construct.
Finally, Lee et al. [17] found the same torsional rigidity
with a two lateral pin configuration or a cross-pinning
construct.

There were two level I clinical studies included [19, 20],
one level II [21], one level III [22] and one level IV [23].
Different constructs were used (traditional cross-pin con-
figuration, two lateral pins, two lateral cross-pins and
external fixator; Table 2). The outcome was assessed by
Flynn’s criteria, Baumann’s angle and nerve injury
(Table 5).

With regards to the Flynn’s criteria, there was hetero-
geneity within the subcategories assessed. The functional
subcategory was assessed in one article [21] and both
categories in the remaining ones, but a global result was
reported with no details regarding the distribution of
patients according to the type of construct and outcome.
The types of constructs compared were different. In three
articles [19-21], a traditional cross-pin configuration was
compared with a two lateral construct; a lateral cross-pin-
ning configuration was compared with the traditional one
[22] and in the remaining one an isolated external fixator
without comparison was used [23]. Baumann’s angle val-
ues were available in only three articles [19-21]. They
were expressed either as an absolute value or [21] like a
loss of angle [19, 20].

According to Flynn’s criteria, regardless of the type of
pin configuration used for stabilization of a displaced
SCHF; there was not a statistically significant difference
found (P > 0.05). The Baumann’s angle as well as the
Baumann’s angle loss were not statistically different as
described by Tripuraneni et al. [21] (P > 0.75), Foead et al.
[19] (P > 0.74) and Kocher et al. [20] (P > 0.6), respec-
tively. Nerve injury was described in ten patients [19, 21].
In 80% of those cases, a traditional cross-pinning config-
uration was performed with no statistically significant
difference (P > 0.05 and P > 0.42, respectively).
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Table 4 Outcome of study articles retrieved and reviewed regarding closed versus open reduction

Author Year Approach Pin configuration Flynn’s criteria Outcome other than Flynn’s
criteria
Kazimoglu et al. 2009 Lateral 2L: 11/1L-1M: Not statistically significant Outcomes of closed reduction
112L-1M: 15 difference (P > 0.05) showed no superiority over open
reduction
Aktekin et al. 2008 Posterior IL-1M: 55 Better functional and cosmetic Time to union: CR (5.7 weeks)—
results into the closed reduction OR (7 weeks) (P = 0.01). ROM
group (P < 0.05) restriction: CR (3.8°)-OR (12.3°)
(P =0.03)
Ozkoc et al. 2004 Posterior 1L-1M: 99 Functional: CR (95% Two transient ulnar nerve injury in
satisfactory)-OR (71% each group
satisfactory) (P < 0.05)
Cosmetic: CR-OR (95%
satisfactory) (P > 0.05)
Oh et al. 2003 Anterior 2L or 3L: 30/1L- Satisfactory results in both Baumann’s angle difference: CR
IM: 5 groups (P > 0.05) (8.7°)-OR (6.6°) (P > 0.05)
Kaewpornsawan 2001 Lateral 2L—-1M: 28 CR: 100% excellent or good Higher satisfaction score within
et al. results. OR: 93% excellent or CR group/No differences in
good results (P > 0.05) ROM and Baumann’s angle
Aronson et al. 1993  Anterior 1L-1M: 46 Similar functional and cosmetic Varus deformity: CR (5/35)-OR
results (P > 0.05) (1/11). One transient ulnar nerve
injury in the CR group
Cramer et al. 1992 M + L: 12px/L:1 ~ N/A CR: 93.3% excellent or good No iatrogenic nerve injury

px/P: 1 px.

results. OR: 85.71% excellent or

good results (P > 0.05)

CR closed reduction, OR open reduction, N/A not data available
Approaches: M medial, L lateral, P posterior

2L two lateral, /L-1M cross-pin, 2L-IM two lateral and one cross-medial, 3L three lateral

Table 5 Outcome of clinical study articles retrieved and reviewed regarding pin configurations

Author Year Flynn’s criteria Baumann’s angle Nerve injury Statistical analysis®
Tripuraneni 2002 1L-1M: 116°/2L: 117° 1L-1M: 70.4° versus 1L—1M: 1 versus ROM: P > 0.25; Baumann’s angle:
et al.* 2L: 71° 2L: 0 P > 0.75; Nerve injury: P > 0.05
Foead et al. 2004 1L-1M: 89% excellent—good Angle loss: 1L-1M:  1L-IM: 7 versus Flynn’s criteria: P > 0.05; Baumann’s
results. 2L: 89% excellent-good 6° versus 2L: 5.3° 2L: 2 angle: P > 0.74; Nerve injury:
results P> 0.42
Kocher 2007 1L~1IM: 96% excellent—good Angle loss: 1L-1M: 0 Flynn’s criteria: P > 0.05 Baumann’s
et al. results. 2L: 96% excellent-good 5.4° versus 2L: 5.8° angle: P > 0.6
results
Ebenhardt 2007 2L (cross-pins): 92% excellent-good N/A 0 Flynn’s criteria: P > 0.05
et al. results
Slongo et al. 2008 External fixator: 96% excellent— N/A 0 N/A

good results

Pin configuration: /L-1M traditional cross-pin configuration (1 lateral pin and 1 medial pin), 2L or 3L two or three lateral pins

? Functional outcome was reported based on range of elbow motion

® P < 0.05: Difference statistically significant

Impact of time to surgery in complications

All the articles included were level IV of evidence [24-28].
A total of 735 patients were included and classified
according to the time to surgery (early treatment: 251;
delay treatment: 326). The study performed by Leet et al.
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[26] was not included because a cutoff time was not used,
instead, a correlation coefficient was calculated (Table 3).
The cutoff time values used were 8/12 h.

The need for an open reduction and neurovascular injury rate

were used as outcome parameters. All the articles provided this
data[24, 25,27, 28] except the one conducted by Leet et al. [26].
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Open reduction rate

For this analysis, three articles were included [24, 25, 28]
with a total of 427 patients divided into two groups
according to the time to surgery with a cutoff time of 8 h:
early treatment (201 patients) versus delay treatment (226
patients). Articles were homogenous (P = 0.791) and an
OR: 0.56 with a 95% confidential interval not statistically
significant (Fig. 1a). Leet et al. [26] didn’t find any cor-
relation between an increased time from injury to surgical
intervention and poor results. Gupta et al. [27] found a
tendency of a higher rate of open reduction needed in
patients with treatment after 12 h from injury (early
treatment: 0% vs. delay treatment: 6%), however, this
difference was not statistically significant.

Neurovascular injury

Two articles were included for final statistical analysis
[25, 28] with a total of 364 patients divided according to

Fig. 1 Forest plot of early A
versus delayed time to surgery
in complications (open
reduction and nerve injury
rates). I? was used to assess
heterogeneity among the studies
included in the analysis with a
P < 0.05 being statistically
significant. Odds ratios (OR)
were also used with a 95%
confidential interval. a Forest
plot of early versus delayed time
to surgery in open reduction
rate. There were no
heterogeneity among the studies
included with a P = 0.791

(P > 0.05) and an OR = 0.56

author

lyengar et al

Mehiman et al

Walmsley et al

time to surgery with a cutoff time of 8 h in two groups:
early treatment (173 patients) versus delay treatment (191
patients). Articles were homogeneous (P = 0.892) and an
OR: 3.39 with a 95% confidential interval not statistically
significant (Fig. 1b). Iyengar et al. [24] reported a 3% rate
within the delay treatment group (P > 0.05). On the other
hand, Gupta et al. [27] found a 3% rate within the early
treatment group without statistically significant difference.

Discussion

Pediatric SCHF are very common injuries that all ortho-
paedic surgeons will probably encounter at some point in
the emergency department; these fractures can be one of
the most difficult to treat, it is the means by which this can
be reliably and safely achieved that has caused some
controversy.

The preferred approach on the management of displaced
pediatric SCHF is closed reduction and percutaneous
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pinning [14, 32, 33]; however, this technique requires
experience and it is not free of complications or incomplete
success.

Inadequate reduction in the coronal plane could produce
deformities such as cubitus varus. Functional losses could
be due to malrotation, angulation, or translation in the
sagittal plane [28]. In this sense, that due to these potential
issues, open reduction and pinning gain a place within the
treatment of these fractures.

There are several studies regarding the method of
reduction used (Table 1), being important to bear in mind
their heterogeneity because doing so, a comparison directly
with a primary open reduction could show us a better view
of its real effect on outcome and complications due to the
avoidance of potential fractures with more difficult patterns
[1, 9]. There were no significant statistically differences
among the studies included according to Flynn’s criteria;
except when a posterior approach was used regardless of an
open reduction was performed in a primary or secondary
fashion. The findings reported by Aktekin et al. [6] as well
as Ozkoc et al. [1], could be explained based on the fact
that, through a posterior approach; anterior structures such
as the brachialis muscle as well as neurovascular structures
could not be achieved and the effect of a retracted scar
localized posteriorly could decrease the range of motion
[5, 6]. Time to union seems to be faster when a closed
reduction is performed [6] (Table 4); this could be
explained by not disrupting the fracture hematoma; how-
ever, this fact is not supported by other studies. Neurologic
injury is another complication that should be taken into
account; there were only five patients reported with an
ulnar nerve injury (CR:3; OR:2), we think this is not an
important difference in addition to the fact that in 86—100%
of cases the recovery is spontaneous, even though, this
could happen some months after injury [34].

Our recommendation based on the findings presented
within these articles, is that unless a specific indication for
open reduction is present, we should always do a closed
reduction attempt first. If a satisfactory reduction has not
been achieved with closed reduction, an open reduction and
pinning technique should be performed [5].

Pin constructs used for stabilization of these fractures
are under debate because, even though, an anatomical
reduction is achieved; due to the width of the distal
humerus that ranges between 2 and 3 mm, a rotational
stable construct is difficult to perform.

Outcomes between biomechanical studies [16—18] and
clinical studies [19-23] are not comparable due to the
different parameters used. Biomechanical studies studied
torsional rigidity as well as rotational stability and their
results not necessarily had a clinical correlation.

Three articles made a comparison between a medial—
lateral construct and two lateral configuration [19-21]

@ Springer

regarding Flynn’s criteria. There was not a difference in
functional as well as cosmetic subcategories, with 89-96%
of excellent-good results. Ebenhardt et al. [22] recently has
proposed a different construct characterized by a cross-pin
configuration through a lateral approach with 92% of
excellent-good results. We think this is an interesting
alternative to avoid iatrogenic nerve injury. Slongo et al.
[23] described the usage of a lateral external fixator to
stabilize SCHF. Their results were excellent or good in all
cases except one. This is based on the compression of the
lateral column, which would secondarily prevent medial
column collapse. This could be a safe alternative for some
difficult unstable Gartland type III SCHF.

The difference in the absolute value of the Baumann’s
angle as well as the angle loss is not statistically significant
regardless the pin configuration used for stabilization. This
could be explained because this is more related to the
accuracy of reduction than the pin configuration [35].

A iatrogenic neurological injury rate between 2 and 6%
has been reported [36-38] being the ulnar nerve the most
frequently nerve affected due to the usage of medial
K-wires. This finding has made the cross-pinning con-
figuration a less popular construct among some orthopedic
surgeons. Among the studies that compared a cross-pin
configuration with a two lateral pin construct [19-21],
there was not a statistically significant difference found.
To avoid nerve injury during a medial pin insertion, we
recommend to identify the ulnar nerve through a small
incision. With a two lateral pin construct, nerve injury
could be explained by a hyperflexion of the elbow during
the procedure so we should be aware of this to prevent
this issue. We think this should not be an issue when
choosing a construct for stabilization of these types of
fractures.

The effect of time to surgery of a displaced SCHF in
complications is a controversial topic. Classically, a dis-
placed SCHF should be reduced and pinned emergently,
but some authors think that can be treated in a delayed
fashion without the risk of increasing complications.

Arguments for early surgical treatment include easy of
fracture reduction, and decrease in neurovascular compli-
cations, ischemic contracture, angular deformity and elbow
stiffness. Disadvantages to reducing fractures emergently
include fatigue of the physician during the night, as well as
the experience of the surgeon in charge that may be a
general orthopedic surgeon.

Open reduction needed and iatrogenic neurological
injury were assessed through the articles included.
According to our findings, delay to surgery doesn’t
increase open reduction probability (OR: 0.59), as observed
by other authors [24-27], however, if a significant swelling
at presentation and delay in fracture reduction is present,
these could be an important warning signs for the
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development of a compartment syndrome [36] with its
devastating consequences if not treated on time. On the
other hand, in one of the articles included [28], a statisti-
cally significant difference was found in favor of an
increase rate of open reduction when a delay in surgery was
present (E/11% vs. D: 33%; P > 0.05). We think that if
there are no signs of a possible complication such as
compartment syndrome or a vascular issue (pulseless
supracondylar humerus fracture), a delay in the definitive
treatment could be assumed if there are not the adequate
conditions for surgery.

There is a tendency of an increased probability with an
early time to surgery (OR: 3.39) to develop an iatrogenic
neurological injury, however, this finding is not statistically
significant. We think this is more related with the type of
pin configuration used for stabilization as well as the soft
tissue status that could made more difficult to identify the
ulnar nerve.

Limitations within our study must be acknowledged. The
majority of articles were heterogeneous with regard to their
outcomes; however, we feel that some recommendations
could be made. We have to take into account that fractures
treated under a secondary open reduction attempt could be
more serious than the ones treated with a closed reduction
attempt, this should be bear in mind when interpreting the
results regarding closed versus open reduction methods.
When interpreting results of pin configuration articles, we
have to consider the different outcomes assessed within the
biomechanical as well as the clinical studies and bear in
mind the different levels of evidence.

Conclusions

Based on our findings, some recommendations can be
done:

1. Anatomic reduction is one of the aims in the manage-
ment of displaced SCHF, is in this sense that, unless a
specific indication for open reduction is present, a
closed reduction attempt should always be done first. If
it fails, then an open reduction could be performed.

2. There is no difference in clinical studies between
different constructs used for stabilization of these
fractures. We think that it is more important to engage
both columns as well as divergence of the pins no
matter whatever configuration is applied.

3. The new methods for stabilization are promising but
suitable only in specific cases. We emphasize the idea
of following the principles mention above for obtain-
ing a stable construct.

4. There is a tendency in the literature that in children
without progressive neurological deficits and vascular

compromise, the time to surgery is not an important
factor to increase the risk of complications as well as
open reduction rate. We think that under these
circumstances, surgery should be done with the best
conditions for the patient and the surgeon no matter if
some delay occurs.

5. In the majority of cases, neurological injuries present a
spontaneous recovery.
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