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Abstract

Purpose The appropriate management of supracondylar
humerus fractures in children is frequently delayed due to
various factors, and there is still no agreement on the
treatment of choice. The purpose of this study was to
evaluate the effects of delayed treatment of displaced
supracondylar humerus fractures on the treatment results
and complication rate.

Methods A total of 31 children with supracondylar
humerus fractures who had not received adequate treatment
for their displaced fractures were included in this study.
The conditions leading to delayed treatment mainly
included severe swelling or skin problems around the
elbow and the health facility problems unique to our
district. The mean delaying time was 6 days (range
2-19 days). There were 24 males and 7 females with a
mean age of 7 years (range 1-13 years). The fractures were
classified as type III-A (n = 15; 48%) and type III-B
(n = 16; 52%) according to Gartland. Surgical treatment
consisting of sentiment manual reduction through a
medial approach and percutaneous cross-pinning was
applied to all. No image intensifier was used during the
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procedures. A long-arm splint was used for post-operative
immobilization.

Results The average hospital stay was 2 days (range
1-3 day) and the patients were followed clinically and
radiographically for an average of 4 years (range
2-11 years). Pins were removed at the end of the third
week post-operatively, at which time the range of motion
exercises were begun. None of the patients required
physical therapy and full functional recovery was achieved
within 3 months in 29 (93.5%) patients and within
5 months in the remaining 2 (6.5%). Two (6.5%) pre-
operative nerve injuries (1 interosseous, 1 ulnar) were
resolved spontaneously within 3 months post-operatively.
At the final follow-up, 7 (22.5%) patients had cubitus varus
deformity. Except for 2 (6.5%) pin-tract infections, which
were resolved by oral antibiotics and pin removal, none of
the patients had early or late complications, not even
neurological deficit or myositis ossificans.

Conclusions Delayed presentation of displaced supra-
condylar humerus fractures in children did not increase
complication rates or unsatisfactory results following an
open reduction. Medial approach and cross-pinning is an
effective and reliable treatment method for these fractures.

Keywords Children - Supracondylar humerus fractures -
Delayed treatment - Open reduction - Complications

Introduction

Supracondylar humeral fractures are usually treated as an
emergency—urgency manner in children. Over the past
several decades there has been a shift from nonoperative
management to surgical stabilization for these fractures.
The rationale offered to justify such emergent treatment
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has traditionally been to minimize swelling in an effort to
decrease the risk of perioperative complications—such as
compartment syndrome, infection and nerve injuries—and
to reduce the likelihood that a conversion to an open
reduction will be needed [1-3]. However, some authors
have found no significant difference between early and
delayed treatment of supracondylar humeral fractures in
children with regard to perioperative complications and the
need for open reduction [4, 5].

Severe swelling or skin problems around the elbow are
the universally accepted conditions that delay a surgical
intervention following a supracondylar humeral fracture in
children. In developing countries, problems relating to the
disorganized health insurance system and some traditional
incorrect interventions (by some non-doctor personnel)
unique to that specific country can also significantly
influence the time interval between the injury and the
definitive treatment. Under these circumstances, the man-
agement of a late-presented supracondylar humerus
fracture becomes an inevitable obligation for the ortho-
pedic surgeon.

Closed reduction with percutaneous crossed K-wires has
gained support as the preferred method of treatment for
supracondylar humerus fractures in children [1, 6-9]. If
attempts at closed reduction fail, then open reduction of the
fracture followed by cross-pinning should be considered.
Open reduction may also frequently be required in late-
presented supracondylar humeral fractures. The purpose of
this study was to present the long-term results of patients
who underwent delayed surgery for their supracondylar
humerus fractures by means of the open medial approach.

Materials and methods

The patient database at the Ministry of Health Goztepe
Training and Research Hospital Orthopaedic Clinics was
searched for the time period January 1992 to February
2005 for patients who had undergone surgery for supra-
condylar humerus fractures. Hospital records and
radiographs were reviewed and only those patients who had
delayed treatment for a type-III supracondylar fracture, as
defined by the lack of cortical contact between the proxi-
mal and distal fragments, were included in the study.
Exclusion criteria were an age of greater than 18 years,
open fracture, nondisplaced fracture, metabolic bone dis-
ease, a dysvascular extremity and ipsilateral upper-
extremity fracture.

There were 24 males and 7 females with a mean age of
7 years (range 1-13 years). All fractures were extension
type and classified as type III-A (n = 15; 48%) and type
III-B (n = 16; 52%), according to Wilkins modification of
Gartland classification [10]. None of the patients in this
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series had received adequate treatment for their displaced
supracondylar humerus fracture within the first 24 h
following injury.

Hospital charts were reviewed to determine the date of
injury, time of injury and arrival at our hospital (emergency
department or outpatient clinics), time of operation, pre-
and post-operative neurological and vascular examination,
other pertinent physical examination findings (i.e., closed
vs. open injury), exact description of operation, perioper-
ative complications, total number of hospital days and date
of resolution of any neurological or vascular compromise.
The conditions leading to delayed treatment were also
searched in detail. This investigation included the condi-
tions leading to delay, both before and after the admission
of the patients to our hospital. All attempts to reduce these
fractures closely in other centers or in our hospital emer-
gency department were also recorded.

Pre-operative radiographs and hospital records were
evaluated to determine the type-III nature of the fractures,
the classification of those fractures into extension- and
flexion-type injuries, and the direction of displacement in
the extension type into posterolateral and posteromedial
categories. The radiographs, made at the time of injury and/
or at the delayed admission to our hospital, were used for
the radiographic evaluation (Figs. 1, 2). Due to lack of a
C-arm machine in the operating room, no more attempts
were performed for close reduction of the fractures. All
patients in this series received a surgical treatment con-
sisting of sentiment manual reduction through a medial
approach and percutaneous cross-pinning (Figs. 3, 4).

Post-operatively, a posterior long-arm splint was applied
to all children for 3—4 weeks according to the radiographic
healing. In patients that had exact healing radiographically
at the end of third post-operative week, the K-wires and
splint were removed, and range-of-motion exercises were
started. For the others, both splint and K-wires were
removed at the end of the fourth post-operative week.
Clinical evaluation of the final follow-up was based on the
carrying angle and the arc of flexion—extension of both the
injured and uninjured elbows. Radiographic assessment of
both elbows was performed using the Baumann’s angle and
humero-ulnar angle for adults. All the radiological and
clinical assessments on the final follow-up were made by
other surgeons in the same clinic.

Results

The average hospital stay was 2 days (range 1-3 days), and
the average follow-up time was 4 years (range 2—11 years)
in this series. The average time interval between the initial
injury and the surgical procedures (the mean delaying time)
was 6 days (range 2-19 days). Except for 7 (22.5%)
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Fig. 1 A 6-year-old boy fell
from a bicycle and sustained an
injury to the left elbow. The
plain anteroposterior and lateral
radiographs showed type III-A
displaced supracondylar
humerus fracture at the time of

injury

Fig. 2 The 6-year-old boy was
referred to our hospital 10 days
after the initial injury because of
failure of close reduction. The
anteroposterior and lateral
radiographs showed severe
displacement

children who were admitted to our hospital within the first
24 h, 24 (77.5%) of 31 patients in this series were seen in
another (sometimes more than one) medical center, out-
patient clinic or hospital initially and had a transient or
permanent therapeutic intervention. These 24 patients were
admitted to our hospital after the first day of injury. While
some children were referred to our hospital after a long-
arm splint applied to the affected extremity without any

Lateral

attempt for closed reduction, the rest were followed in a
long-arm cast following an inadequate fracture reduction.
The 7 who were directly admitted in the first 24 h under-
went an unsuccessful closed reduction in the emergency
department and were operated on on the next available
surgery day.

Except for 2 (6.5%) patients with anterior interosseous
and ulnar nerve injuries pre-operatively, which resolved
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Fig. 3 The line drawing shows sentiment manual reduction using a
medial approach

spontaneously within 3 months post-operatively, none of
the patients had neurological involvement before or after
the operations. Patients with neurological injury underwent

Fig. 4 Early post-operative a
anteroposterior and lateral :
radiographs after open reduction
using a medial approach and
cross-pinning
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the electromyography examination to achieve correct
diagnosis and follow-up. Pin-tract infection developed in 2
(6.5%) patients during the second post-operative week.
These infections were resolved with a course of oral anti-
biotics and pin removal after adequate osseous healing. In
7 (22.5%) patients, a mean carrying angle loss of 12.4°
(range 6°-29°) was observed. None of the patients devel-
oped myositis ossificans or cubitus varus. At the final
follow-up all patients had full range of motion of the
affected elbow (Fig. 5). The radiographic examination
revealed an average Baumann’s angle of 76.8° (range 71°-
89°). Mean humero—ulnar angle was 4° in males (range
—5°to 11°) and 6.8° in females (range —10° to 14°). Full
functional recovery was obtained within 3 months in 29
(93.5%) patients (average elbow extension 0°, flexion
140°) and within 5 months in the remaining 2 (6.5%)
patients (average elbow extension 3°, flexion 138°).

Discussion

Displaced supracondylar humeral fractures in children may
be associated with vascular, neurological and infectious
complications in addition to difficulties in achieving and
maintaining a satisfactory reduction [11-13]. Many authors
have previously expressed the opinion that emergent
treatment of these fractures is necessary to avoid such
complications [2, 3, 14-16]. However, others have not been
able to identify a difference between emergent and urgent
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Fig. 5 The 6-year-old boy had
full range of motion on the left
elbow 5 years post-operatively.
The anteroposterior radiograph
showed 15° humero—ulnar
angles on the both elbows

interventions with regard to open reduction and peri- and
post-operative complications [4, 5].

There are various factors leading to delayed treatment
following supracondylar humeral fractures in children.
Inability to achieve a satisfactory closed reduction of the
fracture due to continued swelling and/or skin problems is
the main concern. In addition to these medical conditions,
the need for open reduction and internal fixation increases
as the time until surgery increases. The rate of conversion
to open reduction has been reported as ranging from less
than 3% to about 46% [13, 18-20]. Cheng et al. [21]
reported a series of 180 patients with type-III supracon-
dylar fractures, with an open reduction rate approaching
38%. However, in this series, only 17% of the fractures
were presented on the day of injury. In our series, 22.5% of
the patients were admitted to our institution on the day of
injury; however, due to unsuccessful closed reduction
performed in the emergency department, all these patients
were scheduled for open reduction. The health facility
problems relating to the disorganized health insurance
system unique to our country constituted the main reasons
for the delayed presentation of these patients to our hos-
pital. In addition, some of the children were treated by non-
doctor personnel (witch doctors; still common in devel-
oping countries) initially, before being referred to a
medical center. A closed reduction was attempted in the
emergency department for all children, regardless of
whether they had already undergone closed reduction.
However, in none of them was an acceptable reduction
achieved. Surgical treatment was performed on the next
available surgery day.

Prior to the 1999 report by Iyengar et al. [17], addressing
the issue of surgical timing as it relates to complications
following supracondylar fracture surgery, these fractures
had been treated as an emergency. Those authors focused
on several clinical parameters, including the need to con-
vert to open reduction, nerve injury and signs of
compartment syndrome such as decreased grip strength.
Their main outcome variable was the need to convert to
open reduction, which occurred in 3 (%13) of the 23
patients in the early-treatment group compared with 6
(%17) of the 35 patients in their delayed-treatment group.
The authors were unable to identify any significant dif-
ferences between their early and delayed surgical groups
concerning associated nerve injuries and measured
parameters.

Mehlman et al. [4] performed a similar study to inves-
tigate the effect of surgical timing on the perioperative
complications. In their series, 52 patients had early (8 h or
less following injury) and 146 patients had delayed (more
than 8 h following injury) surgical treatment of a displaced
supracondylar humeral fracture. The authors found no
significant difference between the two groups with respect
to the need for conversion to open reduction, pin-tract
infection or iatrogenic nerve injury. No compartment
syndrome occurred in either group.

The treatment options reported in the literature for
delayed presentation of displaced supracondylar humeral
fractures are re-manipulation [22], skin traction [23],
delayed percutaneous pinning after skeletal traction [24]
and open surgery [25]. Devnani [23] reported that gradu-
ally reducing the fracture with traction reduced the risks
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related with delayed supracondylar humeral fractures. The
mean delaying time was 5.6 days in his series, and 5 (18%)
cubitus varus deformities were corrected later by an oste-
otomy. The average hospital stay was 14 days. He had poor
results in children with posteromedial angulation. Agus
et al. [24] evaluated 13 children treated with closed per-
cutaneous pinning after skeletal overhead traction. There
were two fair functional results in that series. Lal and Bhan
[25] reported a series of 20 children with delayed open
reduction by means of a posterior approach for supracon-
dylar humeral fractures. The delaying time changed
between 11 and 17 days in this study. Of the patients, 35%
had cubitus varus deformity, and the loss of range of
motion was 70%. In our series, the delaying time was
6 days on average (range 2—-19 days); 7 (22.5%) patients
had cubitus varus deformity with a mean carrying angle
loss of 12.4° (range 6°-29°); none of the patients required
physical therapy; full functional recovery was achieved
within 3 months in 29 (93.5%) patients; and there was no
evidence of a correlation between duration of immobili-
zation and delay in range of motion recovery.

Deep infections or osteomyelitis is rare following sur-
gical treatment of displaced supracondylar humeral
fractures; pin-tract infections usually are seen [26].
Recently reported rates of infection associated with per-
cutaneous fixation have ranged from 2.4 to 6.6% [13, 21,
27]. In our study, the infection rate was 6.5%. All these
infections were pin tract and resolved with a course of oral
antibiotics followed by pin removal after adequate osseous
healing.

Nerve injuries associated with displaced supracondylar
humeral fractures may be separated into those associated
with the injury itself and those associated with treatment of
the injury [28]. Although a crossed K-wire configuration
has been shown to be biomechanically superior [29], recent
approaches to treatment have de-emphasized the need for
medial pins in the treatment of these fractures because of
the increased morbidity associated with such pins [30, 31].
A literature review demonstrated 3.6% iatrogenic nerve
injury, with the ulnar nerve being involved in 81% of these
cases [6, 11, 28, 30-32]. In this series, we performed
crossed K-wire configuration in all patients. We observed
no iatrogenic nerve injury and the nerve injuries that
existed pre-operatively were resolved within 3 months
post-operatively. Volkmann ischemic contracture is a rare
event, with a prevalence of 0.5% or less [33]. In our study,
we found no cases of compartment syndrome.

In summary, we were unable to identify any significant
difference in perioperative complication rates of displaced
supracondylar fractures of the humerus in children who
had delayed treatment. Delayed treatment significantly
increases the need for open reduction of the fracture
fragments. If intraoperative fluoroscopy was available,
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closed reduction would be possible in our cases. We
identified no increase in infection, iatrogenic nerve injury
or Volkmann ischemic contracture following an open
reduction in those patients treated more than 24 h after
injury. These fractures can be treated as an urgency;
however, despite being treated in the following few days
after injury, perioperative complication rates did not
appear to be increased significantly. Open reduction using
a medial approach is a safe method for delayed presen-
tation of displaced supracondylar humeral fractures in
children and can be applied without an image intensifier or
X-ray control. In our study, 22.5% of the patients had
cubitus varus deformity. This is similar to that observed in
other series in the literature. However, our functional
recovery time is better than in these reports and similar to
that seen with closed percutaneous pinning.
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