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Abstract

Purpose Supracondylar fractures of the humerus are the

most common fracture of theelbow in children. The pur-

pose of this study was to evaluate, in terms of outcomes

andcomplications, Gartland type III pediatric supracondy-

lar humerus fractures treated at apediatric level-one trauma

center over a 7-year period, specifically addressing the-

impact of time to surgery on the incidence of complications

and conversion to openreduction.

Methods We retrospectively reviewed 297 pediatric

patients that sustained a closedGartland type III supra-

condylar humerus fracture treated between December 2004

andDecember 2011. The time to the operating room was

calculated from the medical recordsfor each patient. The

outcome measures evaluated were operative time, conver-

sion toopen procedure, and perioperative and postoperative

complications.

Results In our study, there were 30 complications in 25

children (8.4%). Conversion to open reduction occurred in

28 children (9.4%). The time from the emergency depart-

ment to the operating room was not significantly correlated

with increased complications, increased operative time, or

conversion to open reduction (p [ 0.05). Crossed pinning

resulted in an increased risk of overall complications [odds

ratio (OR) = 2.6] and iatrogenic nerve injuries (OR = 9.3).

Complications also occurred more commonly in boys

(OR = 3.3) and in older patients (p = 0.0069)

Conclusions We found no significant correlation between

the time to surgery andcomplications, operative time, or

need for open reduction. These findings support thetrend of

treating Gartland type III supracondylar humerus fractures

in a less urgentmanner. In addition, our study supports the

concept that cross pinning leads to morecomplications than

lateral pinning, including an 8-fold increase in iatrogenic

nerveinjury.
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Introduction

Supracondylar fractures of the humerus are the most

common fracture of the elbow in children. The majority of

these fractures (96–98 %) are extension-type fractures [1–

4]. Gartland originally described a classification for

extension-type supracondylar humerus fractures, dividing

them into three types: type I is non-displaced, type II is

displaced with an intact posterior cortex, and type III is

displaced without cortical contact [2, 5]. The current pre-

ferred treatment for Gartland type III fractures consists of

attempted closed reduction and percutaneous pinning [3, 6–

8].

The focus of many recent research studies on the

treatment of these fractures has been pin configuration.

Biomechanical testing has demonstrated a theoretical

advantage of both medial and lateral cross pinning; how-

ever, these initial findings have not translated into clinical

results [9–11]. The concern for iatrogenic ulnar nerve
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injury during the placement of a medial pin discourages

this configuration. Slobogean et al. conducted a systematic

review focusing on iatrogenic ulnar nerve injury due to the

placement of a medial pin and concluded that the number

needed to harm was 28 patients [12].

Until the late 1990s, it was believed that displaced

pediatric supracondylar humerus fractures required emer-

gent surgical intervention or skeletal traction. The theo-

retical advantage proposed that this would lead to a

decrease in perioperative complications, including iatro-

genic nerve palsies, compartment syndrome, and conver-

sion to an open reduction [6, 8, 13, 14]. In recent years,

many adult trauma hospitals have decreased night-time on-

call orthopedic surgery without affecting patient outcomes

by allowing dedicated trauma operative time during the day

[15, 16]. In a similar fashion, many pediatric studies have

been performed questioning the necessity of urgent night-

time intervention in Gartland type III supracondylar

humerus fractures. In 1999, Iyengar et al. published a ret-

rospective review comparing early versus delayed (greater

than 8 h following fracture) treatment of 58 patients with

type III fractures and showed no difference in terms of

clinical results or perioperative complications, including

conversion to open reduction [8]. Multiple studies followed

showing similar results [6, 14, 17]. Conversely, studies by

Walmsley et al. and Yildirim et al. showed that delayed

intervention resulted in an increase in open reduction but

no other perioperative complications [7, 13]. With regards

to operative delay leading to open reduction, there is lit-

erature supporting both arguments, resulting in a lack of

conclusive agreement.

The purpose of this study was to evaluate the outcomes

and complications of Gartland type III pediatric supra-

condylar humerus fractures treated at a pediatric level-one

trauma center over a 7-year period, specifically addressing

the impact of the time to surgery on the incidence of

postoperative complications and conversion to an open

reduction.

Materials and methods

All children with closed type III supracondylar humerus

fractures admitted and treated between January 2004 and

December 2011 at the author’s institution were identified.

Patients with open fractures and/or vascular injury were

excluded. The medical charts and operative records were

retrospectively reviewed. The age at surgery, gender,

weight, and initial examination findings of skin tenting,

ecchymosis, and preoperative neurologic deficit was col-

lected. The time from the emergency department to the

operating room and the time from injury (if available) to

the operating room were calculated. Operative records

were reviewed for total operative time, number of K-wires

used, K-wire configuration, and open or closed reduction.

The outcome measures consisted of any unplanned return

to the operating room, conversion to open reduction, pin

site infection, iatrogenic nerve injury, compartment syn-

drome, trochlear avascular necrosis, and length of stay,

defined as the time following surgery to discharge. This

study was approved by our local Institutional Review

Board.

During this time period, there were 297 children who

sustained a supracondylar humerus fracture treated by

closed or open reduction and percutaneous pinning by 11

different surgeons (Table 1). There were 149 boys and 148

girls, with an average age of 5.8 ± 2.2 years. The majority

of injuries occurred as a result of a fall (46.8 %) or play-

ground injury (35.5 %). Lateral pin configuration was used

in 206 children, with an average of 3.0 pins; cross pins

were used in 91 children, with an average of 2.9 pins

Table 1 Demographics

Overall %

Patients 297

Age (years) 5.8 ± 2.2

Gender

Male 149 50.2

Female 148 49.8

MOI

Fall 139 46.8

Playground 105 35.4

Vehicle 25 8.4

Sports 13 4.4

Trampoline 6 2.0

Blunt 4 1.3

Unknown 5 1.7

Preoperative neural deficits 46 15.5

Table 2 Operative and postoperative data

Number %

Pin configuration

Lateral 206 69.4

Cross 91 30.6

Complications

Iatrogenic nerve injury 14 4.7

Pin site infection 8 2.7

Return to operating room 6 2.0

Compartment syndrome 1 0.3

AVN 1 0.3

Total 30 (25 patients) 8.4

Length of follow up (months) 30.1
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(Table 2). The pin configuration was determined solely by

the discretion of the treating surgeon based on a multitude

of factors, including fracture pattern and configuration

preference. The average length of follow up was

3.1 months.

Statistical analysis

Continuous data are reported as the mean ± 1 standard

deviation. Discrete data are reported as frequencies and

percentages. Statistical analyses between continuous data

were performed with the non-parametric Mann–Whitney

U-test; differences between discrete data were determined

by Fisher’s exact test. Stepwise, backwards binary logistic

regression analyses were performed to determine predictors

[odds ratios (ORs) with 95 % confidence intervals] of

variables for a particular outcome. The variables entered

into the analyses were those having an appropriate p-value

from the bivariate analysis. Entry into the model was set at

p = 0.20 and removal at p = 0.05. Statistical analyses

were performed with SYSTAT 10 softwareTM (Chicago,

IL, 2000). For all statistical analyses, a p \ 0.05 was

considered statistically significant.

Results

Conversion to open reduction occurred in 28 patients

(9.4 %) (Table 3). Those having an open reduction were

older; the child’s gender, time from the emergency

department to the operating room, and time from injury to

the operating room were not statistically different. There

were 30 complications which occurred in 25 children

(8.4 %). The complications included 14 iatrogenic nerve

injuries (4.7 %), eight pin site infections (2.7 %), six

unplanned returns to the operating room (2.0 %), one

compartment syndrome (0.3 %), and one avascular necro-

sis (0.3 %). The six children with unplanned returns to the

operating room consisted of two for loss of reduction, one

for compartment syndrome, one irrigation and debridement

for a septic elbow, one for neurolysis, and one distal

humeral osteotomy for range of motion issues. Those with

complications were older, more frequent in boys, and had

undergone cross pinning (Table 4). The times from the

emergency department to the operating room and injury to

the operating room were not statistically different. Iatro-

genic nerve injury occurred in 14 patients (Table 5). Those

with an iatrogenic nerve injury were older and had

undergone cross pinning. There were 46 children with 46

preoperative neural deficits. Those with deficits were older

and more frequently associated with a postoperative pin

site infection.

For the purposes of logistic regression analysis, the

median age was 5.8 years, which allowed us to create two

age groups; those [5.8 years old, who were designated as

older, and those \5.8 years old, who were designated as

younger. Those with a complication were more frequently

male [OR 3.3 (1.3, 8.6)] and had been cross pinned [OR 2.6

(1.1, 6.0)]. Those converted to an open reduction were

older [OR 3.1 (1.3, 7.7)] and more likely to have been cross

pinned [OR 4.6, (2.0, 10.5)]. The overall risk of

Table 3 Conversion to open reduction

Yes No p-

Value

Patients 28 269

Age (years) 6.8 ± 2.5 5.7 ± 2.2 0.034

Emergency department to

operating room (h)

10.1 ± 5.5 8.3 ± 5.6 0.081

Injury to operating room (h) 15.5 ± 5.6 13.1 ± 6.3 0.06

Gender

Boys 15 (10 %) 134 0.71

Girls 13 (8.8 %) 135

Table 4 Complications

Yes No p-

Value

Patients 25 272

Age (years) 6.9 ± 1.9 5.7 ± 2.3 0.0069

Emergency department to

operating room (h)

9.1 ± 5.2 8.4 ± 5.6 0.43

Injury to operating room (h) 12.3 ± 6.0 13.4 ± 6.3 0.62

Gender

Boys 18 (12.1 %) 131 0.023

Girls 7 (4.7 %) 141

Pinning

Cross 13 (14.3 %) 78 0.016

Lateral 12 (5.8 %) 194

No. of pins used 3.1 ± 0.6 3.0 ± 0.5 0.11

Operating room time (min) 46.1 ± 37.2 37.6 ± 21.4 0.96

Table 5 Iatrogenic nerve injury

Yes No p-Value

Patients 14 283

Age (years) 7.0 ± 1.6 5.7 ± 2.3 0.016

Pinning

Cross 11 (12.1 %) 80 0.0001

Lateral 3 (1.5 %) 203

No. of pins used 3.1 ± 0.7 3.0 ± 0.5 0.18

Operating room time (min) 47.1 ± 36.4 37.9 ± 22.3 0.56
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complications was higher in boys [OR 3.3 (1.3, 8.6)] and

those with cross pins [OR 2.6 (1.1, 6.0)]. Those having an

iatrogenic nerve injury were more frequently cross pinned

[OR 9.3 (2.6, 34.3)].

Discussion

Pediatric supracondylar humerus fractures have been the

focus of significant research due to the common nature of

such injuries. With this vast array of literature, conflicting

ideas and findings have resulted in a lack of conclusive

agreement regarding surgical timing and pin configuration.

In addition, there is a wide severity spectrum of supra-

condylar humerus fractures even within Gartland type III

fractures; this makes the literature difficult to interpret and

utilize. Ideally, surgeons should be able to differentiate

severe and non-severe Gartland type III supracondylar

humerus fractures to aid in determining which patients are

at higher risk for complications and require open reduction.

In our study, we found no significant correlation

between the time from the emergency department or the

injury to the operating room and complications, need for

open reduction, or operative time, similar to previous

studies [6, 8, 14, 17]. In recent years, adult orthopedic

trauma surgeons have begun to limit middle-of-the-night

urgent surgeries seemingly without affecting patient out-

comes [15, 16]. Likewise, in pediatric orthopedics, a sim-

ilar trend has begun to emerge. These findings support that

current trend toward daytime treatment of Gartland type III

supracondylar humerus fractures rather than night-time

urgent surgery. At our institution, we feel comfortable

treating type III supracondylar humerus fractures as the

first morning case; however, severe injuries (e.g., vascular

injuries, nerve deficits, severe swelling with ecchymosis)

are still treated in a more urgent fashion.

Although the time to surgery did not have an effect on

the complication rate, we did note an increased rate of

complications due to pin configuration. In our study, cross

pinning led to an 8-fold increase in iatrogenic nerve injury.

Historically, the pin configuration of pediatric supracon-

dylar humerus fractures has been a popular debate. The

majority of the literature has shown an increased risk of

iatrogenic nerve injury when cross pinning is performed,

although some studies disagree [3, 12, 17–20]. Our results

indicate that lateral pinning is a much safer procedure than

cross pinning in terms of complications (5.8 vs. 14.3 %),

which has been supported in the literature.

In addition to pin configuration, older patients and males

in our study were at higher risk for complications. Older

patients presented with more fractures that resulted in an

increased likelihood of preoperative nerve deficit, greater

risk of complications, and increased rate of conversion to

open reduction. Fletcher et al. recently published similar

findings of increased severity with regards to age [21].

They hypothesized that this was a result of higher-energy

injury mechanism. The study by Farnsworth et al. showing

higher-energy mechanism after the age of 4 years would

support this claim [22]. Males had an overall increased risk

of complications in our study. It is unclear as to the eti-

ology of this gender finding; however, it is possible that

this is also due to a higher-energy injury mechanism.

Unfortunately, the retrospective nature of this study and

lack of detailed injury information makes evaluating the

mechanism of injury as a possible etiology problematic. To

our knowledge, there has not been a study published

directly connecting the severity of fracture and gender.

There are many limitations to our study. First, it is ret-

rospective in nature. Second, there are multiple surgeons

included in this study, which leads to variability in oper-

ative timing and technique. In addition, the inclusion of

multiple surgeons may add bias in the decision to convert

to open reduction, as the ultimate decision is likely to be

different from surgeon to surgeon.

In summary, treating Gartland type III supracondylar

humerus fractures in a non-urgent fashion did not increase

the risk of complications or conversion to open reduction in

our study population. While we believe that many of these

fractures can be treated the following morning, there are

still some specific urgent indications. In addition, our study

supports the concept that cross pinning leads to more

complications than lateral pinning.
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