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Objective: The aim of this study was to determine the risk factors for loss of fixation in pediatric supracondylar humeral
fractures.
Material and Method: The data were analyzed regarding assessed loss of fixation in 256 supracondylar fractures from
January 2010 to December 2012, all of which were treated by closed or open reduction and Kirschner wire fixation. The
confounding factors that were thought to cause loss of reduction were collected. Multivariate logistic regression analysis was
performed to predict risk factors.
Results: Reduction was lost in 14.8% of the patients. Poor surgical technique was significantly higher in the cases with lost
reduction (odds ratio: 15.21). Additionally, cases with only lateral pins placement (odds ratio: 2.57), Gartland type 3
fractures (odds ratio: 2.38), and, obesity with a BMI >25 (odds ratio: 14.35) had a significantly higher risk of losing
reduction and fixation. Other factors including age, energy type of injury, time of surgery, and time to surgery were not
associated with risk.
Conclusion: The loss of reduction following fracture fixation is associated with poor surgical technique, fixation with lateral
pinning only, Gartland type 3 fractures, and pediatric obesity (BMI >25). The stability of fracture fixation in pediatric
supracondylar fractures is largely dependent on the use of effective fixation techniques. Cross pinning provides a more stabile
fixation than lateral pinning.
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Supracondylar humeral fractures are common
fractures in children younger than 10 years of age(1,2).
Most of the Gartland type 2 supracondylar fractures
and the Gartland type 3 displaced fractures are
stabilized with Kirschner wire fixation after closed or
open reduction(1,3). The incidence of loss of reduction
after fixation varies from 1.6% to 33.3%(10). There are
many factors that affect the outcomes of surgical
treatment; for example, stability after reduction,
configuration of wire fixation, time of surgery, medial or
lateral entry of wire fixation, number of wires, and open
reduction results in the increased morbidity associated
with open procedures(4,5). Errors in surgical technique
play a major role in determining surgical results,
especially regarding poor reduction and wire fixation(5,6).
There are many articles that advocate different types

of supracondylar fracture stability after fixation, but
there is limited evidence regarding the risk factors for
loss of reduction after fixation in the patients with
supracondylar fracture. In this study, we analyzed case
data in order to determine the risk factors that affect
fracture stability following fixation and the loss of
fixation.

Material and Method
Institutional review board approval was

obtained before the present study was started. This
retrospective case study analyzed 256 consecutive
supracondylar fractures of the humerus in children that
were admitted from January 2010 to December 2012.
The patients were operated upon by 17 different
surgeons and residents. All patients with open growth
plates and those aged below 12 years who were treated
for a supracondylar humerus fracture during the study
period were included. Patients with open fractures were
excluded from the study. For the selection of control
subjects, a matched case-control analysis was
performed by matching age, gender, configuration of
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fracture, and type of fracture. Clinical data and
radiographs were reviewed to confirm correct
documentation of data related to age, gender, body
mass index (BMI), side of injury, energy type of injury,
fracture type, surgical details, pin configuration,
presence of associated injuries, time from injury to
operation, and timing of surgery. The main outcome
was the frequency of loss of reduction after treatment
with open or closed reduction and fixation with K-wires
that required re-operating from immediately after
surgery to 4 weeks after surgery. Loss of reduction
was defined as excessive rotation or translation of bone
fragment. Rotational mal-alignment was defined on a
lateral radiograph as the anterior humeral line not
bisecting on the capitulum at the fracture site, between
the proximal and distal fragments(7) (Fig. 1).
Translational mal-alignment was defined on a lateral
radiograph of the elbow as minimal cortical contact
between the proximal and distal fragments after
reduction and fixation(7) (Fig. 2). The pin configurations
were divided in two groups. The first group involved
inserting lateral pins only, to include either two lateral
pins or three lateral pins. The second group involved
the use of both medial and lateral pins, included crossed
pins with one medial and one lateral entry pin and two
laterals and one medial entry pin. Poor surgical
technique was defined as inadequate fixation of either
the distal or the proximal fragment, convergence of the
wires in the cortex of bone, and wires crossing each
other around the fracture(8). For a good quality of
fixation, the patient had to present with fixation of the
four cortices, both in the proximal and distal fragments,
with adequate distance for fixation of the medial
and lateral columns(8). Two surgeons reviewed
postoperative radiography to evaluate and classify the
quality of surgical technique and determine cases as
having good or poor results. The data were tested for
inter-rater reliability using the Kappa statistic. The loss
of reduction group was compared with the acceptable
reduction group using collected variables. Categorical
variables were tested using the Chi-squared test and
continuous variables were tested using t or the
Wilcoxon rank sum test, depending on the distribution.
The effect of the quality of the initial reduction and
pinning of the fragment on the loss of reduction were
analyzed by logistic regression. All significant factors
were further evaluated with logistic multivariate
regression analysis to eliminate the effect of
confounding factors. Final modeling results are
reported with odds ratios (OR) and 95% confidence
intervals (CIs). STATA 11 (Stata Corp., College Station,

Fig. 2 Anteroposterior and lateral radiograph of the right
elbow; the arrow shows translational malalignment
after fixation with three lateral K-wires and one
medial K-wire.

Fig. 1 Anteroposterior and lateral radiograph of the right
elbow; the arrow shows rotational malalignment
after fixation with three lateral K-wires.

TX, USA) statistical software was used for analysis.

Results
256 children with displaced supracondylar

fractures were included in this study. There were 152
boys and 104 girls. The mean age was 8.4 years (range:
2-12). There were 205 Gartland type 3 and 51 Gartland
type 2 fractures. Fifty-six of the children underwent
open reduction followed by pinning due to the
failure of closed reduction, nerve injury, vascular
compromised and open fracture. Loss of reduction
occurred in 38 (14.8%) of patients (Table 1). Loss of
reduction was also analyzed in relation to fracture
patterns. Reduction was lost in 26 (65.8%) of the
Gartland type 3 and 12 (34.2%) of the Gartland type 2
cases. This difference was statistically significant (p =
0.02). Regarding lateral entry pin insertion, two lateral
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Patient characteristics Accept reduction n = 218 Loss of reduction n = 38 p-value

Age (years) mean + SD 7.7+4.6 8.4+4.2 0.45
Gender (n/%) 0.76

Male 130 (60) 22 (58)
Female 88 (40) 16 (42)

BMI (kg/m2) (n/%) <0.01*
>25 20 (9) 25 (65)
<25 198 (91) 13 (35)

Side (n/%) 0.33
Right 153 (70) 24 (63)
Left 65 (30) 14 (37)

Gartland type (n/%) 0.04*
II 39 (18) 12 (34)
III 179 (82) 26 (66)

High energy injury (n/%) 131 (60) 27 (72) 0.10
Time to surgery hours (hours + SD) 6.5+3.1 7.2+2.4 0.17

Time of surgery (n/%) 0.64
Day 48 (22) 12 (31)
Night 170 (78) 26 (69)

Pin entry (n/%) 0.03*
Lateral pinning 153 (80) 33 (87)
Cross pinning 65 (20) 5 (13)

Surgical technique (n/%) <0.01*
Good 177 (81) 8 (21)
Poor 41 (19) 30 (79)

Table 1. Patient and fracture associated characteristics and univariate analysis of risk factors for loss of reduction

*Statistically significant

pins were used in 152 cases and three lateral pins in 54
cases. Of these 206 children with lateral entry pins, 33
(17.0%) showed postoperative loss of fixation.
Configurations with at least one medial pin with crossed
pins occurred in 55 cases and two lateral pins with one
medial pin in 15 cases. In the groups that included at
least one medial pin, 5 (7.0%) out of 65 cases lost
reduction. This represented a statistically significant
difference (p<0.01). Seventy-nine cases were identified
with poor surgical techniques, with 30 (38.9%) of those
patients showing postoperative loss of reduction. In
the 177 cases that were categorized as technically good
surgery, 8 (4.5%) cases resulted in loss of reduction.
This difference was statistically significant (p<0.01).
An analysis was performed to determine the effects of
obesity on postoperative loss of reduction. A body
mass index (BMI) of more than 25 represents obesity in
children. Forty-five cases with a BMI >25 were identified
and 25 (55.5%) of these showed postoperative loss of
reduction. In the 211 cases with a BMI less than 25, 13
(6.1%) cases had loss of reduction. This difference was
statistically significant (p<0.01). Multivariate logistic
regression analysis showed that lateral pinning (odds

ratio: 2.57; 95% confidence interval; 1.10-8.24; p = 0.03),
poor surgical technique (odds ratio: 15.21; 95%
confidence interval; 5.43-35.62; p<0.01), BMI (body
mass index) of more than 25 (odds ratio: 14.35; 95%
confidence interval; 4.15-15.45; p<0.01), and Gartland
type 3 fracture (odds ratio: 2.38; 95% confidence
interval; 1.12-3.15; p = 0.04) were all associated with a
greater risk of  postoperative loss of reduction (Table
2). Sex, age, number of pins, timing of surgery, time to
surgery, and level of energy injury were not significantly
associated.

Discussion
The incidence of loss of reduction after

fixation for supracondylar fracture surgery varies in
the literature from 1.6% to 33.3%(10). In the current study
overall, 14.8% of cases experienced a loss of fixation.
The present study describes the experience at a rural
tertiary referral center and a large number of patients,
using a multivariate logistic model to determine which
factors were independently associated with an
increased incidence of loss of reduction after fixation
for supracondylar fractures. Multiple factors, such as
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Risk factor Entire cohort n = 256        Adjusted for age, sex, configuration of fractures
Crude ORs

Adjusted ORs 95% CI p-value

Obesity BM I>25 19.03 14.35 4.15-15.45 <0.01
Gartland type 3 2.11 2.38 1.12-3.15 0.04
Lateral pinning 2.80 2.57 1.10-8.24 0.03
Poor surgical technique 16.19 15.21 5.43-35.62 <0.01

Table 2. Multivariable prediction risk factors for loss of reduction

timing of the surgery, quality of reduction, pin
configuration, pin placement, and surgeon experience
have been reported to be associated with poor
outcomes(4,5,9). Many studies have shown the
importance of stability, which is dependent on the
Gartland type, loss of an intact periosteal, and
comminution of bone(8). In the present study, there was
no high risk of loss of reduction found in relation to
sex, age, timing of surgery, time to operation, and level
of energy injury. We did find a significant difference in
the loss of reduction between Gartland type 2 and
Gartland type 3 fractures. This may be due to greater
instability and comminution in Gartland type 3 fracture
patterns.Consistent with many previous studies, we
found no difference in outcome between cases receiving
care immediately vs. cases receiving delayed
treatment(11,14). But in a child with swelling and
ecchymosis around the elbow, impending compartment
syndrome, or neurovascular complication should be
operated as soon as possible(12,13). There was no
significant difference in the loss of reduction between
the groups, which had been operated upon during the
day vs. during the night in the present study, similar to
previous studies(15,16). Many studies have shown the
benefit of cross pinning as compared with lateral entry
pinning for the maintenance of reduction(8,9). But some
systematic review has shown risk for iatrogenic ulnar
nerve injury in cross pinning(20). This current study
also showed a significantly higher loss of reduction in
the patients who only had lateral entry pins. Achieving
adequate lateral entry pin placement is technically
difficult due to the need for pin alignment that engages
both columns(17,18). Many series have suggested
stability testing after lateral pin fixation and, if found to
be unstable, if it is suitable to add a third pin on the
lateral or medial side(2,5). However, we had no data
regarding cases where a stability test was performed
intra-operatively. The data indicated that poor surgical
technique and K-wire placement were the major causes
for loss of reduction after fixation. This study lacked

data regarding surgeon experience, which may have
played a major role in poor surgical technique results
and further research to clarify this will be required. A
fracture treated with surgical technique errors had an
increased likelihood of losing reduction. This is
especially the case in Gartland type 3 fractures, in which
poor placement of the pins in either the proximal or the
distal fragment resulted in rotational or translation
instability(17). The other noted error was the
convergence of lateral entry pins. Surgical technique
shortfalls were found in this series regarding loss of
reduction, findings similar to previous studies(4,5,8). The
effect of obesity did increase the level of incidence of
postoperative loss of reduction. In patients with a BMI
of more than 25 (pediatric obesity) an increased
incidence of postoperative loss of reduction was found,
again similar to previous studies(19). This may be due
to a complex fractures configuration after extremity
injury in obesity children(19). The limitation of the
present study is that it was a retrospective study and
important data regarding intra-operative details, such
as stability of the fracture after reduction, reasons for
choosing type of pin fixation, surgeon’s experience,
and the results of tests for stability after fixation was in
most cases not available. The present study also did
not follow the loss of reduction group that did not
require reoperation. Therefore, there is no information
regarding long-term outcome at last follow-up about
possible deformity of the elbow or other complications.
Finally, a selection bias was likely present because
patients with more difficult fracture patterns would have
been sent to our referral center and may need to open
reduction.

Conclusion
The present study was a large series, which

successfully identified risks relating to a loss of
reduction in pediatric supracondylar fractures. The loss
of reduction after fracture fixation was associated in
most cases with poor surgical technique. Cross pinning
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was found to be appropriate for fixation. Gartland type
3 fractures showed a trend towards higher loss of
reduction due to the unstable nature of this type of
fracture. Obese children with a BMI >25 were also at
risk for higher rates of loss of reduction. In cases
presenting with these conditions, surgeons must treat
supracondylar fracture cases with good operative
technique and effective fixation. Additionally, intra-
operative clarification of the fracture configuration may
help in achieving a more successful outcome. Other
factors such as the age, gender, side of fracture, high-
energy injury, time to operation, and timing of surgery
were not associated with risk of loss of reduction and
fixation.
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

     ⌫

 ⌦⌫⌫⌫ 
⌫ ⌦⌫⌫   
   ⌦    ⌫⌫
⌫   
 ⌫⌫   ⌫ 
⌫⌫ ⌫    ⌦⌦   
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