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Background. Gartland type III supracondylar fractures in children are treated as emergency. But there are few studies 
about surgical timing and clinical outcomes.
Aim. To evaluate whether the time interval from injury to surgical treatment affects the treatment outcomes of 
Gartland type III supracondylar fractures in children.
Methods. The study population comprised all children presenting to our hospital between April 2003 and December 2013, 
who had Gartland type III supracondylar humerus fracture. Patients were divided into three groups: those who were 
treated within less than six hours from injury, those who were treated between six and twelve hours, and those who 
were treated between twelve and twenty four hours after injury. In this retrospective study, we checked whether the 
timing of surgery affected clinical outcomes such as bone union, range of motion, peri-operative complications, and 
operation time.
Results. All patients were treated with closed reduction and percutaneous pin fixation within 24 hours. This study 
showed a trend that the delay in the timing of surgery after traumatic injury increases operation time, however with 
no statistical differences. The neurological complications were similar in the three groups. There were 11 cases (14.7%) 
of preoperative neurologic deficit, however every patient recovered postoperatively. There was no difference between 
the three groups in terms of clinical outcomes such as range of motion of the elbow and bone union.
Conclusion. For Gartland III pediatric supracondylar humerus fractures, operation can be delayed for up to 24 hours, 
which may allow time for operation during regular hours, rather than late at night, with thorough evaluation of 
circulation, nerve injury, and swelling. 
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ВЛИЯЕТ ЛИ ВРЕМЯ ПРОВЕДЕНИЯ ОПЕРАЦИИ НА ПРОГНОЗ 
ВОССТАНОВЛЕНИЯ ПОСЛЕ НАДМЫЩЕЛКОВЫХ ПЕРЕЛОМОВ 
ГАРТЛАНДА III ТИПА У ДЕТЕЙ?
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Актуальность. При надмыщелковых переломах Гартланда III типа у детей требуется срочная медицинская по-
мощь. На сегодняшний день проведено небольшое количество исследований, посвященных выбору времени 
проведения операции и оценке клинических результатов лечения.
Цель  — определить, как время, прошедшее от момента травмы до операции, влияет на результаты лечения 
надмыщелковых переломов Гартланда III типа у детей.
Методы. В исследуемую группу вошли дети, поступившие в больницу с  апреля 2003 по декабрь 2013 г. с над-
мыщелковым перелом плечевой кости Гартлaнда III типа. Пациенты были разделены на три группы: те, кому 
медицинская помощь была оказана менее чем через 6 ч после травмы; те, кому медицинская помощь была 
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оказана в  период от 6 до 12 ч после травмы; и  те, кому медицинская помощь была оказана в  период от 12 до 
24 ч после травмы. Мы проанализировали, повлияло ли время проведения операции на такие клинические 
результаты, как сращение перелома, объем движений, периоперационные осложнения и  длительность опе-
рации.
Результаты. В течение 24 ч всем пациентам была проведена закрытая репозиция с чрескожной фиксацией спи-
цами. В результате исследования была выявлена тенденция к увеличению длительности операции при задерж-
ке оперативного лечения, однако статистически незначимая. У пациентов всех трех групп зарегистрирована 
сходная частота неврологических осложнений. Было зафиксировано 11 (14,7 %) случаев предоперационного 
неврологического дефицита, но, несмотря на это, все пациенты полностью восстановились после операции. 
Показатели объема движения в  локтевом суставе и  сроки сращения перелома так же не отличались во всех 
группах.
Вывод. При надмыщелковых переломах Гартланда III типа у детей операция может быть отложена на срок до 
24 ч, что позволяет проводить операции в  дневное время, а  не в  ночные часы, а  следовательно, более точно 
оценить кровообращение, наличие травмы нервов и отека.

Ключевые слова: педиатрия; надмыщелки плечевой кости; переломы; время проведения операции.

Background

Pediatric supracondylar humerus fractures 
account for about 50–70% of pediatric elbow 
fractures. Pediatric supracondylar humerus fractures 
occur mostly from ages 5 to 7 [1, 2]. The fracture 
occur when bending force or extension force applies 
to the distal humerus; Over-extended force is 
applied to the rear distal bone of humerus, resulting 
in displacement of fracture site. These mechanisms 
account for more than 95% of the fracture [3].

Gartland classification [4] is most commonly 
used for pediatric supracondylar humerus fractures, 
which divides fractures into three types depending 
on the presence of cortical damage on the sagittal 
plane and potential extent. Type II–III fractures 
usually require closed reduction and pin fixation 
while long arm splints are mostly applied as 
conservative treatment to type I fractures [5].

Fracture complications are neurovascular 
damage, restricted range of motion, and joint 
stiffness as well as varus and valgus deformity [6, 7]. 
Type III Gartland fractures are treated as emergency 
for immediate closed reduction [7]. However, 
pediatric supracondylar humerus fractures are often 
delayed until midnight due to elective surgeries, 
other emergency surgeries, or not enough NPO 
(nothing by mouth) time.

According to recent studies [8, 9], there are 
controversies on operation timing for pediatric 
supracondylar humerus fractures. We hypothesized 
that the pediatric supracondylar humerus fractures 
operation can be delayed for up to 24 hours after 
injury with no significant difference in clinical 
outcomes when patients do not have neurovascular 

injury, which may allow operations during regular 
hours, instead of emergency operation at night, with 
thorough evaluation on circulation, nerve injury, 
and swelling, thus leading to far better results.

This study aims to evaluate whether surgical 
timing affects clinical outcomes for pediatric type 
III Gartland distal humeral fractures.

Materials and methods

We conducted a retrospective study. The medical 
records of patients who presented supracondylar 
humerus fractures and were surgically treated, 
between April 2004 and December 2013, were 
extracted from our institutionally approved, 
single-center, orthopedic database. The inclusion 
criteria were skeletally immature patients with 
Gartland type  III supracondylar humerus fractures. 
The exclusion criteria included patients who 
were transferred to our hospital after failure of 
conservative treatment, Gartland type I, II fractures, 
open fractures, pathological fractures, and less than 
1 year follow-up after surgery. 97 patients presenting 
supracondylar humerus fractures were identified, 
and 75 patients, 49 males and 26 females, were 
enrolled in the study after applying these criteria. 
The mean age of the participants was 6.0 years 
(range, 2–11 years).

The surgery was performed by a single 
surgeon. General anesthesia was used for all 
cases. Tourniquet was not used in any case. 
Surgical procedure included closed reduction and 
percutaneous pin fixation under general anesthesia. 
If the closed reduction failed or reduction state was 
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not satisfactory, additional reduction was achieved 
by joystick maneuver using 2.4 mm K-wire (Fig. 1). 
After reduction, 1.4 mm or 1.6 mm K-wires were 
used to fix fractures. At postoperative 3 weeks, 
radiographs were evaluated and the timings for pin 
removal and cast removal were decided according 
to the status of fracture healing. After removal of 
the pin and cast, patients started daily activities and 
tolerable exercise without passive physical therapy. 
Follow-up radiography was performed at 6 weeks, 
3, 6, and 12 months.

The clinical course was reviewed: time from 
injury to surgery, operation time, range of motion 
of the elbow, and complications such as infection 
and deformity. Time from injury to surgery was 
reported by adult guardian. Operation time was 
defined as the time from the beginning to the end 
of surgery excluding the time related to preparation 
for surgery and anesthesia. Range of motion of the 
elbow was measured during the 1 year follow-up 
period.

Radiological findings were independently 
evaluated by two experienced orthopedic surgeons, 
with confirmation of findings by consensus. As 
the reduction standard for pediatric supracondylar 
humerus fractures, Baumann angle, the angle of 
the longitudinal line of humerus and the humerus 
growth plate, was calculated on the anteroposterior 
radiograph by using the method of Williamson 
et  al.  [10]. Baumann angle’s reference value is 
73 ± 6°. The value was measured by antero-posterior 
follow-up radiographs one year after the surgery. 
Radiologic union time was measured, and criteria 
for radiographic union were based on the formation 
of callus in at least 3 cortex.

The patients were divided into 3 groups based 
on the time from injury to surgery: within 6 hours, 
between 6 and 12 hours, and between 12 and 
24 hours after injury. We compared differences 
of clinical outcomes including operation time, 
Baumann angle, range of motion of the elbow, and 
radiologic union time between 3 groups.

The three groups were compared based on the 
average and standard deviation results using analysis 
of variance (ANOVA). Pearson correlation analysis 
was performed to determine the relationship 
between the injury to surgery time and clinical 
outcomes. All statistical analyses were performed 
using PASW Statistics version 18.0 (IBM Corp., 
Armonk, NY, US). A p-value < 0.05 was considered 

statistically significant. This study was reviewed 
and approved by the Institutional Review Board 
(IRB No. KBSMC2018-03-002).

Results

43 cases were on the left side and 32 cases were 
on the right side. Injuries were from falling (from 
a bed or sofa, 43 cases), slipping (21 cases), bicycle 
accidents (7 cases), and trampoline accidents 
(4  cases). 27 cases occurred in the playground, and 
19 cases in the house.

A total of 29 cases were injured before 4 PM 
while a total of 45 were injured after 4 PM. There 
was only one case of injury between midnight and 
early morning (Fig. 2). There were 11 cases of nerve 
injury: 4 cases of radial nerve, 4 cases of median 
nerve, and 3 cases of anterior interosseous nerve. 
All nerve injuries recovered at the final follow 

Fig. 1. Reduction technique (joystick maneuver) using 
2.4 mm K-wire
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up. The average of total operation time was about 
40 ± 17 minutes. Fixation of two at the lateral side 
and one at the medial was performed in 58 cases 
(Fig.  3). All patients had bone union without 
secondary intervention with no complications such 
as infection or deformity.

All patients underwent surgery within 24  hours 
of injury: 18 cases within 6 hours after injury 
(group  I), 30 cases between 6 and 12 hours 
(group  II), and 27  cases between 12 and 24 hours 
after injury (group III). The average operation 
time was 39.4 ± 11  minutes, 39.3 ± 13 minutes, 
and 41.1 ± 16 minutes in group I, II, and III, 
respectively. Although there is a trend that the delay 
in the timing of operation after injury increases the 
operating time, there was no statistically significant 
difference in operating times among the three groups 
(p > 0.05) (Table 1). Pearson correlation analysis 

revealed that operating time was not correlated 
with the time from injury to operation (p = 0.997). 
Average Baumann angle was 72.4 ± 2.2°, 71.9 ± 2.0°, 
72.4 ± 2.0° in group  I,  II, and III, respectively, 
and there was no difference between 3 groups 
(p > 0.05). The average radiologic bone union time 
was 6.6  weeks in group I, 6.5 weeks in group II, 
and 6.74 weeks in group III, showing no difference 
among the three groups.

Discussion

Pediatric supracondylar humerus fractures are 
the most common fractures. They account for about 
50–70% of all pediatric elbow fractures. Among 
fractures of children under 7 years old, supracondylar 
humerus fractures account for 30% [1, 2, 11–13]. 
Gartland classification is most commonly used, 
which divides fractures into three types depending 
on cortical breakage and the degree of translocation 
in sagittal image. Another classification by Wilkins 
which is based on the direction of translocation has 
been added to this classification [14]. Mubarak and 
Davids have sub-divided type I fracture into Ia (with 
no dislocation) and Ib (with insertion of medial 
cortex and hyper-extension deformity). Recently, 
Leitch has introduced type IV  [15] fractures with 
multi-directional instability, which, however, has yet 
to be generally accepted.

Treatments may be divided according to the 
types of fractures. For Gartland type I supracondylar 
humerus fractures, splint or traction is applied. For 
displaced fractures in Gartland type II or III, closed 
reduction and pin fixation are usually used.

Closed reduction is known to have better 
prognosis than open reduction [16–18]. For the 
fixation, though nailing and external fixation are 
sometimes used, percutaneous K-wire fixation is 
mostly used [19, 20]. If closed reduction fails or 
reduction state is unsatisfactory, reduction by S-pin 
or mosquito with 3–5 mm incision can be tried. 

Fig. 3. Postoperative radiographs showing well fixed 
supracondylar fracture with K-wires

Table 1
Clinical outcomes

  Indicators Group I (n = 18) Group II (n = 30) Group III (n = 27) n

Operation time (minutes) 39.4 (±11.1) 39.3 (±13.5) 41.1 (±16.2) 0.868

ROM (°) 129.4 (±1.1) 128.6 (±1.4) 129.3 (±1.4) 0.545

Bauman angle (°) 72.4 (±2.2) 71.9 (±2.0) 72.4 (±2.0) 0.606

Union (weeks) 6.6 (±0.9) 6.5 (±0.8) 6.7 (±0.9) 0.340
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Suh et al.  [21] have reported good prognosis of 
reduction using operator’s thumb with minimal 
incision on the anterior side. Parmaksizolgu 
et  al. have introduced reduction using a joystick 
following K-wire fixation  [22]. In this study, closed 
reduction was difficult in only one case, for which 
percutaneous reduction with 2.4 mm K-wire was 
performed. All groups showed good prognosis.

There are debates about complications  [23–31] 
and safety in choosing fixation method and the 
number of pins [32–34]. A pin with a large diameter 
could cause ulnar nerve injury and pin site infection. 
However, Srikumaran et al. have reported that there 
is no relationship between the diameter of pin and 
complications [35]. In general, 1.4 or 1.6 mm K-wire 
is used. We used lateral pin with additional medial 
pin fixation. Biomechanically, fixation with both 
medial and lateral pins is more stable in rotational 
force than one with only medial pins. However, using 
both medial and lateral pins can increase iatrogenic 
ulnar nerve injury, therefore one should be careful 
when using medial fixation  [36, 37]. In  this study, 
closed reduction and percutaneous pin fixation were 
performed under general anesthesia in all patients. 
Double fixation at lateral side and one fixation at 
medial side with 1.4  mm or 1.6 mm K-wire were 
performed for most patients.

According to a study, when fractures are 
surgically treated by untrained surgeons, various 
complications could occur in approximately 17%  of 
cases [38]. These complications may include 
neurovascular injury, infection, Volkmann’s ischemic 
contracture, varus deformity, joint contracture, and 
myositis ossificans. Many treatments have been 
tried to minimalize complications [5], among which 
varus deformity is the most common complication. 
It is not caused by growth disorder after injury, but 
by incorrect reduction or loss of reduction [39–42]. 
Most varus deformities are combined with coronal 
tilting, medial rotational deformity, and extension 
deformity. They cannot be improved nor heal 
spontaneously. Though most problems are related 
appearance, muscular weakness or lateral condylar 
fracture can happen as well. If extension deformity 
is not corrected, flexion and hyper-extension could 
continue to be limited. In order to minimize the 
occurrence of varus deformity after surgery, fixation 
after firm and correct reduction should be kept until 
bone union. In this study, the average Baumann 
angles measured in the last one-year follow-up 

period were 72.4 ± 2.2° in group I, 71.8 ± 2.0° 
in group II, and 72.4 ± 2.0° in group III, which 
were well maintained in all three groups without 
varus deformity which could require corrective 
osteotomy. Range of elbow motion measured in the 
last one-year follow-up period was within normal 
range (group I, 129.4 ± 1.1°; group II, 128.6 ± 1.4°; 
group  III, 129.3 ± 1.4°). There was no significant 
(p > 0.05) difference in range of elbow motion 
among groups.

Babal et al. [36] have performed a meta-analysis 
with pediatric supracondylar fracture patients, and 
found that in extension type, neurologic injuries occur 
in about 12.7% of cases while flexion type neurologic 
injuries occur in about 16.6% of cases. In extension 
type, anterior interosseous nerve injury is the most 
common. In flexion type, ulnar nerve injury is the 
most common. In this study, nerve injury occurred 
in 11 cases, all of which recovered without sequelae.

In recent studies, non-open type III Gartland 
fracture without neurovascular injury has 
shown good prognosis when treated through 
elective operation instead of emergency  [43]. 
Carmichel  et  al.  [43] have mentioned that most 
cases of supracondylar fracture of the humerus do 
not need emergency operation. Some retrospective 
studies have revealed there was no difference in 
clinical outcomes between emergency operation 
and operation after 12 hours from injury [8, 9]. 
However, Ramachandran et al. [44] have reported 
that, the incidence of compartment syndrome 
in cases operated after 22 hours from traumatic 
injuries is significantly higher compared to the 
incidence in cases operated within 22 hours of 
trauma. According to a study of patients with only 
Gartland type III fractures, poor prognosis has 
been found in cases operated after 12 hours from 
injury [45]. Walmsley et  al.  [46] have reported that 
cases treated after 8  hours from injury showed 
a  significant increase in the chance of having open 
reduction. Yildirim  et  al.  [47] reported that, after 
treating 190 cases of type III Gartland supracondylar 
fractures, patients who were operated after 32 hours 
from injury had a significantly increased chance of 
needing open reduction and longer operation time 
than those treated within 32 hours of injury. Also, 
the delay in the timing of operation after injury 
significantly increased operation time [47]. In other 
words, early operation after injury shows shorter 
operation time and easier treatment. In this study, 
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though there is a trend that the delay in the timing 
of operation after injury increases the length of 
surgical procedure, there was no statistical difference 
in operation time if operation was performed within 
24 hours of injury.

One of the limitations of this study was that all 
cases were treated within 24 hours from injury with 
closed reduction and pin fixation. Therefore, we 
did not evaluate complications following operation 
performed 24 hours after injury. Another limitation 
would be that this study was a retrospective study 
with relatively small patient numbers, therefore 
additional large-scale, prospective studies will be 
required to supplement our results.

However, this study has significance in that 
the relationship between the timing of operation 
after injury and clinical results was investigated. 
As  shown in this study, most injuries tend to 
occur in the afternoon, and when the injuries were 
treated within 24 hours, no statistically significant 
difference was found in the relationship between the 
timing of operation after injury and the duration 
of surgical procedure. Considering a  majority of 
injuries tend to occur in the afternoon, surgical 
treatments are likely to be performed late at night or 
at dawn due to  NPO. Unless there are issues, such 
as neurovascular symptoms, requiring immediate 
attention and emergency operation, performing 
surgical treatment of injuries during regular hours 
instead of late at night or at dawn should be 
positively considered so long as it is done within 
24 hours of injury.

Conclusion

In Gartland type III supracondylar humeral 
fracture without neurovascular injury, no correlation 
between the timing of operation after injury and 
clinical outcomes was found when surgery was 
performed within 24 hours of injury. We, therefore, 
conclusively suggest and recommend surgery be 
performed during regular hours within 24 hours of 
injury with thorough and necessary examinations 
including evaluation of circulation, nerve injury, 
and swelling.
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