
Objective: In this study,we aimed to evaluate the effect of surgical treatment timing of Gartland extension type III humeral fractures on 
functional and cosmetic outcomes, in the pediatric age group and to compare them with literature.

Methods: Between November 2015 and October 2018, files of patients who were admitted to the emergency orthopedics department with 
Gartlantd extension type III supracondylar humeral fractures and who underwent surgery were investigated. Fifty cases under the age of 15 
years were included in the study. These patients were divided into two groups (early and late groups) by examining time before surgery. At 
outpatient follow up, functional and cosmetic results were evaluated using Flynn criteria at the 12th postoperative week.

Results: Fifty patients (58% males and 42% females) with an average age of 79.7 months (range=15-164 months) were included in the study. 
All of the patients had closed fractures. Surgical open reduction rate was 30% (n=15), with 20% (n=5) in the early group and 40% (n=10) in 
the late group. Patients were evaluated according to Flynn criteria at the 12th week of outpatient follow up. In the early group, 92% (n=23) 
and 8% (n=2) of patients had excellent and good cosmetic results, respectively; 64% (n=16), 28% (n=7), 4% (n=1), and 4% (n=1) had excellent, 
good, moderate, and poor functional results, respectively. When the outpatient clinic records of the late group patients were examined, 88% 
(n=22) and 12% (n=3) had excellent and good cosmetic results, respctively, and 52% (n=13), 24% (n=3), 16% (n=4), and 8% (n=2) had excellent, 
good, moderate, and poor functional results, respectively. No significant difference was found between the two groups in terms of cosmetic 
and functional results (p=0.641 and p=0.260, respectively). However, it was observed that patients operated with a closed method had better 
functional outcome than those treated by open surgery (p<0.001).

Conclusion: There was no significant difference between the early and late groups in terms of cosmetic and functional durations of the cases. 
However, we identified that early surgical treatment reduces operative time, C-arm fluoroscopy usage, hospitalization, and open surgery ratio. 
We propose that Gartland type III supracondylar humeral fractures should be treated with closed surgical methods within the first 12 hours 
considering the negative effect of open reduction on functional outcomes.
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INTRODUCTION
The second most common fracture seen in the pediatric age 

group is the supracondylar humeral fracture. It constitutes 

approximately 50% of fractures around the elbow (1). These 

type of fractures are usually seen in the left upper extremity of 

boys aged 5-6 years (2). According to the Gartland classification, 

approximately 97-99% of these fractures are extension types. The 

injury mechanism is falling on an open hand when the elbow 

extended. In such fractures, the proximity of the neurovascular 
structures in the antecubital region to the fracture site increases 
the risk of direct injury and the risk of indirect damage due to 
pressure caused by the hematoma.

The aim of the treatment of pediatric supracondylar humeral 
fractures is to allow elbow movement as soon as possible. 
Treatment options range from closed reduction and plaster 
fixation to open surgery. According to Gartland classification, 
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extension type III fractures should be treated surgically, because 

they are unstable with a risk of damage to neurovascular 

structures (3). In surgical practice, closed reduction and 

percutaneous pinning (CRPP) are the gold standard of surgical 

treatment. In cases where closed surgery is not enough to 

achieve anatomical reduction, switching to open surgery 

should be considered (4).

Complications of open or closed surgical treatment include pin-

track infections, iatrogenic neurovascular injury, cubitus varus, 

hyperextension deformities (4).

In this study, we aimed to evaluate the effect of surgical treatment 

timing applied to Gartland extension type III humerus fractures 

in the pediatric age group on the functional and cosmetic 

outcomes determined using Flynn criteria and to compare them 

with literature.

METHODS
After approval from the local ethics committee (Okmeydanı 

Training and Research Hospital 06.02.2018-827), medical records 

of patients admitted to our emergency orthopedics department, 

with the diagnosis of Gartland type III supracondylar humeral 

fracture were obtained. Those who had undergone surgery were 

included in our study. Informed consent was obtained from all 

individual participants. Fifty cases under the age of 15 years were 

included in the study. Patients were divided into two groups: 

early group (those operated in the first 12 hours after trauma) 

and the late group (those operated after 12 hours). Both groups 

consisted of 25 patients.

The age, gender, fracture side, time to surgery, open or closed 

surgical treatment, use of C-arm floroscopy, incision site of the 

patients who underwent open reduction and hospitalization 

time were recorded.

Functional and cosmetic outcomes of the patients were 

determined using the Flynn criteria (5) (Table1) with face-to-face 

interview at a 12 weeks postsurgery outpatient clinic follow-up 

visit. Patients were followed up with k-wire dressings, withdrawal 

of the wires based on radiological fracture healing findings, and 

the duration was recorded. Early complications such as pin tract 

or wound infection were investigated.

Inclusion criteria;

• Patients under 15 years,

• Gartland type III supracondylar humeral fractures,

• Surgically treated patients,

• Available hospitalization and outpatient clinic records.

 Exclusion criteria;

• Open fractures,

• Patients with second fractures of the same extremity,

• Fractures with neurovascular deficit were not included in the 

study.

Statistical Analysis

SPSS (Statistical Package for Social Sciences) 21.0 and Microsoft 

Office Excel 2016 programs were used for statistical analysis. 

Shapiro-Wilk test was used to determine whether the study 

findings were in normal distribution. Comparisons between 

groups was done using independent t-test or analysis of variance. 

The Mann-Whitney U test was used for the non-parametric data. 

All statistical tests were two-sided and statistical significance was 

set at p=0.05. The results were analyzed on a 95% confidence 

interval basis.

RESULTS
There were 29 males (58%) and 21 females (42%) in the study. 

The mean age was 79.7±43.6 months (range=15-164 months). 

Sixteen of the cases were right sided fractures. No statistically 

significant difference was found between the two groups as 

regards gender distribution, age, and fracture sides (Table 2).

All patients received premedication by anesthesists under 

emergency conditions before operation. Patients in the early 

group were operated within the first 12 hours and the mean 

time was 7.08±1.8 hours. Patients in the late group were 

operated after at least 12 hours of admission and the mean 

time was recorded as 21.8±4.5 hours. The mean postoperative 

duration of hospitalization was 1.8±0.4 days in the early group 

and it was 2.7±1.3 days in the late group. The hospitalization 

period of the patients who were operated in the early period 

Table 1. Flynn criteria (5)

 

 

Cosmetic Functional

Carrying angle 
loss (°)

Total ROM of elbow 
loss (°)

Satisfactory

Excellent 0-5 0-5

Good 6-10 6-10

Fair 11-15 11-15

Unsatisfactory

Poor >15 >15

ROM: Range of motion
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was statistically significantly shorter than those in the late group 

(p=0.002) (Table 2).

All patients were operated by the same surgical team. The 

mean duration of surgery was 36.4±14.4 minutes in the 

early group and 58.2±23.1 minutes in the late group. When 

the C-arm fluoroscopy usage times during the operation were 

examined, it was 10.9±1.8 seconds in the early group and 

22.3±2.2 seconds in the late group. Operation and C-arm 

fluoroscopy usage times were significantly lower in the early 

group (p <0.001) (Table 2).

Open surgical reduction ratio was 30% (n=15) in all patients. 

Five of these patients were in the early group, 3 were operated 

by lateral incision, and 2 were operated by lateral and medial 

approaches. The remaining 10 patients were part of the late 

group. Four of them were operated by lateral and the others 

by lateral and medial approaches. There was no statistically 

significant difference between the groups in terms of surgical 

reduction method (p=0.127). However, patients treated by 

closed surgery had significantly lower age, hospitalization, 

and operation times than those treated by open surgery 

(p<0.001) (Table 3). In addition, it was observed that patients 

operated with closed method had better functional outcome 

than those treated by open surgery (p<0.001) (Figure 1). None 

of the patients had neurovascular complications in the early 

postoperative period. The mean duration of pin removal was 

7.1±0.9 weeks in the early group and 6.9±0.8 weeks in the 

late group. No statistically significant difference was observed 

between both groups in terms of pin removal times (p=0.777). 

In the outpatient follow up, only one patient had superficial 

pin-track infection and was treated with oral antibiotherapy.

Patients were evaluated according to Flynn criteria at the 12th 

week of outpatient follow up. In the early group, 92% (n=23) and 

8% (n=2) of patients had excellent and good cosmetic results, 

respectively; 64% (n=16), 28% (n=7), 4% (n=1), and 4% (n=1) 

had excellent, good, moderate, and poor functional results, 

respectively. When the outpatient clinic records of the late group 

patients were examined, 88% (n=22) and 12% (n=3) had excellent 

and good cosmetic results, respctively, and 52% (n=13), 24% 

(n=3), 16% (n=4), and 8% (n=2) had excellent, good, moderate, 

and poor functional results, respectively. No significant difference 

was found between the two groups in terms of cosmetic and 

functional results (p=0.641 and p=0.260, respectively).

DISCUSSION
Surgical treatment is the preferred treatment for Gartland 

extension type III supracondylar fractures, in order to provide 

normal function and to prevent deformity (1-3). CRPP is the gold 

standard of surgical treatment. In cases where closed surgery is 

not enough to achieve adequate anatomical reduction and stable 

fixation, switching to open surgery should be considered (6). All 

the 50 patients included in the study had Gartland extension 

type III supracondylar humeral fractures and were treated and 

followed up by the same surgical team.

In literature, the rate of open presentation of humeral distal pole 

fractures varies between 5% and 10% (2). All patients in our series 

presented to the emergency department with closed fractures. 

Supracondylar humeral fractures are often seen in children 

under 10 years of age. The mean age of the patients in our study 

was 6.6 years (range=1-13 years). Males (58%) and left upper 

extremity (68%) were dominant in accordance with literature (2).

When supracondylar humeral fractures are treated with CRPP, 

hospitalization periods are shorter than with open surgery, 

and there is a decrease in the incidence of complications such 

as infection and joint stiffness. However, in patients with no 

satisfactory results after closed reduction due to high fracture 

displacement, swelling, edema, and soft tissue damage, open 

precedures should be considered (7-9). In our study, patients 

who were operated upon late or underwent open surgery 

had a longer hospital stay than other patients. Although there 

Table 2. Demographic data of patients

Early 
group

Late 
group

p 
values

1-ββ 
values

Gender 0.77*

Female 
Male

10 (20%) 
15 (30%)

11 (22%) 
14 (28%)

Age (months) 68±28.8 90±53 0.08**

Side 
Right 
Left

 
9 (18%) 
16 (32%)

 
7 (14%) 
18 (36%) 0.54**

Admission peirod 
(day) 1.8±0.4 2.7±1.3 0.002 91%

Surgery time (minute) 36.4±14.4 58.2±23.1 <0.001 98%

C-arm fluoroscopy 
usage time (second) 10.9±1.8 22.3±2.2 <0.001 99%

*Mann-Whitney U test, **Student t-test

Table 3. Comparison of patients between surgical reduction 
groups

Closed 
surgery

Open 
surgery

p 
values

1-ββ 
values

Age (months) 68±39.8 109±36.8 <0.001 97%

Admission peirod (day) 1.9±0.5 3±1.6 <0.001 91%

Surgery time (min) 40±12.1 63±10.6 <0.001 99%
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are publications reporting 73% of open surgery rate, this rate 

is between 10% to 15% on average, in literature (9-12). In our 

series, open reduction was performed in 15 cases (30%), higher 

than that in literature. Despite the absence of significant data, 

we thought that this high rate was due to delayed transfer of 

patients from the primary and secondary health care facilities 

to the upper center where definitive treatment was done. This 

delay causes an increase in soft tissue swelling and edema, 

which prevents effective closed surgery.

Early surgical treatment affects both cosmetic and functional 

results and reduces complication rates (13). There was no 

significant difference between the groups in terms of cosmetic 

and functional results. However, when the patients were divided 

into groups in terms of surgical method, functional results of the 

patients treated with open surgery were significantly worse than 

closed surgical group.

Supracondylar humeral fractures are one of the orthopedic 

emergencies (2). Prolonged preoperative waiting times are 

effective in increasing the regional soft tissue swelling and 

thus, reduce the chance of closed reduction. There is no 

consensus in literature on the effect of prolonged waiting time 

on complications and outcomes. In some studies, the results 

obtained from open or closed surgical treatment within 12 

hours are not different from the ones operated after 12 hours 

(14,15). Conversely, there are publications that suggest that early 

surgery facilitates surgical fracture reduction (16). In our study, 

no difference was found between the patients who underwent 

surgery in the early and the late groups, in terms of cosmetic 

and functional results.

According to Flynn criteria, Fowles and Kassab (17) reported 

87.5%, Davis et al. (18) 80% and Sharma et al. (19) achieved 90% 

satisfactory results. We found a rate of 94%, which is consistent 

with that found in literature.

One of the most common early complications of open or closed 

surgical treatment of supracondylar humeral fracture is pin tract 

infection. In literature, the frequency of pin tract infection varies 

and is found between 2.5% and 35.6% (20,21). Acute nerve injury 

data have also been reported between 10% and 20% (18). No 

acute nerve injury was observed in our study, and only 1 patient 

(2%) developed superficial pin tract infection, treated with oral 

antibiotherapy. 

CONCLUSION
In conclusion, unstable supracondylar humeral fractures are 

common in childhood, and require urgent surgical intervention. 

The main purpose is to provide early anatomic reduction and 
stabilization and achieve satisfactory functional and cosmetic 
results subsequently.

There was no significant difference observed in terms of waiting 
time for surgery and cosmetic and functional outcomes of 
patients. However, we observed that early surgical treatment 
reduces operative time, C-arm fluoroscopy usage, hospital 
stay, and open surgery ratio. We propose that Gartland type 
III supracondylar humeral fractures should be treated with 
closed surgical method within the first 12 hours considering the 
negative effect of open reduction on functional outcomes.
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