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ABSTRACT

BACKGROUND: Supracondylar humerus fracture is the most common fracture of the elbow in children. Closed reduction and per-
cutaneous pinning is considered to be the optimal treatment strategy; however, in some instances, open reduction may be necessary. 
The aim of this retrospective study was to compare clinical and functional results of triceps-splitting posterior versus lateral approach 
in pediatric supracondylar humerus fracture surgery.

METHODS: A total of 38 patients underwent surgery; Group 1 consisted of 30 patients on whom posterior approach was used, 
while lateral approach was used on the 8 patients in Group 2. Flynn criteria were used to evaluate cosmetic and clinical results. 
Fracture healing was assessed with anteroposterior and lateral x-rays. Patients and parents were asked to describe time needed for 
complete return of full elbow range of motion (ROM) and overall satisfaction.

RESULTS: Mean fracture union time was 44.1 days and 46.3 days, and time required to regain complete or near complete elbow 
ROM was 57.5 days and 55.7 days after splint removal for Group 1 and Group 2, respectively. Twenty-one of 30 (70%) patients (and 
parents) in Group 1, and 6 of 8 (75%) patients (and parents) in Group 2 were totally satisfied with the results. Twenty-one of 30 (70%) 
patients in Group 1, and 6 of 8 (75%) patients in Group 2 had excellent cosmetic and functional results according to Flynn outcome 
criteria.

CONCLUSION: In cases of pediatric supracondylar humerus fracture, early closed reduction and percutaneous pinning is preferred; 
however, when this method is not applicable, triceps-splitting posterior approach is a safe and comparable method to lateral approach 
with advantages of easier fracture reduction and shorter operating time.
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optimal treatment for most supracondylar fractures.[4] How-
ever, open reduction may be necessary in cases of irreducible 
fragments, open fractures, or when there is neurovascular 
injury.[5–7] Lateral, medial, or posterior approach may be used.
[8] Posterior approach is an easy approach, but it is not usually 
recommended due to complications such as osteonecrosis of 
the trochlea[2] or stiffness due to wide dissection.[9,10] Some 
authors, however, have stated that there was no significant 
difference in clinical results.[11] The aim of this retrospective 
study was to compare the clinical and functional results of 
posterior versus lateral approach in surgical treatment of pe-
diatric supracondylar humerus fracture.

MATERIALS AND METHODS

The institutional review board approved the chart review for 
this study, and informed consent was obtained from all pa-
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INTRODUCTION

Supracondylar humerus fracture is the most common frac-
ture encountered in children.[1–3]

Closed reduction and percutaneous pinning is considered the 
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tients. Medical records of 138 children with supracondylar 
humerus fracture who were operated on at the institution 
between January 2008 and November 2013 were retrospec-
tively reviewed.

Patients with Gartland Type III fractures[12] who underwent 
open reduction with either posterior or lateral approach 
and cross-pin fixation were included in the study. Exclusion 
criteria were open fracture or fracture of the ipsilateral up-
per limb, inadequate radiographs, incomplete data, or loss to 
follow-up.

A total of 38 patients (23 boys and 15 girls) matched these 
criteria. Mean age of patients at the time of surgery was 7.8 
years (range: 5.1–12.7 years), and mean follow-up time was 
4.2 years (range: 1.4–7.2 years) (Table 1).

All patients underwent surgery on the day of fracture under 
general anesthesia and in a supine position. Approach was 
chosen based on the surgeon’s experience. For posterior ap-
proach, after application of tourniquet, a 5 cm skin incision 
was made beginning 2 cm superior to olecranon and extend-
ing proximally on midline of the arm. Triceps fascia was cut 
and bone exposed by splitting triceps muscle on midline. Re-
duction of fracture under direct visualization was followed by 
repair with 2 or 3 cross K-wires, 1 or 2 from lateral epicon-
dyle and 1 from medial epicondyle (Fig. 1a, b). Triceps muscle 
and fascia were repaired with 4 to 5 interrupted absorbable 
sutures and then skin was closed. Long arm splint was applied 
for 4 weeks. Pins were extracted in the clinic 2 weeks after 
splint removal. For lateral approach, a 4 to 5 cm skin incision 
over lateral bony prominence was made and fracture was ex-
posed, but since direct visualization in this approach was not 
complete (Fig. 3), indirect fracture reduction was performed 
by manipulation with fingers and tools. For medial pin inser-

tion, a 2 cm incision was made on medial epicondyle, condyle 
was exposed, and pin was placed directly in the humerus in 
order to protect ulnar nerve. Remainder of operation and 
follow-up period was the same as for posterior approach.

Patient outcomes were evaluated using Flynn criteria[5] at final 
follow-up visit (Table 2).

Complications such as reduction loss, pin migration, infec-
tion, osteonecrosis of any part of the elbow, bone healing, 
and functional results were evaluated. 

Plain anteroposterior and lateral radiographs of the elbow 
taken on first postoperative day and date of pin removal were 
used to assess loss in reduction (Figs. 2a, b and 3a, b). Patients 
and parents were also asked about overall satisfaction.

Statistical methods designed for independent observations 
were used. Mean and standard deviation were calculated. 
Non-continuous variables were compared using chi-square 
test, and Spearman’s correlation analysis was applied to test 
associations of variables. Relationship between clinical out-
come and range of motion (ROM) at final follow-up were 
evaluated with Mann-Whitney U test. All analyses were per-
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Table 1.	 Demographic data of the groups

Groups	 Group1	 Group2

Number of patients	 30	 8

Mean age (years)	 7.8	 7.9

Girl/boy ratio	 12/18	 3/5

Mean follow-up time (months)	 50.32	 50.41

(a) (b)

Figure 1. (a, b) Anteroposterior and lateral view of the left elbow of a 9-year-old girl with a  supracondylar humerus 
fracture that occurred in a fall on outstretched hand and extended elbow.
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formed using SPSS statistical software (version 21.0; SPSS 
Inc., Chicago, IL, USA).

RESULTS

There were 36 Gartland type III fractures and 2 type II frac-
tures in the study. No loss of reduction, pin migration, osteo-
necrosis, or nonunion was recorded. Superficial pin infection 
was noted in 3 patients: 2 patients in Group 1 and 1 patient 
in group 2, which were resolved with oral antibiotic treat-
ment and saw no additional complication. All fractures healed 
uneventfully.

Mean splinting period was 31.97 days (range: 26–44 days) for 
Group 1, and 31.75 days (range: 24–41 days) for Group 2. 
The difference is not statistically significant (p<0.05).

Pin removal took place upon fracture union. Mean fracture 
union time was 44.1 days and 46.3 days, and time for com-
plete or near complete return of the elbow ROM was 57.5 
days and 55.7 days after splint removal for Group 1 and 
Group 2, respectively. These differences were not statistically 
significant (p<0.05).

Twenty-one of 30 (70%) patients (and parents) in Group 1, 

Ulus Travma Acil Cerrahi Derg, September 2016, Vol. 22, No. 5 485

(a) (b)

Figure 2. (a, b) Anteroposterior and lateral x-rays taken at the 
fourth week following surgery.

Figure 3. (a, b) Anteroposterior and lateral x-rays taken after pin 
extraction in the clinic at sixth week after surgery.

(a) (b)

Table 2.	 Flynn criteria[5] for grading results

Results	 Rating	 Cosmetic factor:	 Functional factor:
		  Loss of carrying angle (degrees)	 Loss of motion (degrees)

Satisfactory	 Excellent	 0–5	 0–5

	 Good	 6–10	 6–10

	 Fair	 11–15	 11–15

Unsatisfactory	 Poor	 >15	 >15

Table 3.	 Statistical analysis of differences between the 2 groups in length of time to achieve
			   fracture union, patient and parent satisfaction, Flynn cosmetic and functional criteria, and 

time required to regain full elbow range of motion. None of the differences were found
			   to be statistically significant

Groups	 Group 1	 Group 2	 p

Fracture healing (days)	 44.1 (30–56)	 46.3 (40–55)	 <0.05

Full satisfaction	 21/30 (70%)	 6/8 (75%)	 <0.05

Flynn cosmetic	 21/30 (70%)	 6/8 (75%)	 <0.05

Flynn functional	 21/30 (70%)	 6/8 (75%)	 <0.05

Complete range of motion (days)	 57.5 (40–70)	 55.5 (50–65)	 <0.05



and 6 of 8 (75%) patients (and parents) in Group 2 were 
totally satisfied with the results; there was no statistically sig-
nificant difference between groups (p<0.05).

According to Flynn cosmetic and functional criteria, all the 
results were satisfactory; there were no fair or poor scores. 
As in the patient satisfaction assessment, 21 of 30 (70%) pa-
tients in Group 1, and 6 of 8 (75%) patients in Group 2 had 
excellent cosmetic and functional outcomes according to the 
ranking criteria. Differences in all these results were not sta-
tistically significant (p<0.05) (Table 3).

Correlation between variables was evaluated using Spear-
man’s correlation analysis. Full satisfaction was negatively cor-
related with Flynn criteria (Flynn score of 1 is excellent, 2 
is good), and negatively correlated with fracture union and 
length of time to full ROM. Time required to achieve full 
ROM was correlated with fracture union time and splinting 
time. Age was correlated with Gartland classification; older 
children had highest level of classification (type III) (Table 4).

DISCUSSION
Supracondylar humerus fracture is the most common surgi-
cally treated fracture seen during childhood.[13] Treatments 
for displaced supracondylar humerus fracture are closed re-
duction and internal fixation or open reduction and internal 
fixation,[13] and numerous surgical techniques have been de-
scribed in the literature.[13,14] Anatomical reduction and stable 
fixation with good cosmetic appearance and full ROM are 
the treatment goals.[7,9] Closed reduction and percutaneous 
pinning is the commonly accepted primary method of treat-
ment.[13,14] Under some conditions, however, such as soft tis-
sue entrapment, severely displaced fracture, very edematous 
elbow, open fracture, or neurovascular injury, open reduction 
may be required.[5–7,15,16]

A lateral, medial, anterior, or posterior approach can be used 
for open reduction.[8,17] Most surgeons prefer medial or lat-
eral approach,[5,18] but anterior approach is also a safe and 
simple method.[6,19,20] Though lateral approach is widely used, 
it has been stated that unsatisfactory reduction, and there-
fore objectionable clinical results, are of high probability in 
cases of exploration of only one cortex.[21]

There is a scarcity in the literature about posterior approach 
for pediatric supracondylar fracture surgery. There are a few 
reports describing posterior exposure; however, fracture 
sites were reached via lateral or medial paratricipital ap-
proach,[9,22] or through a tongue-shaped flap of the aponeuro-
sis with division of the remaining muscle fibers.[10] In these ap-
proaches, the surgeon must find and protect the ulnar nerve, 
which prolongs operation time.[9,10,22] Additionally, risk of neu-
ropraxia is higher with exploration of the nerve rather than 
keeping it safely in cubital tunnel, since ulnar nerve palsies 
after open reduction are usually a traction injury.[23] In Group 
1 of the present study, the triceps was split on the midline, 
allowing direct access to the fracture site and easy reduction 
of fracture. Ulnar nerve exploration and protection were not 
required since pin insertion could be directly observed.

Splitting the triceps muscle provides wide exposure; however, 
it has been stated that cutting the muscle prevents early re-
habilitation and therefore extension loss is common.[24] The 
immobilization period is usually 2–4 weeks after all types of 
pediatric supracondylar surgeries. Mean immobilization pe-
riod was about 32 days in present study groups, so authors 
suggest that splitting the triceps for several centimeters does 
not prevent routine rehabilitation. It may be true for adults, 
however, because of a wider approach for distal humerus 
fracture and probably a longer immobilization period.

Traditionally, acute treatment of pediatric supracondylar frac-
tures within 8 hours of the trauma is recommended in or-
der to decrease risk of complications such as compartment 
syndrome, infection, and nerve injury, as well as to prevent 
increased swelling.[10,11,25] Poor results after open reduction 
and fixation are believed to be result of delay in treatment.[26] 
Present study operations were all performed on first day of 
admission, which likely contributed to low rate of complica-
tions (3 superficial pin infections).

A weakness of this study may be imbalance in the number of 
group participants; however, statistical analysis was possible. 
Clinical outcomes and Flynn criteria were recorded by differ-
ent residents on duty in the clinic, which could have affected 
the evaluation process. We found better results than expect-
ed with no poor outcomes. However, satisfaction was rated 
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Table 4.	 Spearman’s correlation analysis of relationship between variables. Numbers are r-values and 
negative numbers show counter correlation

Variable	 Flynn criteria	 Time for union	 Time for ROM	 Gartland type 

Satisfaction	  -1	 -4.65	 -5.29	 Not significant

Time for union	 -4.65	 Not applicable	 0.86	 Not significant

Splinting time	 Not significant	 0.38	 0.39	 Not significant

Age	 Not significant	 Not significant	 Not significant	 0.39

ROM: Range of motion.



by the patient and the parents, and these results correlated 
with clinical outcomes and Flynn criteria. Another weakness 
of the study is that we did not perform any measurements 
on last x-rays. Humeral-ulnar angle,[23] Baumann’s angle, and 
lateral humerocapitellar angle[3] are among the measurements 
that can be used to evaluate accuracy of reduction and align-
ment of the extremity. Additionally, we did not record opera-
tion time, but since ulnar nerve was only explored in lateral 
approach, posterior approach may be more advantageous in 
terms of length of time required for surgery.

In summary, like many authors, we believe that early closed 
reduction and percutaneous pinning is the optimal choice 
of treatment for pediatric supracondylar humerus fracture. 
When this method is not applicable, triceps-splitting pos-
terior approach is a safe and comparable method to lateral 
approach with advantages of easier fracture reduction and 
shorter operation time.

Conflict of interest: None declared.
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Pediatrik suprakondiler humerus kırıklarının tedavisinde trisepsi kesen
posterior ve lateral yaklaşımın karşılaştırılması
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AMAÇ: Suprakondiler humerus kırıkları çocukluk döneminin en sık dirsek kırığıdır. Kapalı redüksiyon ve perkütan çivileme altın standart tedavi ola-
rak kabul edilir. Bununla beraber bazen açık redüksiyon gerekebilir. Bu geriye dönük çalışmamızın amacı suprakondiler humerus kırıklarında triseps 
kasını kesen posterior ve lateral yaklaşımların klinik ve fonksiyonel sonuçlarını karşılaştırmaktır.
GEREÇ VE YÖNTEM: Toplam 38 hasta posterior veya lateral insizyonla ameliyat edildi. Grup 1’de posterior insizyonlu 30 hasta, Grup 2’de lateral 
insizyonlu sekiz hasta mevcuttu. Kozmetik ve klinik sonuçları karşılaştırmak için Flynn kriterleri kullanıldı. Kırık kaynaması AP ve lateral grafilerle 
değerlendirildi. Hastalar ve ebeveynlerine dirseğini tam aktif  olarak ne kadar sürede hareket ettirebildiği ve tedavi sürecinden tatmin durumları 
sorularak kayıt tutuldu.
BULGULAR: Ortalama kaynama süresi Grup 1 ve Grup 2 için sırasıyla 44.1 gün ve 46.3 gün, tam veya tama yakın dirsek hareketlerine kavuşma 
süresi Grup 1 ve Grup 2 için sırasıyla atel çıkarımı sonrası 57.5 ve 55.7 gün olarak bulundu. Grup 1’deki 30 hastanın ve ebeveynin 21’i (%70), Grup 
2’deki sekiz hastanın ve ebeveynin altısı (%75) sonuçtan tam olarak tatmin olduklarını ifade ettiler. Grup 1’deki 30 hastanın 21’i (%70), Grup 2’deki 
sekiz hastanın ve altısı (%75) her iki Flynn kriterlerine göre (kozmetik ve fonksiyonel) çok iyi grupta yer aldı.
TARTIŞMA: Pediatrik suprakondiler humerus kırıklarının tedavisinde kapalı redüksiyon ve perkütan çivilemenin altın standart tedavi olduğuna ina-
nıyoruz. Bu metodun uygulanamadığı olgularda trisepsi kesen posterior yaklaşımın daha kolay kırık redüksiyonu ve muhtemelen daha kısa ameliyat 
süresi gibi avantajlarından dolayı güvenli ve lateral yaklaşımla karşılaştırılabilir olduğunu düşünüyoruz.
Anahtar sözcükler: Posterior yaklaşım; suprakondiler humerus kırığı; triseps.
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