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Çocuk Ön Kol Kırıklarının Cerrahi Tedavisinde Elastik Stabil Kanal-İçi Çivileme: 
Otuz Dört Hastanın Retrospektif Analizi

Aim: The purpose of this investigation was to present our institutional 
experience of 34 pediatric both bone forearm fractures treated with 
titanium elastic intramedullary nails. 

Methods: Thirty-four patients, who were treated with titanium elastic 
nail for both bone forearm fractures diagnosis between 2011 and 
2016, were included in the study. Clinical and radiological evaluation 
of the patients was retrospectively analyzed. 

Results: Bone healing process was completed for all patients at a 
mean of 6.6 weeks. The implants were removed at a mean time of 
9.7 months from the index operation. Complications, including skin 
infections at the entry side of the nail, were recorded in three (8.82%) 
patients. These three patients had type 1 open fracture according to the 
Gustilo-Anderson classification and were treated with first generation 
cephalosporins. In a subjective measure of outcome during follow-up, 
it was observed that 33 patients (97.06%) were very satisfied and one 
(2.94%) was satisfied; no patient reported being not satisfied. 

Conclusion: Since titanium elastic nailing is a safe and effective 
method of treatment with advantages of easy implantation and 
removal as well as excellent cosmetic and functional results, elastic 
stable intramedullary nailing is the first treatment option that should 
be considered in pediatric both bone forearm fractures. 
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Amaç: Çocuk önkol çift kırıklarının cerrahi tedavisinde elastik 

intramedüller çivileme uyguladığımız 34 hastanın sonuçlarını 

değerlendirmektir.

Yöntemler: Çalışmaya 2011-2016 yılları arasında önkol çift kemik 

kırığı tanısı ile titanyum elastik çivi uyguladığımız 34 hasta dahil edildi. 

Hastaların klinik ve radyolojik takipleri geriye dönük analiz edildi.

Bulgular: Hastalarda ortalama kaynama süresi 6,6 haftaydı. 

İmplantların çıkarılma zamanı ortalama 9,7 aydı. Hastaların üçünde 

(%8,82) çivi giriş yerinde deri enfeksiyonu tespit edildi. Bu üç hasta 

Gustillo Anderson sınıflamasına göre tip 1 açık kırık olan hastaydı 

ve birinci kuşak sefalosporin ile tedavi edildi. Bir hasta dışında tüm 

hastalarda (%97,06) klinik ve radyolojik olarak Price kriterlerine göre 

mükemmel sonuç elde edildi.

Sonuç: Klinik ve radyolojik sonuçlarının iyi olması, uygulama tekniğinin 

ve implant çıkartılmasının kolay olması, daha az yumuşak doku hasarına 

yol açması nedeniyle çocuk önkol çift kırıklarının cerrahi tedavisinde 

elastik stabil intramedüller çivileme uygulamasının iyi bir seçenek 

olduğunu düşünüyoruz.

AnahtarSözcükler: Titanyum elastik çivi, önkol kırığı, pediatrik
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Introduction
Pediatric forearm fractures are common injuries among 

children, comprising 3% to 6% of all pediatric fractures (1-
3). Treatment with closed reduction and cast immobilization 
is still the gold standard for most of the pediatric 

forearm fractures (4). However, unstable or open injuries 
often require surgical treatment to maintain adequate 
alignment (5). Intramedullary fixation with titanium elastic 
nails (TENs) has emerged as the most common method 
for fixation of forearm fractures in skeletally immature 
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patients (6). The biomechanical principal of TENsis based 
on the symmetrical bracing action of two elastic nails 
inserted into the metaphysis, each of which bears against 
the inner bone at three points (7,8). This produces the 
following four properties that are essential for achieving 
optimal results; flexural, axial, translational and rotational 
stability (7). Elastic stable intramedullary nailing (ESIN) has 
the benefits of early immediate stability to the involved 
bone segment, which permits early mobilization and 
return to the normal activities of the patients, with very 
low complication rate (9,10). The purpose of this study 
was to demonstrate our experience of ESIN treatment of 
34 pediatric both bone forearm fractures and discuss in 
the context of the literature.

Methods
We performed a retrospective analysis of records 

of children with both bone forearm fractures and open 
epiphyseal plates, treated with ESIN between January 2011 
and December 2015 in the Department of Orthopedics and 
Traumatology at Haseki Training and Research Hospital, 
İstanbul, Turkey. Approval for this retrospective study was 
granted by our institutional review board, and all patients 
provided written informed consent before enrolment. 
Thirty-four patients, who were treated with TENs for the 
pediatric both bone forearm fractures, were included in 
the study. Patients without appropriate reduction were 
operated. Inappropriate reduction: for children younger 
than eight years; full displacement fracture or angulation 
of 15 degrees, for children older than eight years; 10 
degrees of angulation or full-displacement on antero-
posterior or lateral plane radiographs.

All the patients were operated under general 
anesthesia. The patients were placed in the supine 
position with the upper limb on a radiolucent side table. 
The first bone to be fixed was the one that is easiest to 
reduce. Preferably closed reduction of radius was achieved 
under image intensifier and radial fracture was fixed with 
the nail advanced in a retrograde fashion through a drill 
hole just proximal to the distal radial epiphysis. Optimal 
care was taken not to injure the extensor tendons and 
superficial radial cutaneous nerve. The tip of the radial 
nail was bent to about 15 to 30 degrees for easy passage 
of the pin through the medullary cavity. Ulnar fracture 
was fixed with a nail which was inserted in an antegrade 
fashion through the olecranon. The diameter of the nails 
ranged between 2 and 3 mm, depending on the child’s 
age and size of the bone. It was noted that the diameter 
of the nail had filled at least 50% of the inner diameter of 
the diaphysis and the nails did not pass the epiphysis. The 
curved ends were buried under the skin in all cases. The 
skin incisions were sutured.

Post operatively, a long arm splint was used in all cases 
for two weeks. Physiotherapy was started as early as 
possible. Intermittent extension and flexion of the elbow 
and wrist was allowed by the second day after operation. 
Supination and pronation was allowed only after three 
weeks.

Clinical results were evaluated according to the scale 
developed by Price. According Price, absence of complaints 
with strenuous physical activity or a loss of pronation-
supination less than 10 degrees can be considered as 
excellent, good if mild complaints with strenuous activity 
and/or 11°-30° loss of forearm rotation; fair if subjective 
complaints during daily activities or 31°-90° loss of forearm 
rotation and all other results were considered poor (11).

StatisticalAnalysis

Descriptive statistics were completed including percent, 
mean, and range using Microsoft Excel, 2010. 

Results
Thirty patients were male and four were female. The 

fractures were right sided in 14 patients and left sided in 
20. Twenty-seven of the forearm fractures were closed and 
seven were type 1 open fracture according to the Gustilo-
Anderson classification. Six fractures were located at distal 
1/3, 24 at middle 1/3 and four at proximal 1/3. The average 
age of the patients was 10.8 years, and the mean follow-
up period was 25.5 months. Demographic characteristics 
of the patients and the treatments are shown in Table 1. 
Radiologically, the presence of callus formation and the 
absence of pain and sensitivity due to clinically forearm 
movements were considered union. The mean time to 
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Figure 1. (a) Anterior posterior and lateral views of a eight 
years-old boy with a type 1 open diaphyseal both-bone forearm 
fracture (b) treated with closed reduction and elastic stable 
intramedullary nailing of the radius and ulna (c) postopereative 
4th weeks, callus formation visible (d) one year later, the nails are 
removed 
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fracture union was 6.6 weeks. Complications including 

skin infections at the entry side of the nail were recorded in 

3 (8.82%) patients. These three patients had type 1 open 

fracture according to the Gustilo-Anderson classification 

and treated with first generation cephalosporins. There 

were no cases of delayed union, non-union or mal-union. 

In a subjective measure of outcome during follow-up, 33 

patients (97.06%) were found to be very satisfied and one 

patient (2.94%) was observed to be satisfied; no patient 

reported being not satisfied. The implants were removed 

under general anesthesia as a day surgery procedure 

without difficulty at a mean time of 9.7 months after the 

Table 1. Summary of the patients with intramedullary fixation of forearm fractures

P Age 
(years)

Gender Side Reduction Complications Implant removal 
(months)

Time to 
union
(months)

Follow-up
(months)

1 13 m L Closed no 8 8 28

2 14 m R Open no 6 8 24

3 14 m L Closed no 10 6 24

4 13 m R Closed no 7 7 22

5 11 m R Closed no 8 6 24

6 10 m L Closed no 9 6 24

7 13 m R Closed no 12 7 36

8 11 m L Open inf 8 6 24

9 12 m R Closed no 11 6 36

10 11 m L Closed no 13 6 36

11 11 m L Closed no 14 7 38

12 14 m R Closed no 10 9 36

13 9 m L Closed inf 10 6 40

14 8 m L Open no 12 8 26

15 12 m R Closed no 11 7 24

16 11 m L Closed no 10 6 22

17 14 m L Closed no 12 6 24

18 10 m R Closed no 13 6 26

19 11 m L Open no 11 8 28

20 7 m R Closed no 6 6 22

21 10 m L Closed no 8 8 22

22 14 f L Closed no 6 7 18

23 9 m L Open inf 10 6 18

24 9 m L Closed no 10 6 20

25 10 m L Closed no 9 6 20

26 13 f R Open no 10 8 22

27 9 m L Closed no 10 7 28

28 8 m L Closed no 9 6 28

29 10 m R Closed no 12 6 22

30 10 m L Closed no 12 7 22

31 14 m R Closed no 16 6 24

32 12 m R Open no 9 7 24

33 7 f L Closed no 6 6 20

34 5 f R Closed no 5 5 18

P: Patient, m: Male, f: Female, R: Right, L: Left, inf: Skin infections at the entry side of the nail
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index operation. During follow-up, all patients completed 
bone healing and regained a full range of motion after 
rehabilitation (Figure 1).

According to the Price criteria, the result was excellent 
in 97.06% of patients. Wrist, forearm and elbow 
movements were full in all patients except one. The 
patient had 10 degrees of wrist dorsiflexion and regained 
full wrist motion after implant removal. Forearm rotation 
loss detected in none of the patients.

Discussion
Most of forearm fractures can be treated successfully 

by closed methods and cast application with satisfactory 
results with displaced forearm, a recognized failure rate 
has been reported to be 7-32% and some of the indications 
for operative intervention are open fractures, irreducible 
fractures, unstable fractures, pathological fractures, 
fractures with neurovascular compromise, malunions, 
and refractures (6,12). Flexible intramedullary nailing is a 
preferred fixation method for pediatric forearm fractures. 
Most series showed good to excellent results using this 
method (13-15). The rate of complications associated with 
TENs has been reported to be 15-67% in the literature 
(16,17). Flynn and Waters (18) reported a complication 
rate of 14.6%, however, Shah et al. (19) reported that 
the complication rate was 0%. In their study, Antabak 
et al. (20) found a complication rate of 25% among 88 
patients. Kruppa et al. (17) reported a complication rate 
of 8.9%, 6.9% of which underwent reoperation. In our 
study, complications including infections at the entry 
side of the nail were recorded in three (8.82%) patients. 
Complications such as refracture, rupture of the extensor 
pollicis tendon, epiphyseal damage, angular or rotational 
deformity, synostosis and damage to the sensory branch 
of the ulnar nerve were not seen in any patient. In a 
subjective measure of outcome during follow-up, 97.06% 
of patients were very satisfied and 2.94% satisfied; no 
patient reported being not satisfied. 

Conclusion
Since TEN is a safe and effective method of treatment 

with the advantages of excellent cosmetic and functional 
results, it is the first treatment option that should be 
considered in pediatric both bone forearm fractures. Its 
retrospective and non-comparative nature is a limitation 
of our study. Similar studies with a nonoperative control 
group or comparative studies with other operative 
techniques and longer duration of follow-up are needed 
for drawing a definite conclusion.
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