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Abstract
Background: In recent years, most fractures of the long shaft of the lower limbs in children caused by a car accident are mostly open fractures, commonly occur in the tibia and fibula, and are often combined with different degrees of injury of the skin and soft tissue. The purpose of this study is evaluation of usage of external fixators as definitive management of open Fractures in pediatric patients.
Methods: External fixation technique was performed on 15 patients with open long bones fractures at Benha University Hospital's department of Orthopedics and Traumatology over a 12 to 24 weeks follow-up period. Results: The current study confirms that functional and radiological results using external fixation technique were good and statistically comparable with the other techniques.  Mean age of patients was 9.60 ± 3.07 ranged from 6 to 16 years. There was male predominance (73.3%). The Most common mechanism of injury was RTA (73.3%)  followed by direct fall of heavy object and localized trauma. The distribution of the studied cases according to Gustilo grade was grade 2 (53.3%) grade 3a (33.3) grade 3b (6.7%). The most common injured bone was tibia (80%). The average time of surgery was 87.0 ± 37.26 minutes. The patients started ROM immediate postoperatively (80%), after 2 weeks (13.3%) and after 5 months (6.7%) . Weight bearing started immediately in 3 cases , after 2 weeks in 2 cases and after 1 months in 10 cases. The average time of Radiological union was 4.27 ± 1.22 months . The average time of fixator removal 4.63 ± 1.14 months. Complications included skin infection (60%), Stiffness (26.7%) , NV problems (13.3%),pin fracture (6.7%) and refracture of bone (6.7%). 
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2. Introduction:
 most fractures of the long shaft of the lower limbs in children caused by a car accident are mostly open fractures, commonly occur in the tibia and fibula, and are often combined with different degrees of injury of the 
skin and   soft tissue.(1)

The ability of children to heal and reconstruct after fracture is strong. However, the skeleton of children is short, and the epiphysis is not closed. Hence, it is difficult to choose an appropriate internal fixation. In addition, since children do not cooperate when being treated for severe skin and soft tissue defects through traditional methods, once the treatment is not appropriate, severe adverse consequences such as infection, osteomyelitis, malformation, fracture nonunion and disability may occur.(2)

Associated injuries are common in these children and a systematic, organized approach must be used to avoid overlooked other injuries. A low energy injury that may occur with a sports-related activity is not likely to be associated with multiple system trauma. In contrast, an injury secondary to a high-speed automobile accident is likely to be accompanied by many injuries.(3)
Adequate anteroposterior and lateral radiographs of the hip and knee should be obtained to rule out such injuries. Finally, child abuse must always be considered in the infant presenting with a femoral fracture. Seventy percent of femoral fractures in children younger than three years of age have been reported to result from child abuse.(4)

3. Patients and Methods
  Patients
 There were 15 patients, 11 males and four females, who had open long bone fractures managed by external fixation technique at Benha University Hospital .
The surgical technique was explained to the patients in writing, and they gave their permission. A minimum of 12 weeks and a maximum of 24 weeks of follow-up were required for all patients.
Inclusion criteria included recent fractures long bones in children, open fractures of long bones in children, open physes, Co-operative medically healthy patients.
Exclusion criteria were Skeletally mature patients ,Old, neglected fractures.Delayed union or non-united fractures.
Preoperative assessment 
A complete assessment including history and physical examination was performed in all patients. Patient history included identifying 
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Definitive Management of Open Fractures in 
pediatric patients 
by External Fixators
)
Mechanism of injury .Local examination included careful  inspection in skin and soft tissue as wound or laceration, localized swellinf-g, ecchymosis as well as neurovascular examination. Plain x-rays (PA and lateral) views of long bone including joint above and below the fracture must be obtained (fig.1).
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Fig (1):  preoperative AP and lateral views showing the fracture.
Surgical technique
· Surgical technique
· Anesthesia: Spinal or general anesthesia. 
Position: Supine positions then, Patients were operated on a standard radiolucent orthopedic table under image intensifier guidance.

· Intraoperative fluoroscopy: Intraoperative imaging (C-arm) was a prerequisite and was used for all cases throughout the procedure.
· Operative technique: - 
At least two pins were inserted into each main fragment through an anatomical safe zone. Pins were spread as wide apart as possible. Pins were inserted as close to the fracture focus as possible but not enter the fracture hematoma or degloved areas. When delayed internal fixation was planned, the pin insertion avoids potential incisions and surgical approaches (the zone of surgery). The connecting tube was placed as close as possible to the bone to increase stability. Two bars were used to obtain more stability than single bar stiffer than one. Biplanar frame when used provided more stability than uniplanar frame. Combination of limited internal ﬁxation (lag screw) with external ﬁxation: only rarely indicated as mixing elastic with stable fixation is for temporary use only. Thickness of Schanz screws used varies between 4 mm to 5 mm pins depending on fractured bone and patient weight. When inserting Schanz screw the following were in concern: 
· The anatomy and avoid nerves, vessels, and tendons.
· Neither pins nor screws were inserted into a joint.
· Predrilling the cortex to avoid burning the bone (ring sequestrum is produced).
· Correct length of Schanz screw to allow appropriate frame construction.
To avoid injuries to nerves, vessels, tendons, and muscles, the anatomy of the different cross-sections of the limb is identified and make use of the safe zones for pin placement . In the tibia, it is not necessary to place the Schanz screws at the anterior tibial crest in a uniplanar application. Stability in the tibial crest is high due to the thick cortex. However, excessive purchase in the cortex is usually not required because of the adequate thickness of the anteromedial tibial wall and bicortical anchorage of the Schanz screws. The drilling of a hole in the thick tibial crest may be associated with excessive heat generation and subsequent necrosis of the bone. Insertion of a Schanz screw at the tibial crest may be difficult as the tip of the drill bit may slip medially or laterally, damaging the soft tissues. In the distal tibia, there is a risk of damage to the tendons of the tibialis anterior and extensor digitorum muscles and the most distal pin sites also have the highest infection rate. There is, however, a safe zone on the anteromedial aspect of the tibia, where Schanz screws can remain for a long period without infection.
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Fig. (3) skin incision for multiple metatarsal fractures

4. Results
.  Mean age of patients was 9.60 ± 3.07 ranged from 6 to 16 years. There was male predominance (73.3%).
Table (1) Demographic characteristics of the studied patients.
	Demographic data
	No.
	%

	Sex
	
	

	Male
	11
	73.3

	Female
	4
	26.7

	Age (years)
	
	

	≤10
	10
	66.7

	>10
	5
	33.3

	Min. – Max.
	5.0 – 16.0

	Mean ± SD.
	9.60 ± 3.07

	Median (IQR)
	9.0 (8.0 – 11.50)



The most frequent fracture location was the tibia (80%), while femur was (20%) (Table 2).
	Fractured bone
	No.
	%

	Femur
	3
	20.0

	Both bone leg
	12
	80.0




The most common mechanism of injury was RTA (73.3%), followed by direct fall of heavy object (13.3%). Falling from height was the least frequent mechanism (6.7%) (Table 3).
	Mechanism of injury
	No.
	%

	RTA
	11
	73.3

	Direct fall of heavy object
	2
	13.3

	Localized trauma
	1
	6.7

	Falling from height
	1
	6.7



      Time of surgery  ranged from 45 to 180 minutes. The mean time to radiological union was 4.27 ± 1.22 months. The patients started ROM immediate postoperatively (80%), after 2 weeks (13.3%) and after 5 months (6.7%) . Weight bearing started immediately in 3 cases , after 2 weeks in 2 cases and after 1 months in 10 cases. The average time of Radiological union was 4.27 ± 1.22 months . The average time of fixator removal 4.63 ± 1.14 months. Complications included skin infection (60%), Stiffness (26.7%) , NV problems (13.3%),pin fracture (6.7%) and refracture of bone (6.7%).  (Table 4).

Table (4) Surgical outcome in the studied patients.

	
	Surgical outcomes
	

	Time of surgery (min)
	Median (range)
	87.0 ± 37.26

	Time to union (wks)
	Mean ±SD
	4.27 ± 1.22

	Time to fixator removal (wks)
	Mean ±SD
	4.63 ± 1.14

	  Skin complications
	n (%)
	  9 (60%)

	  Stiffness
  NV problems
	n (%)
n (%)
	                  4 (26.7)
                  2 (13.3)

	Refracture of bone
Fracture of pins
	n (%)
n (%)
	1 (6.7)
1 (6.7) 
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5. Discussion
External fixators are widely used in children in the elective and trauma settings. In elective cases, external fixators have a role in deformity correction and limb lengthening (103). In trauma, external fixation is indicated for skeletal stabilization in open fractures, fractures associated with severe soft tissue injury including burns, where there is an associated vascular injury and in the polytraumatized child (104). Once applied, the fixator can be used as the definitive method to stabilize the fracture or subsequently converted to either an alternative fixator or to internal fixation. The use of external fixators in children is well established but certain factors specific to the pediatric population need to be considered if an external fixator is being utilized (105). Smaller diameter bones may limit the size of the half pin, the presence of a physis that can make half pin placement difficult – half pins should be placed at least 2 centimeters from the physis if possible (106). In children, the perceived unacceptability of external fixators to the child and their parents may limit its use (107). The purpose of this study was to review our experience in use of external fixators in children’s trauma including the indications for use of an external fixator, the type of fixator used, the outcomes and difficulties. Hossein Aslani et al., (2013), in their biomechanical study comparing intramedullary nailing and external fixation32 children with tibial open fracture treated with the external fixation method. Mean age was 10.5 ± 3.2 (108). Josef K. Eichinger et al., in (2012) studied seventeen consecutive pediatric patients (14 boys, 3 girls) with lower extremity long bone fractures were treated over a 12-month period. Mean age was 7.4 years (109)Tony El Hayek et al., in (2004) performed a study on 21 children aged between 2.3 and 16.4 years (mean 13.1 years) (110). In our study, mean age of patients was 9.60 ± 3.07 ranged from 6 to 16 years. In this study distribution of the studied cases according to Gustilo grade was grade 2 (53.3%) grade 3a (33.3) grade 3b (6.7%). Joel A. Humphrey et al., in (2015) (111) studied 20 tibias, 5 femurs, 2 humeri, 2 radii and 1 phalanx (Table I). Indications for application of external fixation were, 23 (77%) open fractures, 3 (10%) fractures in poly traumatized patients (mean ISS 43.3, range 41-48) and 4 (13%) severely comminuted fractures, which were judged not amenable to internal fixation. Of the 23 open fractures, 7 were Gustilo grade II (30%), 4 were Gustilo grade IIIA (17%), 12 were Gustilo grade IIIB (53%) (111). In our study, mean time of union 4.27 ± 1.22 months in agreement with Hossein Aslani et al., (2013), mean time of was 12.5 ± 1.4 weeks (108) and disagreement with Josef K. Eichinger et al., in (2012) was 73.5 days. (109) and Joel A. HumpHrey et al., (2015) was 9.6 weeks (range of 1-38 weeks) (111). In this study, percentage of skin infection was 60%, while Hossein Aslani et al., (2013) found infection around pins in 22.2% of cases (108). In our series, we used a unilateral fixator to initially stabilize 76.9% of fractures and a circular fixator in the remaining 3 fractures (23.1%). The decision to choose a circular fixator was dictated by the experience of the operating surgeon and the nature of the injury one severely comminuted tibial fracture and two Grade IIIB open fractures of the tibia. An open fracture is the most common indication for the application of external fixators and in this series, 100% of the fractures we treated were open and the majority were Grade II (53.2%.). Re-fracture following removal of the external fixator is an uncommon but well recognized complication. The reported rate in the literature varies from 5% (108) to 21% (111). In our series, one of the children (6.7%) refractured after removal of the external fixator. We would advocate that if there is any concern about bone union, the fixator should either be maintained for a further period of time or if it is removed, the limb is protected in a plaster cast. In our series, we protected 86.7% (13 limbs) with a cast after fixator removal and the cast remained on for a mean time of 3.6 weeks. Joel Humphery et al., in (2015) protected 40% (12 limbs) with a cast after fixator removal and the cast remained on for a mean time of 5.9 weeks. (111). Tony El Hayek et al., in (2004) applied cast after fixator removal in 54.4% of patients for a mean time of 3.2 weeks (110). In our study angulation was present in 3 cases (20%) including 1 case with varus angulation (33.3%) and 1 case with valgus angulation (33.3%) and 1 case (33.3) with procurvatum. In agreement with Hossein Aslani et al., in (2013) they found varus angulation in 1 patient (5.5%) and procurvatum in 1 patient (5.5%) (108) Also Josef K. Eichinger in (2012) found angulation in 2 cases (11.7%) (109). In this study, limb length discrepancy was present in 2 cases (13.3%) this was in agreement with other studies which were 6.8% (108) and 8.2% (110) where bone loss was found. In our study, post operative joint stiffness were found in four cases (26.7%) knee stiffness in 75% and ankle stiffness in 25%. While Joel Humphery et al., in 2015 found stiffness in one patient (3.5%%), and Josef K. Eichinger et al., in 2012 found stiffness in 3 patients (17.7%) in agreement with our study. In our study the mean onset of weight bearing was 4.63 ± 1.14 weeks, while in other studies the mean of weight bearing in lower limb fractures were 3.6 weeks (111) and 4.2 weeks (108). Some authors have suggested that use of external fixators in this population might be perceived to be unacceptable to the child or parents (112). Anecdotally, that was not our impression. The psychological im- pact of an external fixator used in a traumatized child is not well characterised and most reports in the literature (113) are related to elective procedures such as limb lengthening (114).

6. Conclusion
External fixation is necessary in polytraumatized patients and for open fractures. External fixation also allows easy nursing care and avoids plaster treatments.
It can tolerate the correction of residual deformities and allows dynamization or compression in delayed union.
The advantages of external fixation are: an absence of foreign material in the body which reduces the infectious risks in open fractures with soft tissue trauma;
it allows the observation of the cutaneous status; no additional treatment is required; it allows dynamization and early physical therapy; and it allows shortening
of the limbs in cases of great soft tissues loss. The complications include rare neurovascular iatrogenic lesions due to pin insertion; infection of the pin sites;          weakening of bones by pin insertion; patient complaints of weight and volume of the fixation, which is now improving; and iatrogenic fractures due to weakening
of bones, which is now being avoided by dynamization and progressive material removal. These complications limit the use of the external fixation in children  but do not eliminate this modality of treatment.
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