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Case Report 

Open tibial shaft fracture in a boy with autism spectrum disorder 
treated using a ring external fixator: A case report 
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A B S T R A C T   

Autism spectrum disorder covers a group of behaviorally defined disorders that may result in the 
patient having difficulty staying calm during medical treatments, due to anxiety-related over
reactions. Tibial fractures are the third most common pediatric long-bone fracture. Conservative 
treatment is selected in many cases, but surgical treatment may be selected in cases of open 
fracture and no treatment policy has been established. We described the case of a 6-year-old boy 
with autism spectrum disorder who was unable to stay calm due to anxiety and required sedation. 
We diagnosed open tibial shaft fracture (Orthopaedic Trauma Association classification 42A1, 
4F2A; Gustilo classification type 1). On the day of injury, we performed osteosynthesis using a 
ring external fixator and primary closure of the open wound. Full weight-bearing was permitted 
from immediately after surgery. No significant complications were observed postoperatively, and 
the external fixator was removed 84 days postoperatively. No abnormal alignment of the lower 
leg, leg-length discrepancy or range of motion disorder was identified. To the best of our 
knowledge, no other reports have described use of a ring external fixator for open tibial shaft 
fractures in children with autism spectrum disorder. Using a ring external fixator appears helpful 
for open tibial shaft fractures in children who are unable to stay calm due to autism spectrum 
disorder, because there is no need to limit weight-bearing immediately after surgery. For Gustilo 
classification type 1 pediatric open fracture, primary closure of the open wound is safe after 
sufficient bone fixation.   

Introduction 

Autism spectrum disorder (ASD) represents a group of behaviorally defined disorders that present in the early developmental 
period and manifest as various symptoms [1]. Anxiety is one of the most common symptoms in children with ASD [2]. Children with 
ASD may experience difficulty staying calm during medical treatment, because they may overreact due to anxiety. 

Tibial shaft fracture is a typical pediatric fracture, but no clear treatment policy has yet been established. Surgical treatment is 
considered for open fractures, and options such as elastic intramedullary nails, external fixators and plating are available [3,4]. Each 
treatment method offers specific advantages. The ring external fixator has the advantage of allowing full weight-bearing from 
immediately after surgery, with no need for rest limitations because the fixator is a biomechanically stable construct [5,6]. 

Although no reports have discussed the treatment of fractures in children who cannot stay calm due to ASD, fracture treatment with 
sufficient strength and that does not require rest limitation may be considered necessary. We report a case with open tibial shaft 
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fracture (Orthopaedic Trauma Association classification 42A1, 4F2A; Gustilo classification type 1) in a 6-year-old boy who had ASD 
and was expected to have difficulty staying calm, and thus was successfully treated using a ring external fixator. 

Case presentation 

A 6-year-old boy with ASD was hit by a truck at a speed of about 20 km/h and was brought to the emergency department. After 
emergency transportation, the patient was anxious and could not stay calm, so sedation was deemed necessary. The patient com
plained of pain in the right lower leg and an open wound about 5 mm in length was apparent on the inside of the right lower leg over 
the tibia. Radiography and computed tomography (CT) showed fractures of the right tibia and fibula (Figs. 1, 2), and open fracture of 
the right tibial shaft was diagnosed (Orthopaedic Trauma Association classification 42A1, 4F2A). We performed surgery for osteo
synthesis and debridement the same day. After irrigating and disinfecting the open wound, we performed closed reduction and ob
tained good alignment. The tibia was temporarily fixed using a 2.0-mm Kirschner wire, then osteosynthesis was performed using a ring 
external fixator (Fig. 3). We used two rings, fixing each ring with three wires. Gustilo classification type I was diagnosed and primary 
closure of the open wound was performed after irrigation. Intravenous antibiotics were continued until postoperative day (POD)2. The 
patient was allowed full weight-bearing from POD1. As of 3 weeks after surgery, the patient was performing full weight-bearing with 
no problems in daily activities. Pin-site infection was observed during outpatient follow-up, but was successfully treated with oral 
antibiotics. As of POD84, the external fixator was removed. At 6 months postoperatively, the patient showed no problems in activities 
of daily living, no abnormal alignment of the lower leg, and no leg-length discrepancy (Fig. 4). 

Discussion 

To the best of our knowledge, no previous reports have described the use of a ring external fixator for open tibial shaft fractures in 
children with ASD. We found that ring external fixation was effective in this case of open tibial shaft fracture in a boy with ASD. In 
addition, when osteosynthesis is performed with sufficient strength, primary closure of the open wound may be safe for low-grade open 
fractures such as Gustilo classification type 1. 

Tibial fractures are among the most common pediatric long-bone fractures, but no conclusive evidence or best practice guidelines 
have been described for their management. Pediatric tibial fractures have generally been treated non-surgically with reduction, casting 
and immobilization. However, surgical treatment is recommended in various cases such as open fracture [3,4]. Surgical stabilization of 
tibial fractures in the pediatric population requires implants that do not disrupt the open epiphyses. Elastic intramedullary nails, 
external fixation, and plating are all potential options [4]. Some reports have compared options, but conclusions regarding the su
periority or inferiority of methods remain difficult to reach [7]. 

Two types of external fixator are available: the monolateral external fixator, and the ring external fixator. The monolateral fixator is 
considered to have the advantage of technically easier application when compared to the ring external fixator, but concerns have been 
raised regarding an increased risk of loss of reduction [5]. On the other hand, the ring external fixator has a stable structure and 

Fig. 1. Radiographs on admission, showing fractures of the tibial and fibular shafts.  
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stronger fixing force than the monolateral external fixator, resulting in a lower risk of loss of reduction and the advantage that full 
weight-bearing can be applied from immediately postoperatively [5,6]. In addition, the ring external fixator offers the advantage of 
minimizing damage to soft tissues, as the device is fixed with wires. When ring and monolateral external fixators were compared in the 
treatment of pediatric tibial fractures, a significantly greater proportion of patients with monolateral external fixators experienced a 
loss of reduction and developed malunion [8]. The use of a ring external fixator for pediatric open tibial shaft fracture appears useful 
from the perspective of fixation strength and soft-tissue protection. 

Since this case involved a simple fracture, we used two rings, fixing each ring with three wires. However, if the fracture is unstable, 
additional rings or wires should be considered, and fractures near the joint would require fixation bridging the joint. 

Pediatric open fractures of the limbs are said to show a lower infection rate than those in adults, due to the generally better 
production of granulation tissue and abundant blood circulation. Due to this lower infection rate, pediatric open fractures of the tibial 

Fig. 2. Three-dimensional CT on admission, showing spiral fracture of the tibial shaft and simple fracture of the fibular shaft. We diagnosed Or
thopaedic Trauma Association classification 42A1, 4F2A. 

Fig. 3. Postoperative radiographs of the tibial shaft fracture treated using the ring external fixator.  
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shaft are thought to be safe for primary closure of the open wound after debridement if the injury is of lower grade, such as Gustilo 
classification type 1 [9,10]. 

In our hospital, patients and their families are instructed to perform pin-site care by thorough showering after surgery, which may 
have contributed to the successful treatment of pin-site infection in this case. 

This case involved a pediatric open tibial shaft fracture in a child with ASD. We determined that surgical treatment was indicated in 
this case because of the open fracture. As the patient had ASD and maintaining postoperative rest may have been difficult, selection of a 
treatment method that allowed maximal weight-bearing immediately after surgery was considered helpful. As elastic intramedullary 
nails require non-weight-bearing for 2–3 weeks and plate fixation was difficult because of the open wound inside the tibia, we used a 
ring external fixator. In this case, good bone union was considered obtainable based on three factors. First, no loss of reduction was 
recognized from fixation using the ring external fixator. Second, immediate and full weight-bearing was allowed and circulation 
around the fracture was maintained. Third, pediatric osteogenic activity is generally extremely high. Regarding the open wound, no 
significant infection was evident even after primary closure, because the infection rate of open fractures in children is low and the soft 
tissue around the open wound would be firmly stabilized by the ring external fixator. 

Conclusions 

Use of a ring external fixator appears to represent a good option for open tibial shaft fractures of children who may experience 
difficulty staying calm due to ASD, because bed rest does not need to be maintained after surgery. For pediatric, low-grade open 
fractures such as Gustilo classification type I, primary closure of the open wound after sufficient bone fixation is safe. 

Fig. 4. Radiographs show healing of the fracture at 6 months postoperatively.  
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