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Abstract 

The fractures of distal radius diaphyseal metaphyseal junction (DRDMJ) are one of 

the most frequent fractures in the pediatric population. In most cases, treatment of the 

fractures of DRDMJ is conservative. The aim of this study was to evaluate the benefits of 

using a new minimally invasive approach of closed reduction and internal fixation using an 

antegrade surgical approach and elastic stable intramedullary nail in the treatment of distal 

radius diaphyseal metaphyseal junction fractures in the pediatric population and to analyze 

the safety and efficacy of antegrade elastic stable intramedullary nail (ESIN) fixation. This 

study included 30 cases treated in the period from 2019 to 2021, where the use of non-

surgical treatment did not work in children with distal radius diaphyseal metaphyseal junction 

fractures. In the surgical treatment, we used one titanium nail (2 or 2.5 mm) to achieve a 

correct closed reduction and internal fixation. The fracture healing was achieved in about 6 to 

12 weeks after the procedure. Patients were then followed for another 6 months. In the 

postoperative period, there was no significant loss of reduction and no secondary 

displacement, nail migration, loss of fixation, non-union, or refracture. The combination of 

the closed reduction technique and the antegrade ESIN fixation is commonly used for the 

treatment of completely dislocated fractures in children. With this method we achieved 

minimally invasive treatment, short immobilization period, growth plate was not involved in 

the treatment and good outcome was accomplished. 
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Introduction 

The location of the distal radius is the most common site of fractures in children. 

Around 30% of all fractures happen due to this region[1]. The treatment of these fractures 

depends on the conservative approach. Typically, when referring to this fracture, we are 

describing the fracture that occurs at the junction betweenthe diaphysis and metaphysis of the 

radius[2]. The main principle in the treatment of distal radius fractures in the pediatric 

population is to use a non-invasive, conservative approach. In cases where the fracture is not 

ideal to reposition, conservative techniques such as surgical or semi-conservative ones are 

used instead[3]. 

Various techniques are applied for treatment of this fracture including crossed K-

wires[4,5], open reduction and fixation with plate and screws, and pre-bending elastic stable 
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intramedullary nailing (ESIN)[2], if closed reduction failed or the reduction could not be 

sustained with cast fixation. Each technique has its own advantages and disadvantages. 

In 2019 we introduced a new technique in our institution using antegrade approach and 

elastic stable intramedullary nail (ESIN) fixation in the treatment of displaced distal radius 

fractures. In this study we present our outcomes with this surgical technique. 

 

 Aims of the study 

 To evaluate the benefits of using a new minimally invasive approach of closed 

reduction and internal fixation using an antegrade surgical approach and elastic stable 

intramedullary nail in the treatment of distal radius fractures in the pediatric population and to 

analyze the safety and efficacy of antegrade elastic stable intramedullary nail (ESIN) fixation. 

 

 Material and methods 

 General information 

 The study presents the treatment of 30 children with a closed fracture of the distal 

radial radius with or without an accompanying ulnar fracture. The children were referred to 

the University Clinic for Pediatric Surgery in Skopje in the period between 2019 and 2021. 

The procedure was performed using a closed reduction and an internal (ESIN) fixation with 

titanium nail (2 or 2.5 mm). Before and after the surgery, X-rays were made and a 

preoperative and postoperative assessment was carried out. 
 

 Operative technique 

   Under general anesthesia, the patient was placed in the supine position with the 

upper limb positioned on a radiolucent side table (Figure 1).  

 

   

Fig. 1. AP (A) and Lateral (B), an initial X-ray of the fracture        

 

 
Fig. 2. Thompson approach 
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The forearm was positioned with the elbow in flexion 60°-90° and forearm in a 

pronated position during the operation. The entrance site was dorsolateral of the proximal 

radius (Thompson approach) and 2-4 cm distal to the proximal articular surface of the radius 

(Figure 2). A skin and fascial incision was made about 1 cm and separating the muscle fibers; 

dissection was continued down to the bone, and the entry hole was made with an awl (Figure 3). 

An ESIN was introduced in a diameter of 2.0 or 2.5 mm. The tip was then pushed into 

the hole with a gentle rotational movement (Fig. 3). 

 
Fig. 3. (A) Making hole with an awl, (B, C) nail introduced into radius,  

(D) tip close to the fracture       

 

 
Fig. 4. Kapandji technique 
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The next step was to establish the length of the fracture again using C-arm 

fluoroscopy. If the procedure was difficult, a pin leverage technique was used with 2 to 2.5-

mm-diameter K-wire. (Figure 4). 

Once a satisfactory reduction had been achieved, the nail was advanced distally into 

the radial metaphysis (distal fragment) without penetrating the epiphysis (Figure 5). The 

proximal end of the pin was bent slightly and cut 1 cm from the bone and was left under the 

soft tissues. If there was an associated ulnar fracture that required internal fixation, a lateral 

and dorsal entry point on the ulna was used, approximately 1 to 2 cm from the tip of 

the olecranon. 

         

 
 Fig. 5. Final fixation 

 

Follow-up and evaluation  

A control X-ray in lateral and AP presentation were obtained before releasing the 

child usually three to four days postoperatively. The first X-ray control was done on the 

first postoperative day, then control X-rays were made according to the age of the child. 

After 3 to 6 weeks, control X-rays were obtained. After the results were optimal, the 

extraction of the titanium nail was done when the healing was done. Control follow-up of 

patients was at least 6 months. 

 

Results 

This study presents our results of 30 patients with completely dislocated fractures of 

the distal radius treated with the minimally invasive surgical approach with closed reduction 

and antegrade ESIN fixation. The age of patients was 4-14 yrs., of which 20 were males, 10 

females. According to the mechanism of injury – 6 patients were injured after falling from 

height, although majority were sport injuries, or injury during play – 24 patients (Table 1). 

The average age of children was 9.96 yrs. The average time of the procedure of reduction and 

fixation with antegrade ESIN was 16 minutes. Adjoined ulnar fractures were observed in 10 

patients. The results were based on the function of the wrist (Figure 6.) The normal 

pronation/supination was defined as 90/0/90 degrees (A), the normal flexion/extension as 

30/0/30 degrees (B), while the normal radial flexion as 20/0 degrees and the normal ulnar 

flexion as 0/30 degrees (C). The control group consisted of children with a healthy non-

injured wrist. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/metaphysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/epiphysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/ulna-fracture
https://www.sciencedirect.com/topics/medicine-and-dentistry/ulna
https://www.sciencedirect.com/topics/medicine-and-dentistry/olecranon
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Fig. 6. Function of the wrist  The Hand: Examination and Diagnosis, 3rd ed. Copyright ©  

Elsevier, 1990. 
                      

The evaluation of the results was done 6 months after the intervention, and in our 

study we used the “Mayo wrist score” system for evaluation of the function of the wrist with 

analysis of several parameters: mobility, strength of grip, level of satisfaction and pain 

(Figure 7). 

 

 
Fig. 7. “Mayo wrist score” 

 

With closed reduction, an anatomical or almost anatomical reduction of the fracture 

was achieved in all patients. Open reduction was not used. The postoperative period went 
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without any complications in each of the 30 patients. The X-ray signs of consolidation were 

seen after 4 weeks and the treatment of the fractures was fully completed 3 months after the 

injury, with extraction of the titanium nail after 8-16 weeks. In each patient, a full clinical and 

radiologic healing was obtained with a normal range of motion of the wrist. On the final X-

ray, just before the extraction of the titanium nail there were no angular translation or 

angulations. 

All fractures healed completely (Figure 8). All patients achieved full flexion and 

extension of the wrist (Figure 9).  

 

                        

Fig. 8. A postoperative anteroposterior (A) and lateral X-ray (B),  

showing the healed fracture of the distal radius 

                                                                                  

 
Fig. 9.  Good flexion and extension of the wrist 
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 The average length of time needed to achieve a full range of motion after the initial 

immobilization was 4 weeks (range 2-5 weeks). There was no loss of reduction or re-

manipulation. No complications with the titanium nail or the cast were noted. 

 

 
Fig. 10.  Results according to the "Mayo wrist score" scoring system for evaluation 

 
Table 1. Statistical analysis of clinical data 

Age Sex 
Associated 

fractures 

Mechanism of 

injury 

Pin 

extraction 

in weeks 

Functional results 

according to the Mayo 

wrist score 

11 М Ulna Fall from bike 10 Excellent 

10 F  Fall from rollers 11 Excellent 

9 M Ulna Fall from sling 15 Excellent 

10 F  Fall from sling 14 Excellent 

12 М  Fall during football 15 Excellent 

10 М  Fall from bike 13 Excellent 

6 F  Fall from bike 9 Excellent 

10 М Ulna Fall from trampoline 10 Good 

4 М Ulna Fall from ladder 13 Excellent 

7 F  Fall while skating 12 Excellent 

8 F  Fall from bike 18 Good 

11 М  Fall from trampoline 14 Good 

12 М Ulna Fall from ladder 9 Excellent 

11 F  Fall while skating 16 Excellent 

13 M  Fall during football 11 Excellent 

8 F  Fall from bike 17 Excellent 

11 М Ulna Fall from trampoline 11 Good 

9 М  Fall from ladder 13 Excellent 

12 М  Fall while skating 8 Good 

14 F Ulna Fall from trampoline 10 Excellent 

11 M  Fall from ladder 15 Excellent 

13 M  Fall while skating 14 Excellent 

9 М  Fall from trampoline 9 Excellent 

12 F Ulna Fall from trampoline 18 Excellent 

6 М Ulna Fall from ladder 14 Excellent 

10 M  Fall while skating 13 Excellent 

9 М  Fall during football 10 Good 

9 F  Fall from bike 15 Excellent 

14 M  Fall from ladder 18 Excellent 

8 М Ulna Fall from trampoline 14 Excellent 
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Discussion  

Reduction and surgical immobilization of pediatric distal radius fractures remain a 

challenge. Many surgical immobilization techniques have been reported, but each type of 

fixation has limitations. Our study showed that the unstable rotation of the diaphyseal-

metaphyseal junction can cause development of a distal radius fracture. The researchers 

stated that the physis did not cause the angulation deformity. A study conducted by Johari et 

al. showed that the angulation deformity was not caused by the dissolvable physis [6]. 

Roberts noted that the radial inclination of the distal radius was greater than that of the 

angulation in the sagittal plane [7]. In 1981, Morrey et al. suggested that a rotation of at least 

100o of the forearm was required to perform most daily activities [8]. The rotation of the 

forearm is also considered as a motion of articulation. Studies suggested that the interosseous 

membrane can be compressed effectively to limit the restriction of rotation. Asadollahi et al. 

found that re-displacement was easier if the angulation of a fracture was greater than 10o. A 

higher ratio of cast fixation and closed reduction is also considered. 

The higher the ratio of re-displacement, the more accurate the reduction should be [9]. 

It is also important to remember that the angulation should be completely corrected in 

rotation and in coronal plane [10]. Before the introduction of the ESIN technique, open 

reduction and plate fixation were the most common methods for achieving skeletal reduction. 

This procedure is usually preferred for children with a skeletal maturity of less than one year 

[11]. The strength of pronation is a risk factor for the injury to the pronator quadratus. This 

injury can also cause delay in the union of forearm fracture [12]. ESIN is the best choice for 

children with long bone fractures. It can fix the fracture by controlling the fragment away 

from the point of implant. An anatomical study revealed that the distance between the radial 

nerve and the lateral epicondyle is about 1/3 of the forearm [13]. The radial nerve was then 

placed obliquely to the back. The superior 1/3 point between the lateral epicondyle and radial 

styloid process was used as the implanting plane. ESIN can reduce fracture by penetrating 

into the muscle belly instead of using three points. There is no need to consider anatomical 

reduction in patients with metaphysis. Instead, antegrade ESIN should be considered for 

stabilization of the implants. It is noteworthy that ESIN is only an effective implant for the 

reduction of fractures. In large-scale clinical cases, 93.3% of cast fractures were treated 

successfully with cast fixations alone. In children with a history of overweight or obesity, the 

fixation and correction abilities of ESIN are not as good as those of traditional methods [14]. 

 

Conclusion  

According to our results, with the use of the closed reduction and antegrade ESIN 

fixation, an easy and good anatomical reduction has been achieved with good postoperative 

results in the treatment of completely dislocated fractures in the distal radius in children. The 

advantages of the antegrade ESIN technique are demonstrated in treating the fracture in the 

diaphyseal-metaphyseal junction. It also provides a better recovery than the crossed K-wires 

and opened reduction and fixation with plate and screws. 
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