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INTRODUCTION 

Pediatric fractures present significant challenges to 

the orthopedic community. Diaphyseal fractures of 

the radius and ulna, commonly referred to as both 

bone forearm fractures, are the third most common 

fracture in the pediatric population and account for 

13 to 40% of all pediatric fractures.1 

Unlike forearm bone fractures in adults, which are 

generally treated by open reduction and 

osteosynthesis with plate and screw fixation, 90% 

of pediatric forearm fractures are successfully 

treated conservatively by closed reduction and 

casting. The remaining 10% are irreducible or 

unstable fractures of which treatment methods 

include closed manipulation and casting under 

general anesthesia, fixation with pins and plaster, 
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closed or open reduction with a mini incision and 

intramedullary nailing, open reduction and 

osteosynthesis with plate and screw fixation, and 

external fixators.2 Recently fracture fixation with 

intramedullary nails has gained popularity due to 

several advantages such as maintenance of 

reduction, minimally invasive, relatively easy 

application, protection of bone alignment and 

retention of biologic factors at the fracture site.3 

Titanium elastic nails are increasingly used for 

intramedullary nailing because of their elastic 

properties which allow for improved insertion and 

rotation while still providing adequate fracture 

stabilization.4 However titanium elastic nails are 

expensive for most of the patients of  low 

socioeconomic status of developing countries on 

ABSTRACT  
Background & Objectives: Pediatr ic forearm bone fractures are 
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children with diaphyseal forearm bone fracture treated with 
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injury, fracture type, fixation indication and method, time of clinical and 
radiological union, complication rate and final range of motion were 
evaluated at subsequent follow up. Clinical evaluation was done as per 
Price’s criteria.  Results: Among 30 patients there were 22 boys (73.3%) 
and 8 girls (26.6%) with a mean age of 11.8 years (Range, 5 to14 years). 
Twenty (66.6%) patients had right forearm fracture, 10 (33.3%) patients 
had left forearm fracture. Union was obtained in a mean of 6.5±1.0 
weeks (range 6 to 9 weeks). According to the criteria of Price et al. an 
excellent result was achieved in 25 patients (83.3%) and a good result in 
five patients (16.6%). Out of total 30 patients six (20%) had minor 
complications. Conclusion: Fixation with intramedullary stainless steel 
rush pin produces good to excellent results in diaphyseal forearm bone 
fractures in children. Based on our experience, rush pins are simple, safe, 
easily available and affordable to most of the patients in developing 
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contrary to that stainless steel Rush pins are cheaper 

and easily available. 

This study was carried out to evaluate the clinical 

and radiological outcome of pediatric diaphyseal 

forearm bone fractures treated with intramedullary 

stainless steel Rush pins.  
 

MATERIALS AND METHODS 

This study was conducted among the children who 

presented with forearm bone fractures at 

Department of Orthopedics and Trauma Surgery, 

KAHS Jumla from June 2013 to December 2015 

after ethical approval from the Institutional Review 

Board. Children of five to 14 years of age with 

displaced and grossly rotated diaphyseal forearm 

bone fractures, failed closed manipulation, patients 

with adequate follow-up and complete medical 

records were included in this study after taking an 

informed written consent. No extra financial burden 

was given to the patients. Patients with isolated 

forearm bone fracture, compound fractures, 

fractures with neurovascular injury, pathological 

fractures, Galeazzi or Monteggia fracture-

dislocations, proximal and distal third forearm bone 

fractures were excluded from the study. 

Patients’ age, sex, side, mode of injury, fracture 

type, fixation indication and method, time of 

clinical and radiological union, complication rate 

and final range of motion were evaluated at 

subsequent follow up. Angulations in one of the 

two planes greater than 20 degrees in children 

younger than 10 years, and angulations greater than 

10 degrees in children older than 10 years were 

defined as unacceptable and treated surgically.5,6 

Rotational deformities were also regarded as an 

indication for surgical treatment. 

Fracture union was defined as the radiological 

appearance of bridging callus at the fracture site on 

both the planes together with a pain-free fracture 

site. 

Complications requiring a subsequent intervention 

or the use of anesthesia that might affect long term 

functional outcome, iatrogenic problems related to 

technique or implant use and unacceptable 

reduction were considered as major complications, 

while those that were not important enough to 

affect long-term prognosis or functional results 

were accepted as minor complication.5 

Clinical outcomes were evaluated as per Price 

criteria7 according to which absence of complaints 

with strenuous activity or loss of forearm rotation 

of less than 10 degrees or both showed an excellent 
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Fig 2: Open reduction by mini incision and 
intramedullary fixation with Stainless steel rush pins on 
third day of admission  

Fig 1: Diaphyseal right forearm bone fracture of 10 yrs/m  

Fig 3: Implant removal after 8 months of fixation  
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result; the presence of mild complaints with 

strenuous activity or a rotational loss of 11 to 30 

degrees showed a good result; subjective 

complaints during daily activities or rotational loss 

of 31 to 90 degrees showed a fair result. All other 

conditions were considered to be a poor outcome.  

Data analysis was done using Statistical Package 

for Social Sciences (SPSS) 17.0 version.  

Surgical technique 

A pneumatic tourniquet was used in all patients. 

Under appropriate anesthesia using image 

intensifier radial nailing was done retrogradely. 

Rush pin was advanced through a dorsal entry point 

two to three cm proximal to the distal radial 

epiphyses. Diameter of pin used varied from two to 

three mm depending upon the diameter of 

medullary cavity at the level of isthmus. The nail 

length was measured from distal to the proximal 

growth plate under image intensifier. The tip of 

radial pin was bent to about 40 degrees to allow 

easy passage of the nail through the medullary 

canal and also to help in fracture reduction. The rest 

of the radial pin was bent to about 20 degrees to 

match the radial bow and to ensure restoration of 

the interosseous space. Optimal care was taken not 

to injure extensor tendons and superficial radial 

nerve. Ulnar pin was inserted antegradely through 

the olecranon. The ulnar pin only requires minimal 

prebending of about 10 degrees because the bone is 

almost straight. This prebending helps in three point 

fixation of the nail inside the ulnar bone canal and 

thus theoretically provides better fracture stability. 

Rush pins were buried under the skin in all the 

cases. 

Post operatively, a long arm posterior splint was 

applied in all cases for six weeks. Active finger 

movements were encouraged after operation. 

Active and active assisted intermittent flexion and 

extension of wrist and elbow was started from 

second postoperative day. Supination and pronation 

of forearm was allowed after removal of splint at 

six weeks. Patients were followed up at two weeks, 

six weeks, three months, and six month time for 

radiological and functional evaluation.  

 

RESULTS 

Thirty patients met our criteria and were included in 

this study. There were 22 boys (73.3%) and eight 

girls (26.6%) with a mean age of 11.8 years (Range, 

five to14 years). Twenty (66.6%) patients had right 

forearm fracture whereas 10 (33.3%) patients 

sustained injury to left side. 

The mechanism of injury in ten patients was a 

simple fall onto the outstretched hand, nine falls 

from a height, five sports related injuries, three had 

bicycle accidents and three patients were of 

physical assault. The mean time from injury to 

surgery was five days (range two to eight days). 

Closed reduction and nailing with Rush pin was 

successful in 19 cases whereas 11 patients required 

mini open reduction due to soft tissue interposition. 

Union was obtained in a mean of 6.5±1.0 weeks 

(range six to nine weeks). According to the criteria 

of Price et al.7 an excellent result was achieved in 

25 patients (83.3%) and a good result was achieved 

in five patients (16.6%). There were no cases in fair 

group. 

Out of total 30 patients six (20%) had minor 

complications. Two patient developed olecranon 

bursitis due to ulnar pin irritation, which resolved 

after the removal of the pin. Two patients had 

superficial skin infections at the entry point which 

were treated with appropriate wound care and 

antibiotics. There was retrograde migration of ulnar 

pin requiring early removal in one patient. One 

patient had delayed union of the ulna which finally 

united at eight months after operation without any 

further intervention. None of the patients had 

complications such as limb-length discrepancy 

affecting the upper extremity functions, epiphyseal 

damage, angular or rotational deformity, synostosis 

or limited elbow or forearm range of motion. No 

cases of nonunion or malunion were reported.  

The implants were removed under appropriate 

anesthesia at an average of six months following 

primary fixation. The mean follow-up period was 

12 months (range six to 30 months)  

 

DISCUSSION 

Historically, the majority of pediatric diaphyseal 

forearm bone fractures have been treated with non-

operative management relying on closed reduction 

and casting. This treatment is associated with loss 

of reduction and poor functional results in five to 

seven percent of the patients.8 Recently there has 

been a trend towards increased surgical 

management of these fractures in an effort to 

improve clinical outcomes. The clinical results of 

pediatric forearm fractures mainly rely on residual 

angulations at the fracture site, the presence of a 

rotational deformity, remodeling potential of the 

bone, the age of the patient, and the location of the 

fracture.9 

 It has been reported that middle third fractures 
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cause more functional limitations compared to 

distal third diaphyseal forearm fractures.5,9,10 A 

cadaver study by Tarr RR et al.10 showed that 

supination losses were much more obvious than 

pronation losses in middle third forearm fractures. 

Thus, angulations greater than 20 degrees and 10 

degrees were treated surgically in children younger 

and older than 10 years, respectively.2 

Shoemaker SD et al.11 suggested that the ideal 

mode of fixation of pediatric forearm fractures 

should maintain alignment, be minimally invasive 

and inexpensive, and carry an acceptable risk 

profile. Compared with open reduction and 

osteosynthesis with plate-screw fixation, 

intramedullary nailing meets these criteria. 

The main advantages of intramedullary nailing 

include maintenance of reduction, provision of an 

inexpensive, minimally invasive, relatively easy 

application, protection of bone alignment by three 

point contact, acceleration of bridging callus 

formation through micro movements at the fracture 

site, and thus contribution to rapid bony healing.12 

Intramedullary fixation materials include 

Steinmann pins, Kirschner-wires, Rush pins, and 

elastic titanium nails. In the clinical setting, 

titanium is being used more often than stainless 

steel because of the elastic properties which allow 

for improved insertion and rotation but it may be 

expensive and not easily available in many 

hospitals of developing countries.  

Outcome of treatment with intramedullary stainless 

steel rush pin in diaphyseal forearm bone fracture 

was excellent in 25(83.3%) patients and good in 

five (16.6%) patients in this study which is similar 

to study done by Yalcinkaya et al2 , Shoemaker SD 

et al11 and Flynn JM et al13  (table1). Stainless steel 

rush pin is a reasonable option and it can be used 

like titanium elastic nails in peripheral orthopedic 

setup of developing countries for managing 

pediatric diaphyseal forearm bone fractures. 

Though insertion of Rush pin may be difficult as it 

is less malleable it offers various potential 

benefits likes cosmetics, easy removal after 

treatment and decreased chances of neurovascular 

injuries.14 

Close reduction or open reduction before 

intramedullary nailing yield similar functional 

results, with similar complication profile in 

pediatric diaphyseal forearm bone fracture. 

Luhmann et al.15 advocated that open reduction 

with a small incision would cause much less trauma 

to tissues than that caused by multiple reduction 

maneuvers. In this study eleven patients had 

undergone mini open reduction due to soft tissue 

interposition and their outcome was similar to 

patients treated with closed reduction and 

intramedullary nailing. 

In our study, six (20%) patients developed minor 

complications most of which resolved after implant 

removal. Cullen at al.16 reported complications as 

high as 50% following intramedullary fixation of 

pediatric forearm bone fractures. Yalcinkaya et al.2 

reported complications rate ranged from four to 

38% in patients treated with intramedullary nailing. 

The cause of these complications is difficult to 

determine, it is due to the surgeon’s inexperience 

with the technique or the surgery itself, and some 

consider the second procedure to remove the 

implants to be a disadvantage of intramedullary 

nailing.17 

Sample size, study duration and non-comparative 

nature of the present study are the limitations of our 

study. However this study will serve as a baseline 

data in future in demonstrating the differences 

between the results of elastic nails versus rush pin 

or intramedullary nailing versus plate fixation or 

closed versus mini open intramedullary nailing for 

pediatric diaphyseal forearm bone fractures.  

 

CONCLUSION 

Intramedullary Stainless steel Rush pin is a simple, 

safe and cost effective method in the treatment of 

pediatric diaphyseal forearm bone fracture. They 

are easily available and affordable to most of the 

patients in developing countries with good to 

excellent functional and radiological outcome. 

Complications are minor and most of them resolve 

with implant removal. 
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