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ABSTRACT 

BACKGROUND  

Among the various methods of treating the long bone fractures in children less than 5yrs (POP cast) and adolescents 16yrs (IMN), 

flexible intramedullary nail has gained importance because of its stability, not violating the physis and less complications and early 

rehabilitation. Irrespective of mode of treatment, goal shall be to achieve union at fracture site, control length and alignment, 

minimize the morbidity and complications for patient and their family. 
 

MATERIALS AND METHODS  

A prospective study was conducted on children of both sexes, between the age group of 5-15yrs with diaphyseal fractures of long 

bones, meeting the inclusion and exclusion criteria during the study period at RRMCH (September 2012 to September 2014). Totally, 

30 cases were evaluated clinically and radiologically and followed up at 3, 6, 12, 24 weeks after surgery. Final outcome was assessed 

using Flynn’s criteria for Tens Scoring System. 
 

RESULTS  

Results of entire, 30 patients were followed up for an average of 6 months, was excellent in 19(63%) cases and satisfactory in 

11(37%) cases and no poor outcome. 
 

CONCLUSION  

Based on this study and result, we found that intramedullary elastic nailing technique is an ideal method for treatment of pediatric 

femoral and tibial diaphyseal fractures. 
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INTRODUCTION 

The goal of the treatment of diaphyseal fracture of long bones 

in children is to stabilize the fracture, to control the length and 

alignment to promote the bone healing and minimize the 

morbidity and complications in the child and family.  

Treatment of diaphyseal fractures of femur in children has 

changed since 1982, when Métaizeau and the team from 

Nancy, France, developed the technique of Elastic Stable 

Intramedullary Nail (ESIN) using titanium nail. 

Surgical treatment of long bone fractures in children 

must first consider the fact that excellent results can be 

achieved with non-operative care with reported union rates of 

more than 90% and 100% full functional recovery.¹ 

Occasionally, reduction cannot be maintained due to excessive 

shortening, angulation or malrotation at the fracture site 

making operative intervention necessary.² Historically 

external fixation, plate and screw fixation were the treatment 

options available for those unstable fractures.1,2 
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Over recent years, the use of elastic stable intramedullary 

nails has dramatically increased with the introduction of a 

variety of nails for pediatric fractures.³ 

The Titanium Elastic Nail or Elastic Stable 

Intramedullary nailing is intended for fixation of diaphyseal 

fractures of long bones where the medullary canal is narrow or 

flexibility of the implant is paramount. In pediatric 

applications, the TENS allows it to be inserted at a point which 

avoids disruption of the growth plate. The use of an 

intramedullary device is indicated for open fractures, unstable 

fractures or irreducible fractures. The aim of this biologically 

minimally invasive fracture treatment is to achieve a level of 

reduction and stabilization that is appropriate to the age of the 

child.  

The biomechanical principle of the TEN is based on the 

symmetrical bracing action of 2 elastic nails inserted into the 

metaphysis, each of which bears against the inner bone at 

three points.4,5 This produces the following four properties 

that are essential for acheiving optimal results: flexural, axial, 

translational and rotational stability.⁴ The intramedullary nail 

also has the advantage of immediate stability which permits 

early mobilization and faster return to normal activities with 

low complication rate.6,7 
 

OBJECTIVES OF THE STUDY 

To demonstrate the efficacy of using elastic intramedullary nail 

in achieving union of pediatric diaphyseal fracture as a less 

invasive and highly efficient method of treatment in pediatric 

diaphyseal fractures of long bones. 
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MATERIALS AND METHODS 

This is a prospective study based on patients admitted with 

diaphyseal fractures of long bones in the age group of 5-15 

years in Department of Orthopaedics, RRMCH. The duration of 

study was 2 years (September 2012 to September 2014). 

Children meeting the Inclusion and Exclusion criteria were 

included for the study. 

 

Inclusion Criteria  

All children between ages 5 to 15 years having following type 

of diaphyseal fractures of long bones. 

 Closed undisplaced. 

 Closed displaced. 

 Closed comminuted fractures. 

 Closed segmental fractures. 

 

Exclusion Criteria 

 All open fractures having secondary infections or 

suspected deep infections or late presentations. 

 Closed fractures more than 2 weeks old. 

 All metaphyseal fractures with/without involvement of 

epiphysis. 

 All pathological fractures. 

 Parents/patient not willing for surgery. 

Children suffering from epilepsy, heart diseases, 

neuromuscular diseases and bleeding diathesis is excluded 

from our study. 

After informed consent and routine preoperative 

workup, surgery was performed under general/spinal 

anaesthesia with patient on fracture table in supine position 

for femur fracture and on regular operating table for tibia 

fracture. The diameter of the individual nail was selected as 

per Flynn et al. formula (Diameter of nail = width of the 

narrowest point of medullary canal on AP and lateral view 

x0.4mm) and intraoperative assessment. The diameter of the 

nail was chosen, so that each nail occupies at least 33%-40% 

of the medullary cavity. The usual procedure for TENS nailing 

of Diaphyseal fracture of Femur (Retrograde fixation) and 

Tibia (Antegrade fixation) under fluroscopic guidance was 

done.  

To minimise soft tissue irritation nails are backed out and 

cut along the metaphysis and a tamp is used to readvance the 

implants until <1cm of nail lies outside. Postoperatively, 

patients are nursed in supine position with operated leg 

elevated on a pillow with long leg slab/cast and pelvic band for 

femur fracture or above knee slab/cast for tibia fracture for 6 

weeks and immobilisation was continued for another 2-3 

weeks based on radiological assessment. Full weight bearing 

was started by 8-12 weeks depending on fracture 

configuration and callus response. Assessment was done at 6, 

12 and 24 weeks and each followup patients are assessed 

clinically, radiologically and complications were noted. 

 
 
 
 
 
 
 
 
 
 
 

OPERATIVE PHOTOGRAPHS OF FEMUR 
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Incision and entry point made with bone AWL 

 

 
 

Introduction of TENS nail 
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Preoperative X-ray 
 

 
 

Post Op 16 weeks 
 

 
 

Post Op 24 weeks 
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RESULTS 

Thirty patients with diaphyseal fracture of femur (17) and 

tibia (13) were treated with titanium intramedullary elastic 

nail between Sep 2012 - Sep 2014 at RRMCH, Bangalore. 

Children between the age group 5-15yrs were included in the 

study; 21 patients (70%) were male and 9 patients (30%) 

females. Road traffic accidents was the most common mode of 

injury accounting for 57%(17 patients) and self-fall the next to 

RTA-36%(11 patients). Among the 30 patients, 57%(17) had 

sustained fracture to the left side and 43%(13) had on right 

side. Transverse fracture were about 10(33%) comminuted 

were 7(23%), oblique fractures 8(27%) and spiral fracture 

5(17%). All the patients were prepared and operated as early 

as possible once the general condition was stable and patient 

was fit for surgery. The average time interval between the 

fracture and surgery was 3.6 days with 10(33%) within 5 days, 

10(33%) less than 2 days 8(27%) >5 days 2(7%). The median 

duration of surgery was 65.5 min (30-110). Out of 30 patients, 

22(73%) has been immobilized for 6 weeks and 8(27%) for 9 

weeks. Average duration of hospital stay was 9.9 days (3-17); 

90% (27) had <1cms of limb length discrepancy and 3 patients 

(10%) less than 2cms. Union was achieved in 25(84%) within 

12 wks. and full weightbearing was allowed for 24(80%) 

within 12 weeks. All patients had full range of movements in 

this study, 6(20%) had mild restriction at knee at 12 weeks. No 

patient had major limb length discrepancy (>2cms) in this 

study. No nail back-out was seen in this study. Superficial 

infection was seen in 5 patients (24%) and 3 patients had limb 

length discrepancy (9.82%) and no patients had major limb 

length discrepancy, i.e. >2cms and 3 patients (10%) 

presented with 6 degree valgus deformity and no patient had 

anteroposterior malalignment. 

 

DISCUSSION 

Until recently conservative treatment was the preferred 

method for the treatment of diaphyseal fractures in children 

and young adolescents. However, to avoid the effects of 

prolonged immobilisation to reduce the loss of school days and 

for better nursing care, the operative approach has been 

gaining popularity for the last two decades. Plate 

osteosynthesis is still widely used. It is associated with a large 

exposure, relatively longer duration of immobilisation and the 

risks of delayed union, infection and a large dissection for plate 

Removal.⁸,⁹ The external fixator provides good stability and 

early mobilisation, but is associated with the risk of pin tract 

infections and it takes a longer time for weightbearing.¹⁰,¹¹ 

Intramedullary K-wire fixation has also been used for pediatric 

femoral fracture, but stability and fracture angulation is a 

disadvantage to be taken care of. Interlocking nail is ideal for 

skeletally matured children. Reports of avascular necrosis of 

femoral head, coxa valga have been reported with interlocking 

nail when attempted in skeletally immature patients.¹²,¹³ 

However, there have been proponents for using interlocking 

nail in the 11-16 years of age group avoiding the pyriformis 

fossa as entry site with good results.¹⁴ Titanium elastic nail 

seems advantageous over other surgical method, particularly 

in this age group because it is simple, is a load sharing internal 

splint that does not violate the physis, allows early 

mobilisation and maintains alignment. Micromotion conferred 

by the elasticity of the fixation promotes faster external 

bridging callus formation. The periosteum is not disturbed and 

being a closed procedure there is no disturbance of the 

fracture haematoma, thereby less risk of infection. Flynn et al. 

found TEN advantageous over hip spica in treatment of 

femoral shaft fractures in children.¹⁵ Bueschsenschuetz et al., 

documented titanium nail superior in terms of union, scar 

acceptance and overall patient satisfaction compared to 

traction and casting.¹⁶ Ligier et al. treated 123 femoral shaft 

fractures with elastic stable intramedullary nail. All fractures 

united; 13 children developed entry site irritation.¹⁷ Similarly, 

Narayanan et al. found good outcome in 79 femoral fractures 

stabilised with TEN.¹⁸ Fracture geometry and the location is an 

important determinant for selection of surgical techniques. 

Transverse, short oblique and minimally comminuted are 

suitable for TEN as stated by Flynn et al.¹⁹ Narayanan et al.¹⁸ 

stated that transverse, short oblique, short spiral fractures 

with minimum comminution in the 5-12 years age group were 

the best indications for TEN. Lascombes et al.²⁰ stated that TEN 

could be indicated in all femoral diaphyseal fractures of 

children above 6 years of age till epiphysis is closed except 

severe type 3 open fractures. The most common complication 

of titanium elastic nail is entry site irritation and pain.¹⁸,²¹ 

Entry site irritation was found in 4(19%) cases. Limb length 

discrepancy is a common sequel; 2(7%) patients had 

shortening of femur <1cm and 1(3%) had shortening of femur 

<2cms. Other complications include angulation of fracture, 

refractures and infection. Superficial infection was found in 

1(5%) case. 

 

CONCLUSION 

Based on this study and result, we found that intramedullary 

elastic nailing technique is an ideal method for treatment of 

pediatric femoral and tibial diaphyseal fractures. 
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