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Abstract 
Introduction: In current scenario, various operative procedures such as submuscular plating, spica casting, external fixation, 

intramedullary nailing etc available for children having femoral shaft fractures. We aimed to use titanium elastic nails for treating 

diaphyseal femoral fractures in children, considering the limited evidence of this technique. Our study focused on the efficacy, 

safety, average length of hospital stay and complications of this method.  

Materials & Methods: We recruited 20 patients aged 3-13 years with fracture shaft of femur and were treated with stable elastic 

intramedullary nailing with titanium elastic nails at Government Medical College, Kozhikode from February 2014 to January 

2015. Follow ups were carried out at 6, 12 and 24 weeks and there after every 2 months till the fracture union was confirmed. 

Result: Out of 20 patents, 17 fractures were closely reduced & fixed and in 3 cases, open reduction was done. All the fractures 

united between 7-12 weeks, with average time of union being 8.3 weeks. All patients had good range of movements except 3 

patients who had nail protrusion. The average duration of hospital stay was 7.3 days. Regarding the complications of this 

technique, limb length discrepancy was the most common complication.  

Conclusion: It was observed that Elastic Stable Intramedullary Nailing (ESIN) technique is an ideal method for treatment of 

pediatric femoral shaft fractures. It gives elastic mobility promoting rapid union at fracture site and stability which is ideal for 

early mobilization. It also has lower complication rate, permits early return to school when compared with other methods of 

treatment. 
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Introduction 
Over the past 20 years, there has been a dramatic 

and sustained trend towards the operative stabilization 

of femoral shaft fractures in school-aged children using 

external fixator, sub muscular standard compression 

plates, intramedullary locking nailing and elastic stable 

intramedullary nails (ESIN).(1) Although titanium 

elastic nails have been used in Europe for two decades 

and stainless-steel ender nails have been used 

worldwide for even longer, there is surge in use of 

titanium elastic nails in recent times despite the scarcity 

of studies.  

Considering the limited evidence for supporting 

treatment with titanium elastic nails, we intended a 

prospective study on evaluating this method of treating 

diaphyseal femoral fractures in children with ESIN. Our 

study focused on the efficacy, safety, average length of 

hospital stay and complications of this method.  

  

Materials & Methods 
In this prospective analytical study, a total of 20 

patients aged 3-13 years with fracture shaft of femur 

were included. All patients were treated with elastic 

stable intramedullary nailing (ESIN) technique with 

Titanium elastic Nails at Government Medical College, 

Kozhikode from February 2014 to January 2015. Their 

data were collected prospectively and the study was 

approved by the ethical committee. 

Children and adolescents aged between 3 to 13 

years were included in this study. We excluded patients 

with neuromuscular disease (cerebral palsy or 

myelomeningocele), metabolic disorder, pathological 

fracture, head injury and polytrauma. 

 

Pre-operative and post-operative evaluation 
Pre-operative: As soon as patient brought to our 

accident and emergency room, patient’s airway, 

breathing and circulation were assessed. Then a 

complete survey was carried out to rule out other 

injuries. Plain X-ray of femur, both AP and lateral 

views including both hip and knee joints were taken. 

Limb was rested in a Thomas splint. Relevant pre-

operative investigations were taken. Through pre-

anesthetic checkup was done by the anesthetist before 

surgery for all patients. Injection Tetanus toxoid (if 

appropriate booster dose not given) and one dose of 

parenteral antibiotic (Inj. Cefuroxime IV after test dose) 

were given. The detailed consent for surgery had been 

taken in all cases. All were underwent fixation with 

ESIN technique with titanium elastic nails under image 

intensifier on the same day itself (Fig. 1). 
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Fig. 1: a & b. X-ray of spiral Fracture shaft of femur AP and Lateral view; c. Advance the nail through the 

drilled entry hole; d. Both nails are advanced after the reduction that nail. 
 

Postoperatively: Operated limb was immobilized if 

needed. Patients were started on static quadriceps 

exercises as soon as the pain subsided. After 2 days, the 

range of motion exercises were started, partial weight 

bearing was started after visible callus seen. With 

radiological evidence of union usually after 6-9 weeks, 

full weight bearing was started. Follow up were carried 

out at 6, 12 and 24 weeks and thereafter on every 2 

months for 12 months. Follow up antero-posterior and 

lateral radiographs were reviewed at each postoperative 

visit (Fig. 2). These radiographs were analysed for 

callus formation, implant position, coronal and sagittal 

plane mal-alignment and shortening across fracture site. 

Clinically patients’ range of motion of knee and hip 

joints, limb length discrepancy, degree of pain or 

swelling, condition of the wound and the skin were 

documented (Fig. 3).  

The results were evaluated according to the TENS 

scoring system used by FLYNN et al(2) as shown in 

Table 1. 

Statistical analysis was performed by a Bio statistician 

using the SPSS Statistics version II. 
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Fig. 2: a & b: Follow-up X-rays at 6 weeks and 3 months 
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Fig. 3: United case show full knee flexion 

 

Results 
A total of 20 children who underwent elastic stable 

intramedullary nailing for femoral diaphyseal fractures 

were evaluated in this study. Mean age of the patients 

was 7.9 years, ranging from 3 to 13 years. Sixteen 

(80%) were boys, and four (20%) were girls and most 

of them were victims of road traffic accidents. All 

patients were treated with Elastic Stable Intramedullary 

Nailing. Thirteen children (65%) had middle-third 

femoral shaft fractures and seven (35%) had upper-third 

and middle-third junction fractures. The demographic 

details, including the age and anatomical site of fracture 

are shown in Table 1. 

 

Table 1: Demographic characteristics of the study 

group 

 Total Boys Girls 

No. of patients 20 16 4 

5 – 10 years 60 % 10 2 

11-13 years 40 % 6 2 

Anatomical Site of fracture 

Middle-third femoral shaft 10 10 2 

Upper-third and middle 

third junction of third 

femoral shaft 

7 4 1 

Middle-third and lower 

third junction of femoral 

shaft junction 

3 2 1 

 

Eighteen (90%) cases were closed fractures and 2 

(10%) cases were type 2 open fracture. Seventeen cases 

could be closely reduced and fixed. In the remaining 

three cases, wound debridement followed by open 

reduction and fixation with titanium elastic nails. All 

children could be able to do the active hip and knee 

range of motion exercise on 2nd postoperative day, 

partial weight bearing around 3-4 weeks. The mean 

follow-up was 18 months (ranged 6 - 24 Months). All 

fractures were united between 7-12 weeks, with average 

ime of union being 8.3 weeks. All patients had good 

range of movements of hip and knee joints except 3 

patients with terminal limitation of knee movement 

possibly due to the nail protrusion they had. They 

regained full range of motion followed a course of 

physiotherapy. Six patients (30%) had limb shortening 

of 1-2 cm and nine patients (45%) had less than 1cm 

which was not clinically significant (P<0.026) and five 

patients (25%) had 2-2.4cm which was gradually 

corrected to 1 cm on 1 year follow-up .Surgical site 

superficial skin infection was seen in one case which 

was subsided with a course of oral antibiotics. One 

patient had anteroposterior angulation of >100 and three 

had <100. Varus/valgus angulation and rotational 

malalignment was never observed in our study group. 

The complication details are shown in Table 2. 

 

Table 2: The complication details of the cohort 

 

TENS scoring system by FLYNN et al shows 

excellent results in 12 patients (60%), good results in 6 

patients (30%) and poor results in only 2 patients (10%) 

(Table 3). 

 

Table 3: TENS score by FLYNN et al of the study 

group 

Criteria Excellent Good Poor 

Limb length 

discrepancy 

9 (45%) 6 (30%) 5(25%) 

Angulation 16 3 1 

Pain 10 8  

Complication 15 4 1 

Complications 
No. of 

cases 
Percentage 

LLD 

<1cm 9 45% 

1-2cm 5 25% 

>2cm Nil Nil 

Infection 1 5% 

Delayed / non union Nil Nil 

Nail protrusion 3 15% 

Pain 1 5% 

Knee flexion 

at 12 wks 

00-1600 18 90% 

<100-1100 2 10% 

<300-900 Nil Nil 

Radiogram 

angulation 

<50 16 80% 

50-100 3 15% 

>100 1 5% 
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Discussion 
It has been commonly accepted that surgical 

intervention is indicated in pediatric femoral shaft 

fracture in age group of 4-16 years associated with open 

fracture, polytrauma, concomitant head injuries and 

neurovascular injuries.(3) However literature review 

suggests that surgery can also be considered for isolated 

femoral fractures in children. 

Due to various benefits such as earlier return to 

function, less joint stiffness, less wound complication, 

less mal-union or non-union, reduction in duration of 

hospitalization and cost effectiveness makes the flexible 

intramedullary nailing as one of the best methods of 

choice in children.(4) 

In children, intervention using elastic nails is 

technically easier than the use of rigid nails. In our 

study, we restricted our analysis to find the efficacy of 

this technique by finding average duration of hospital 

stay and time taken for radiological union. We also 

concentrated on finding out the common complications 

and their incidence. We evaluated results of our study 

group and compared them with those obtained by 

various other studies utilizing similar fixation 

technique. 

In our study, majority of the patients (No. 14 

[70%]) were in the age group of 6-10 years.(5) The 

youngest patient was 5 years and the oldest one was 12 

years. Mean of the age group was 7.9 years. This 

finding was similar to other studies where the mean age 

in their group was 9.6 years and 8.6 years 

respectively.(6-8) In our study, there were 11 (55%) 

cases of transverse fracture, 3 (15%) cases of oblique 

fracture 6 (30%) cases of spiral fractures. In our study, 

middle third of the femur was the common site of 

injury. Similar findings were obtained in other 

published studies.(8,9) 

Most of the femoral shaft fractures in children are 

closed injuries.(10) In our study, 18 (90%) cases were 

closed fractures and 2 (10%) cases were type 2 open 

fracture. These data showed that open femoral fractures 

are rarely seen in infants and younger children 

compared to adults. 

This is because of immature bone’s inherent 

flexibility and reduced tensile strength which makes the 

bone tend to bend before it breaks. Moreover the edges 

of fracture fragments are not so sharp, so penetration of 

the soft tissue occurs less frequently. 

Though evidences(7) reported that no other 

immobilization treatments like plaster or orthosis were 

required, we used long leg slab in one of our patients to 

maintain the reduction because the site of fracture was 

more proximal with long spiral pattern. We also used 

skin traction in two children to maintain the reduction 

in long spiral fractures anticipating the postoperative 

displacement. 

The average duration of hospital stay in the present 

study was 7.3 days. Studies by different authors shown 

the mean hospital stay was 12 days,(11) 7.8 days(7) and 

9.43 days(8). The reduced hospital stay in our study 

could be because of proper selection of patients, stable 

fixation and absence of serious complications. Average 

duration of confinement to home (return to school) was 

62 days while it was 51 days(12) and 48 days(4) in the 

various studies conducted in past. 

In the present study, average time taken for union 

was 8.3 weeks. In the published various studies, 

average healing time was 7.73 weeks,(8) 8 weeks(12) and 

8 weeks(13) respectively. In our study, closed reduction 

of the fracture was done in 85% of the cases, leading to 

preservation of fracture hematoma and no soft tissue 

dissection around the fracture site. Early physiotherapy 

was also started for most of the patients. These may be 

the reasons for rapid union of the fractures compared to 

compression plate fixation. 

Regarding the complications of this technique, limb 

length discrepancy was the most common complication. 

In the present study, average limb length discrepancy 

was 0.5 cm. No patient in our study had significant limb 

length discrepancy (i.e.,> ±2 cm). Comparing to limb 

length discrepancy in other studies using similar 

technique and conservative methods, limb length 

discrepancy in our study was within the acceptable 

limits. This minimal limb length discrepancy had not 

produced any functional disability during the follow-up 

functional assessment. 

In our study, nail impingement at the insertion site 

was seen in 3 (15%) patients due to increased length of 

the nail outside the bone at the insertion site. The first 

patient needed a second intervention surgery in order to 

have the tip of the nail trimmed since she had severe 

pain and knee stiffness. Previous studies(7,8) also 

reported same incidence of this complication. This 

complication could be avoided in our subsequent cases 

by the appropriate trimming of the nail outside the bone 

which is recommended as 2-2.5cm. 

All patients had full range of hip motion in the 

present study, while 6 (30%) patients had terminal 100 

restriction of knee movements (flexion) which was 

corrected by immediate physiotherapy. Two (10%) 

children had restriction(less than 100 - 1100 arc) in knee 

flexion at 4 months, but normal range of knee flexion 

was achieved at 8 months by the continuation of 

physiotherapy. One study(13) demonstrated a significant 

loss of motion at the knee in 14 (53.84%) patients. 

Superficial infection was seen only in one case of 

our series and which was subsided with a course of oral 

antibiotics. Infection is more common in the other 

modes of surgical treatment compared to flexible 

intramedullary nailing because pin tract infection is a 

major disadvantage of external fixation application and 

excessive exposure leads to increased risk of infection 

in plating method. 

Some degree of angular deformity is frequent after 

femoral shaft fractures in children, but this usually 

remodels during growth. In our study, there was no 

varus/valgus mal-alignment. There were antero-
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posterior angulations in 4 patients, of which 3 (15%) 

had 5-100 and one had 120. None of the patients in our 

study had significant rotational deformity which was 

clinically assessed by out-toeing or in-toeing of the 

foot. The minimal antero-posterior angulations of our 

four cases did not produced any disability and it was 

reduced during the follow-up visits. 

One study(14) reported universally good results in 

141 fractures without a single complication whereas 

another study(4) had only one poor result in 58 fractures. 

Several other authors have reported variable rates of 

complications. 

Evidence(12) reported an overall complication rate of 

49% (21/43) but only 2 cases had major postoperative 

complications while the others had only minor 

complications. We also had overall 6 patients with mild 

complications (30%) and 2 patients had major 

complications (10%). The advantages we found through 

the present study include ability of closed reduction in 

majority of cases with minimum complications and 

reduced hospital stay. Since the implant is a load 

sharing device, which would help the fracture to heal by 

secondary callus formation which is stronger and risk of 

refracture or implant breakage is hence minimized.(15) 

 

Conclusion 

Based on our experience and results, we conclude 

that Elastic Stable Intramedullary Nailing technique is 

an ideal method for treatment of pediatric femoral shaft 

fractures. It gives elastic mobility promoting rapid 

union at fracture site and stability which is ideal for 

early mobilization. It gives lower complication rate and 

permits early return to school when compared with 

other methods of treatment as per the current evidences. 
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