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Abstract  Fracture of Tibia is the most common amongst pediatric fractures. Most tibial shaft fractures are treated 

conservatively with close reduction and above knee cast application. Surgery is indicated only when the fracture is 

unstable, open fracture and associated with multiple injuries. Flexible intramedullary nailing is commonly used for 

diaphyseal tibial fracture and is also well used in other long bone fracture. The advantages of flexible intramedullary 

nailing are minimal invasive surgery, short hospital stay and early weight bearing. The objective of this prospective 

study was to review the functional outcome of flexible intramedullary nailing in pediatric age group. In the study, 

the union time, weight bearing time and complications associated with flexible intramedullary nailing were observed. 

There were 18 children with fracture shaft of tibia treated at the Department of Orthopedics, Manipal Teaching 

Hospital, Pokhara, Nepal from April 2014 to March 2015. The protocol consisted in flexible intramedullary nailing 

of fracture shaft of tibia in children. Angulation, shortening and other complications were checked. In our study the 

average age of the patient was 8.2 years (range 6–12 years). Out of 18 children with fracture shaft of tibia 15 had 

close fracture and 3 had open fracture. All fracture cases treated with flexible intramedullary nailing had good 

alignment post operatively. The average age of the patient was 8.2 years (range 6-12 years). Sixteen children had an 

angulation of less than 5 degrees and 2 children had angulation of 5 to 10 degrees which was acceptable to the age 

group. The mean time of radiological union was 13.3 weeks with early callus formation of 4.3 weeks. The average 

time for full weight bearing was 8.8 weeks. The average hospital stay of the patient was 5.7 days (range from 3 to 16 

days). Fixation with flexible intramedullary nails in diaphyseal fracture shaft of tibia in pediatric age group is simple, 

effective, minimally invasive procedure with short hospital stay and having good outcome.  
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1. Introduction 

Fracture tibia is one of the common fractures in 

pediatric age group. It accounts about 10 to 15% of cases 

[1]. In majority of cases close reduction and plaster 

application is the main stay of the treatment [2]. Operative 

management in fracture tibia in pediatric age group is a 

matter of debate. Surgical intervention is indicated only in 

limited cases like failed close reduction, open fracture, 
fracture with neurovascular injuries, polytrauma patients, 

fracture with compartment syndrome and in older age 

group patients [3,4]. Unstable fracture in children of more 

than 10 years of age is also one of the indications for 

surgical intervention [5]. 

Flexible intramedullary nailing in long-bone fractures 

in pediatric age group has become popular because of its 

effectiveness and less complications. Studies have 

supported the use of flexible intramedullary nails in femur 

having advantages like closed insertion, fracture 

hematoma preservation and physeal sparing entry point 

[6]. 

Flexible intramedullary nails achieved biomechanical 

stability from its „C‟ configuration, which produces three 

points fixation and acts as an internal splint [7]. Flexible 

intramedullary nails allows controlled motion at the 

fracture site, which enhance callus formation [8]. 

There are many studies on flexible nailing in femur but 

very few studies are done on tibial fracture. This study 
was done to assess the outcome of flexible intramedullary 

nailing to treat tibial fracture in pediatric age group. 

2. Methodology 

This prospective study included 18 children (12 male 

and 6 female) with displaced fracture shaft of tibia (10 

right side and 8 left side). Out of these 18 children, 15 had 

close fracture and 3 had open fracture (Type I-2 and Type 
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II-1). All the patients were admitted in the Department of 

Orthopedics, Manipal Teaching Hospital, Pokhara, Nepal 

from April 2014 to March 2015. All patients were given 

above knee posterior slab prior to operation and pre 

anesthesia checkup was done.  

Sample size calculation: In a pilot study done prior to 

the study with 10 patients showed expected  proportion of 

limb length discrepancy was .9, Precision (%) = 14, and 
Desired confidence level (%)= 95. Required sample size  

was 18 [9]. 

Prior approval was obtained from the Ethical  

Committee of the Manipal Teaching Hospital.Consent in 

writing was taken from the parents of the children before 

the study. 

3. Operative Procedure 

All patients were operated upon under general 

anesthesia. The affected limb was cleaned and draped. If 
the fracture was open, wound debridement was done. The 

appropriate size of nail was determined preoperatively by 

measuring the narrowest diameter of the medullary canal 

and using Flynn‟s formula i.e. nail diameter = 0.4 × the 

diameter of the medullary canal. The nail was countered 

manually into a “C” shape. The nails tips were bent to 45° 

for easy passage of nail and to help in fracture reduction. 

Small stab incision was given about 2.5 to 3 cm distal 

to the proximal tibial physis. Then, blunt dissection was 

done to reach the cortical surface of tibia. The entry point 

was made with bone awl into the medial cortex. Then the 

medial nail was attached to the inserter and inserted 
perpendicular to the medial cortex. When the nail reached 

far cortex, the inserter was rotated to direct the nail 

towards the medullary canal. The nail was advanced to the 

fracture site, once the nail reached to the fracture site close 

reduction was done and nail advanced distally. The proper 

intramedullary position of the nail was checked in image 

in both anteroposterior and lateral views. The lateral nail 

was inserted in similar method. Both the nails are 

advanced distally till the tips are just proximal to the distal 

tibial physis. We left sufficient nail proximally for 

removal. It is important that both the nails are of same size 
to avoid differential loading in opposite cortices which 

may lead to angular deformity. 

After operation all the patients were given above knee 

posterior slab for a period of 6 weeks. Post-operative X- 

ray were taken including anteroposterior and lateral view 

full length of operated site. The patients were followed up 

in 2 weeks, 6 weeks, 12 weeks and 6 months. Patients 

were discharged on 3rd post-operative day except the 

children with open fractures who were discharged on 14th 

post-operative day after sutures were removed. 

4. Results 

In the study the average age of the patient was 8.2 years 

ranging from 6 years to 12 years. The average hospital 

stay of the patient was 5.7 days (range from 3 to 16 days). 

Three of the children had a longer stay because of the 

open fracture and for intravenous (IV) antibiotics for 14 

days. For close fracture cases a single dose of IV 

antibiotics was given followed by oral antibiotics for 5 

days. Callus was seen in children at an average of 4.3 

weeks (range from 3 to 9 weeks). All the children 

achieved complete healing (three cortex with bridging 

callus in radiograph) at a mean of 13.38 weeks (range 12–

18 weeks). Full weight bearing was allowed to all the 

children as tolerated. The mean time for full weight 

bearing in our study was 8.8 weeks (range 6 to 12 weeks). 

Table 1. Different Parameters with Mean Value and Range  

Parameters Mean Range 

Age (years) 8.2 4-12 

Hospital stays (days) 5.7 3-16 

Callus formation (weeks) 4.3 3-9 

Radiological union (weeks) 13.3 12-18 

Full weight bearing (weeks) 8.8 6-12 

At the time of final follow-up at six months, 16 children 

had angulation of less than 5 degrees whereas 2 children 

had angulation of 5 to 10 degrees and none of the children 

had angulation more than 10 degrees. The limb length 

discrepancy was less than 1 cm in 16 cases, 2 cases had 1-

2 cm of shortening and none of the case had more than 2 
cms. of shortening so there was no need or requirement 

for corrective intervention. Out of 18 children, 1 child had 

pain at the nail insertion site remaining 17 children had no 

pain. The final outcome for all the cases was positive and 

all the children had full range of movement at knee joint. 

Only 4 children complained of nail protrusion and skin 

irritation but there was no infection at the site. 

Table 2. Distribution of Complications at 6 Months 

Complications Cases [N (%)] 

Limb length discrepancy (cm)  

<1 16 (88.88) 

1-2 2 (11.11) 

>2 0 (0.0) 

Angulations (Degrees)  

<5 16 (88.88) 

5-10 2 (11.11) 

>10 0 (0.0) 

Pain at nail insertion site  

No 17 (94.44) 

Yes 1 (5.55) 

Limited knee flexion  

No 18 (100) 

Yes 0 (0.0) 

Nail protrusion and skin irritation  

No 14 (77.77) 

Yes 4 (22.22) 

5. Discussion 

Tibial fracture is one of the common fractures 

encountered in pediatric age group and requires 

hospitalization. More than 20% of fracture tibia requires 

hospitalization [10]. Usually diaphyseal tibial fractures in 

children are treated with close reduction and casting [2]. 

However, this procedure requires prolonged 

immobilization and regular follow-up. Malalignment and 
re-displacement are common, particularly in cases of 

isolated tibia fracture [11]. Operative treatment is 

performed to avoid above complications.  

The choices of implant for fixation of unstable tibia 

fracture are external fixation or plate and screw but they 

also had associated complications like infection, 

overgrowth, and refracture [12]. 
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In 2005, Kubiak et al compared elastic intramedullary 

nails with external fixators for the treatment of fracture 

tibia in children. In their retrospective study of 31 children, 

16 children were treated with Elastic Stable 

Intramedullary Nailing (ESIN) and 15 had external 

fixation. In the external fixation group, 7 bony 

complications (2 delayed unions, 3 nonunion and 2 

malalignment) and in the ESIN group only 1bony 
complication was observed respectively. For union in the 

external fixation group the mean time period was 18 

weeks whereas it was only 7 weeks for the ESIN group. 

This study showed that intramedullary nailing is superior 

to external fixation [13]. 

A simple load-sharing device should be the ideal device 

to treat pediatric tibial fractures. It should maintain 

alignment, allow mobilization and should not cross the 

physis. The procedure should facilitate easy insertion and 

removal after bony union. The flexible intramedullary nail 

satisfies most of these criteria and is being used by 
number of surgeons.  

There are few studies that were done previously that 

favored the use of flexible nail inpediatric tibial fracture. 

The result in their study is similar to the result in the study 

done by us. 

Study done by Liu P et al showed the average healing 

time 10 weeks and at final follow up all the children had 

full range of movement, two patient had shortening of 

limb of less than 1 cm but without any problem and there 

was no case of refracture [14]. 

In the study done by O‟Brien et al. in 16 tibial fractures, 
fixed with flexible intramedullary nails achieved a good 

functional outcome. They had 1 superficial infection, 6 

coronal and 7 sagittal angulations without any functional 

compromise. One child had a leg shortening of more than 

1.5 cm [15]. 

Qidawi et al described a retrospective review of 84 

fractures of the tibia treated with intramedullary Kirschner 

wires with a mean time to union of 9.5 weeks [16]. 

Wiss et al reported that 48 of 52 fractures of the tibia 

healed at a mean of 17 weeks. Three patients developed 

angular malformation > 7° and five had shortening > 1.2 

cm, but no functional restriction was noted [17].  
Vallamshetla et al studied 56 unstable fractures in 54 

children treated with flexible intramedullary nails. The 

mean time for union was 10 weeks (range 7–18 weeks). In 

their study, 2 children (4%) had leg length discrepancies 

of less than 2 cm, deep infection occurred in 2 cases, 2 

patients with significant comminuting had some 

progression of angular deformity. No patient had any 

rotational deformity. There was one death as a result of 

polytrauma [18]. 

El-Adl et al prospectively studied 25 tibial fractures 

treated with flexible intramedullary nails. All the cases 
had good results with few complications such as lower 

limbdiscrepancy and irritation at the entrance points of the 

nails [19]. 

Ahmed E K.F et al studied 20 children with fracture 

shaft of tibia, 14 close fractures and 6 open fractures from 

March 2012 to June 2013 treated with intramedullary nails. 

The mean age of the patients in the study was 11.3 years 

(range 5–15 years). In their study 15 (75%) cases had 

excellent result and 5 (25%) cases had satisfactory result. 

There was no poor result according to Flynn scoring 

criteria for ESINs [20]. 

Goodwin et al. studied 19 patients with fracture shaft of 

tibia treated with TENs [8]. The mean follow up was 13 

months and all the patients achieved union. Two patients 

had angulations of more than 10 degrees and 1 child 

developed physeal arrest which was clinically 

insignificant.  

Gordon et al retrospectively reviewed 60 

diaphysealtibial fractures managed with flexible 
intramedullary fixation. They achieved 45 bone unions 

within 18 weeks (average 8 weeks) [21]. In their study 5 

patients (11%) had delayed healing, 2 of them required 

secondary procedures for union (mean time of 41 weeks). 

In our study the bone union time was average 4.3 weeks 

(range from 3-9 weeks), complete radiological union was 

seen in an average of 13.3 weeks (range from 12-18 weeks) 

and none of the children had delayed union. It was noted 

that patients with delayed healing tended to be in the older 

age group (mean age 14.1 years). 

Comparing to the study done by Sommer et al our study 
shows better result over locking compression plate, in 

terms of postoperative complications[22]. In our study 

none of the case had refracture and deep infection whereas 

in Sommer‟s study they found 3% cases with refracture 

and 1% cases having deep infection.  

Similarly in the study done by Yusof et al the union 

time in percutaneous plating was 13 weeks which was 4.3 

week in our group which shows that union time in flexible 

nailing in much faster than platting group because of 

preservation of fracture hematoma and micro movement at 

the fracture site which facilitates fracture healing [4]. 

6. Conclusion 

In the pediatric tibial shaft fractures fixation with 

percutaneous Flexible Intramedullary Nailing (FIN) has 

many advantages over conservative and other operative 

techniques. Due to the low cost and easy availability of 

FIN it is popular among the Orthopedic surgeons. The 

procedure being minimally invasive with short hospital 

stay makes it cost effective.  

The amount of blood loss comparing to plating is very 

minimal. In contrast with the close reduction and plaster 
application, it helps in easy nursing care, early ambulation 

and avoids complications of prolonged immobilization.  

Limitation of this study is that it is a prospective study 

with small size of patient. The time duration for follow up 

is very less so we could not find the long term effect of the 

intramedullary nailing in this study. 
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