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Closed Flexible lntramedullary N ailing for 

Pediatric Femoral Shaft Fracture 

Viral S‘Shah. M. D‘ 

Department of Orthopaedic Stlrgery， Bapunagar， Ahmedabad， India 

Abstcact : Intramedullary naíling with flexible nails is an easy and safe method to avoid 

plaster immobilízation for a diaphyseal fracture in childhood. This method issafe as an elective 

trauma surgery and is especially useful in polytraumatized children. This retrospective study 

reviews our results with f1exible intramedullary nail fixatíon ín 57 patients(61 limbs). The 

purpose of this retrospective study was to investigate the advantages and disadvantages of 

using a flexible intramedullary nail for treating pediatric shaft femur fracture. When indicated， 

we prefer intramedullary naíling fixation depending upon age， fracture pattern， and size of 

canal. Surgical expel允nce and careful judgments are requíred to decide on the appropríate 

treatment in each case. 

Introduction 

The management of pediatric femoral frac

tures varies considerably with the age of the 

patient， level of fracture， degree of communi

tion， and the preference of the treating physi

cian. Current treatment options il】c1ude early 

spica casting， traction followed by spica cast， 

external fixation， plate fixation， and f1exible 

11】tramedullary nails. 

明rith the development of a new generation of 

pliable pins of different thickness， f1exible 

intramedullary nailing has emerged as a treat

ment of choice for treating a femoral shaft 

fracture Ìl】 a child， especially for emergency 

trauma surgery. 11】tramedullary nails to fix 

femoral shaft fractures， was first advocated by 

Griessman8l and Kuntscher， who used the rods 

they designed The technique was made popular 

by El】der al吋Simon-Weidner in Europél and 

by Pankowitch in USA 14) The reasons for the 

popularity of this treatment is the advantage of 

earlier union， high bony union rate， earlier 

mobiliza tion， shorter hospitalization， and signif

icantly less economic stress， with a low inci

dence of any complications such as shortening， 

malunion， infections and neurologic complica

tions. The operative treatment for a pediatric 

shaft femur fracture has few indications， since 

children tolerate conservative treat:rnent quiet 

well. Generally accepted indications includell 

multi勾/stem/multiple 101】g bone iníury2l Failure 

of conservative treatment(antero posterior/ 

lateral/rotational angulation > 10 degrees， 
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Table 1 Mechanism of Injury 

No. of Patients 

Vehìc\\lar Accìdent 11 

PE丈lestrìan Accident 23 

Fall from Height 13 

Domestic lnj\\ry 09 

Pathological Fractme OS 

Table 2 Fracture Demographícs 

Location No Pattern No. 

S\\btrochanteric 08 Transverse 29 

Proximal 1/3 11 OblìQ\\e lS 

Middle 1/3 37 Spiral 10 

Distal 1/3 OS Commìn\\ted 07 

Table 3 Ender's nailing outcome 

Excellent res\\lt Sa tisfactory result Poor res\\lt 

Artic\\lotrochanteric distance variation 

Rotational malalìgnment 

Pain 

Complication 

Patient res\\lt (n = ) 

く 1 . 0 c m

く 7 de五:rees

None 

None 

44 

shortenÌl】g > 2 cm) 3) adolescence'l head Injury5) 

dermatologic disorders contraindicating plaster 

management叫pathologic fractureηsocial rea

sons-Psychological， educational， and economic 

reasons Intramedul1ary nailing has been our 

preferred treatment whenever possible. The 

purpose of this study was to review 01:町experi

ence from using c10sed flexible intramedullary 

nailing for pediatric femoral fractures， with 

reference to results and complications. 

Materials and methods 

Between November， 1999 and December， 

2004， 57 patients(61 fractures)， with an age 

range of 3-15 years， were managed using c10se 

flexible intramedullary nails at Civil Hospital， 

Ahmedabad and Model Hospita1. Alulledabad 

The mechanisms of injury that lead to these 

femoral shaft fracture were as fol1ows: pedes

trial】 accident: -23 patients: vehicular acci

dent: 11 patients: fal1 from height: 13 

patients : domestic injury: - 09 patients and 

pathological fracture : -05 patients. The major

ity were pedestrian accidents 

Four patients had bilateral shaft femur frac

tures. Six patients had multiple injuries. Frac-
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1 2cm > 2 c m  

7 1 0  degrees > 10 degrees 

Sìgnificant/Lasting 

Mìnor/Resolved Major Complìcatìon 

and/or lasting 

17 。。

ture demographics showed tha t 37/61 fractures 

in this series were in the middle 1/3 of the 

femur， 8 fractures were in the subtrochanteric 

region， 11 fractures were in the proximal 1/3 

while 5 were in the dista11/3. 29 fractures were 

transverse， 15 fractures were oblique， 10 frac

tures were spiral， 7 fractures were comminuted 

al叫3 were open (2 grade 11 al叶01時grade 1 ). 

The average age of the patients in this study 

was 6 years(range 3-15 years). 

In 43 cases， two retrograde nails were used 

01時from the medial side and the other from the 

lateral side. h】 another 13 cases， one retrograde 

ender nail was used. w hile in another 5 cases 3 

nails were used-ol児 antegrade nail was used in 

adclition to two retrograde nails. AI1 patients 

were given high above-knee plaster cast for 2-

3 weeks followed by femoral brace for 3 4 

weeks. The average hospital stay was 5-7 days 

for an isolated femur fracture. N on-weight 

bearing was started on average at 3 weeks ancl 

weight bearing was startecl a t 6-8 weeks depen

clÌl】g upon radiological eviclence of callus forma

tion. 

In 5 cases， open reduction was required (Jn 3 

Patients clue to failure of conservative treat-



Fig.l. 

M/8 Years 
a : Pre-op 

b : Post op 

Fig.2 

M/8 Years 

ment in 1 patient due to pathological fracture 

where cortex was paper thin al】d ender nail 

used to come out from various site after enter

ing intramedullary canal， and in 1 case of com

minuted fracture where we could not negotiate 

出e el】der nail through fracture site using the 

c10se method). Jn 7 cases， postoperative skin 

irritation occurred due to the nail backing out， 

but there was no problem with fracture union in 

these cases. and the nail was removed after 6 

weeks， in all these cases. In the remaining cases 

the nail was removed on average after 6 

months. 

Operntive technique 

Medial al吋lateral incisions were made above 

the knee centered on the femoral epicondyle. 

about 2・2.5 cm in length. Avoiding the 

geniculate artery. entry was taken 1 cm prox

imal to the distal femoral epiphyseal IÌl児. The 

nails were drivel】 proximally across the frac

ture site. After crossing the fracture site. the 

pins were rotated as necessary to realign the 

bone. Proximally the pins were impacted up to 

femoral neck/greater trochanter avoiding the 

epiphysis. Entry for a third antegrade nail， if 

required， was made 1.5 cm below the tro-
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chanteric epiphysis. 

Results 

Retrospective follow up was conducted at an 

average of 35.8 months(6 months�5 months) 

with a minimum fol1ow-up of 6 months. Charts 

and radiographs of all 57 patients(61 limbs) 

which were treated with f1exible intramedu

lIary nailing were evaluated Clinical and 

radiological criteria were used for the evalua

tion of the results. h】 radiological criteria， X 

rays findings 01】Iy were used for determining 

status of union， malalignment， and shortening. 

The average hospital stay was 6ふdays(range

5-20 days). A longer hospital stay was needed 

in patients明th multiple injuries， due to as

sociated injuries. A review of the literature was 

done to find out various associated complica

tions related to flexible intramedul1ary nailing 

in treating a pediatric shaft femur fracture and 

our restùts are discussed with respect to this 

revlew 

At follow up， six patients(8 fractures) 

showed a slight reduction in knee f1exion(10 20 

degrees) which gradually became normal within 

one year. N 0 or minimal tenderness was consid

ered as c1inical criteria， and good quality of 

bridging cal1us was considered as radiological 

evidence of bony union-seel】 in al1 cases at an 

average of 8_ 7 weeks(range 6-12 weeks). Limb 

length discrepancy was measured with tape. 44/ 

61 limbs had equal limb length on fol1ow-up， 

while 17/61 patients had a discrepancy between 

1 2 cm (average 1.7 cm). 

Jn seven patients， post-operative skin irrita

tion occu口ed around the knee due to backing 

out of the nail， without any infection， which was 

cured on implant remova1. No nonunion occur

red， and 01】Iy mild malunion was seel】 in 17 
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patients， which was clinically insignificant(The 

criteria used for detecting malunion is given in 

Table 3). Minor variation in the articulotro・

chanteric distance and neck-shaft angle were 

seel】 in 11 patients but they were clinically 

11】significal】t.

Discussion 

The problems of prolonged immobilization 

and complications associated with traditional 

spica casting and traction in treating a 

pediatric shaft femur fracture have made 

pediatric orthopaedicians try a variety of 

met hods3)4)) 0)1 11川Recent studíes have also ìn・

creased the awareness of the psychosocial， 

educational and economic effects of spica cast

ing on children and their families1S). The opera

tive stabilization of a pediatric diaphyseal frac

ture decreases ho司コitalization， shortens rehabil

itation time， and decreases the incidences of 

fracture malunion and shortening. External or 

internal fixation for operative stabilization has 

also been a controversy among orth

opaedicians. 

External Fixation has yielded g∞d results)). 

Complications reported in the literature include 

temporary loss in range of knee motion， pin 

tract infection， and even refracture after fix

ator removalω. Even with early dynamisation， 

external fixators may shield the fracture site 

from the forces necessary to encourage suffi

cient callus forma tion9). 

The ideal device to treat a pediatric femur 

fracture would be a simple， 10ad-sharÌl】，g il】ter

nal splint al10wing mobilization al】d maÌl】te

nance of alignment for a few weeks until bridg

ing callus forms9) The device would utilize a 

child's dense bone， rapid healing and ability to 

remodel without risking the physes or blood 



supply to the femoral head叫 Ender's nails are 

stainless steel implants that are effective for a 

pediatric femur fracture， proving to be a good 

candidate for an ideal device. Heinrich et al 

reportec1 excellent results and no significant 

problems in 78 chilc1ren口). Ligier et. al published 

an analysis of 123 femoral shaft fractures that 

were treated with pliable medullary nails. AII 

their fracture united with 13 significant compli

cationsI2). Fein et. al reported Ender's nail stabi. 

lization in twenty five femoral shaft fractures 

with all achieving union. He reportec1 12 

degrees and 20 degrees angulations， 1 3 cm 

overgrowth anc1 0.5-1. 5 cm shortening， in dif

ferent cases6). 

We used f1exible Ender nails of 2.7 mm， 3 

mm， and 3. 5mm for internally fixing the 

pediatric shaft femur fracture. We used close 

surgical procec1ure for oblique， transverse， spi

ral， displacec1 anc1 even open grade 1 fractures 

We found no major complication such as avas

cular necrosis of head of femurめ河川沿， infection， 

delayed union， malroration， trochan teric 

arrest川or coxa valga. Early mobilization was 

possible， and the duration and area of cast， if 

needec1， was very short. The results obtained in 

this study were comparable to those in previ

ously published studies， even though the indica. 

tions and appropriate age limits were expand. 

ed 

1n the light of our experience， we recommend 

intramedullary stabilization using f1exible 

intramedullary nails in chilc1ren in the age 

group 3-15 years，明th an oblique， transverse or 

even spiral fractures， and even certain segmen. 

tal fractures. Polytrauma patients， floating 

knee injuries， associated head injuries with 

spasticity20)， associated dermatological dis

orders， and any pre existing pulmonary dysfun-

ction can be good relative indication for opting 

for close flexible intramedullary nailing in 

pediatric shaft femur fracture7)lω. The opera. 

tive stabilization of a pediatric dialコhyseal frac

ture decreases hospitaliza tion， shortens rehabil

itation time， decreases the incidence of fracture 

malunion and limb shortening， and is田fe in 

right hands. 
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