
Introduction

Femur shaft fractures in children accounts for 1-2% 
1,2of all fractures.  There is no consensus for optimal 

treatment of closed femoral shaft fracture. Over the 
past few decades, the pediatric femoral shaft fracture 
has been operatively managed rather than conser-
vative management because the former has more 

3,4rapid recovery and shorter immobilization.  Small 

children less than five year of age are treated with 
5close reduction and spica cast  and adolescent are 

managed with closed intra-medullary interlocking 
nails. The surgical treatment for the age group 

6between 7 to 10 years includes external fixation,  and 
7,8closed flexible intra-medullary nail.

The operative procedure for the fixation of femoral 
shaft fracture should preserve femoral blood supply, 
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Abstract  

Objective: The objective of this study was to compare external versus internal fixation for the treatment of 
femoral shaft fractures in children in terms of post-operative results. 

Method: This randomized controlled trail was done using probability simple random sampling technique 
from January 2012 to March 2016. Our sample size was 80 patients between 7 to 10-years of age with closed 
transverse femoral shaft fractures. Diagnosis was made on history, clinical examination and radiographs.  
These patients were divided into groups A and B. In group A, femoral shaft fractures were fixed with flexible 
intramedullary nail (IM) and in group B fractures were fixed with Arbeitsgemeinschaft für Osteosyn-
thesefragen (AO) External fixator. The results were compared in terms of hospital stay, time taken for fracture 
union, delayed union, non-union, infection rate, implant failure, limb length discrepancy and patient 
compliance. 

Results: Out of total 80 patients, Majority 21 patients (52.5%) in group A were between the ages of 7 to 8-year  
with their mean ages (8.38±0.9967), and in Group-B was 22 (55%) were between 9 to 10-year with  with 
mean ages (8.492±1.076). Mean union time with standard deviation (Mean±SD), in group A was 
(9.375±1.371) and in Group B, it was (8.9±1.38) weeks. 

Conclusion:  External fixation with Arbeitsgemeinschaft für Osteosynthesefragen (AO) External fixator 
was found better treatment option for osteosynthesis in children femoral shaft fractures in terms of union, 
short hospital stay, low infection rate and better patient's compliance.
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avoid damage to physis and achieve adequate fracture 
9stability.  Both the flexible intramedullary nailing and 

external fixator for the shaft of femoral fracture 
preserve blood supply, don’t damage the physis and 

10-12provide adequate fracture stability.

New fixation techniques have been used according to 
the patient age, location of the fracture, associated 

13,14injury and duration of hospital stay.  Spica cast is 
used in children ≤ 5-years of age and it is associated 
with shortening and loss of reduction with older 
children who required prolong immobilization in cast 

15
and traction.  Internal fixation with plate and screw 
has complications of blood loss, periosteal damage, 
deep infection, implant failure, prolong hospital stay 

16
and re-operation.  Treatment in this age group with 
intramedullary interlocking nail is associated with 

17
physeal growth arrest.  The mode of treatment for 7 
to 10 year child with fracture of shaft of femur is still 
debatable. 

Therefore, in this study, we have compared both these 
surgical procedures in term of post-operative out-
comes. 

Methods

This study was carried out at the Department of 
Orthopedics Surgery and Traumatology, Mayo 
Hospital, Lahore, using probability simple random 
sampling technique. The duration of the study was 
four years and three months from January 2012 to 
March 2016. We recruited 80 patients and divided 
them into group A and B. Our target population was 
patient between 7 to 10 years of age with closed 
femoral transverse shaft fractures. Diagnosis was 
made on history, clinical examination and radio-
graphs. In group A, femoral shaft fractures were fixed 
with flexible intra-medullary (IM) nail and in group B 
fractures were fixed with Arbeitsgemeinschaft für 
Osteosynthesefragen (AO) External Fixator.

After approval from ethical board of the hospital, 
purpose of the study was explained to the parents of 
the child. The consent was carried out from parents of 
children between 7 to 10 years of age. All children 
were admitted in the ward, and temporarily immo-
bilized with skin traction which was suspended with 
weight equal to 4lb. Inclusion criterion of the study 
included all patient between 7 to 10 years of age who 
had close fracture shaft of femur. Patient having 

previous surgery for fracture shaft femur were exclu-
ded from the study. We collected data on a pre-
designed questionnaire. External fixation and flexible 
intramedullary nail were done under image intensi-
fier. The length and diameter of the nail was measured 
from the contralateral X-ray of the femur. Data was 
collected from each patient including its demography, 
mechanism of injury, and side of the bone involved. 
The follow up period was ranged from 7 to 14 weeks 
after fixation of the fracture. Follow up data of all 
patients was taken to assess union, infection, delayed 
union and non-union and limb length discrepancy, 
implant failure and patient compliance. 

nd th th thPatients were followed at 2 , 5 , 9  and 14  weeks 
th th

with 4  and 6  month. Upon every follow up, both 
clinically and radiologically to assess the union, 

18
delayed union, non-union, by using Hammers et al  

19
criteria, while infection by south Hampton criteria,  
implant failure and patient’s compliance. Limb 
length discrepancy (LLD) was assessed by compa-
ring and measuring with un-affected limb clinically 
and with the help of measuring tap respectively.

Partial weight bearing was in patients treated with AO 
external fixator was started at 3-5 weeks and complete 
weight bearing was started at 9th weeks post opera-
tively. The AO external fixator was dynamized when 
three cortices union was observed radiographically. 
Patients attendants were advised to clean the fixator 
with normal saline 0.25% and apply pyodine gauze 
around pins on every follow up. All fixators were 
removed in outpatient department (OPD) under local 
anesthesia. Partial weight bearing in patients treated 
with IM nailing was started 4-6 weeks. The similar 
instructions were given to clean the exposed nail. IM 
nail under general anesthesia were removed in opera-
tion theater between mean of 26 weeks post-opera-
tively. 

Data was analyzed with help of SPSS version 20.0. 
Quantitative variables like age were presented in 
mean ± S.D. Qualitative variable like gender were 
presented in frequencies and percentage. For 
comparison of two groups, external versus internal 
fixation, we applied Student’s Chi-square with 
differences regarded to be significant at 5% level 
while outcomes of treatment difference was 
computed by independent t-test.

In supine position under general anesthesia, patient 
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put on traction table, and reduction of fracture was 
done under image intensifier. Pre-angled nail i.e. 
440mm length and 2.0-4.0 mm length which were 
angled at 45°, about 2cm from one end were used. 
With the help of awl, approximately 2cm above the 
physis, an entry point was made. A nail loaded onto a 
T handle was then inserted through the entry point 
into the medullary canal, by rotator movements of the 
wrist joint and advanced upto the fracture site. 
Another nail was introduced using the same tech-
nique from medial side and advanced upto fracture 
site. Both nails were crossed the fracture site one by 
one in already reduced fracture under guidance of 
fluoroscopy. Traction was released when the nails 
crossed the fracture site and then they were advanced 
further. Medial nail was advanced till it was within 2 
cm of proximal femoral capital physis whereas lateral 
nail was inserted till it was about 1 cm from greater 
trochanter physis. Nails were left protruding about 
0.5 to 1.0 cm at the distal end for easy removal later 
on. Postoperative period limb was elevated with 

pillow.

In supine position under general anesthesia, fracture 
was reduced under image intensifier. With help of 
controlled power drill and 2.7mm bit, a hole was 
made in proximal and away from the fracture site 
within 2cm of physis that involved both cortices. 
Shanz screw of 3mm was loaded on T handle and 
forwarded in already made hole till both cortices are 
engaged. Similarly, a hole distal and away from the 
fracture within 2cm of the physis was made and 
Shanz screw was fixed. Shanz screw were connected 
with the 3.5mm rods to maintain length and hold 
anatomic reduction of fracture. Two holes, about 
2.5cm away from the fracture site, both proximal and 
distal end of fracture was made and Shanz were fixed 
passed through the rods. Reduction was confirmed 
under image intensifier. 

Results

Out of total 80 patients, there were 42 (52.5%) males 

Table 1:  Demographic Characteristics According to Treatment 

Variables
IM Rods

(n=40) (%)
AO External Fixator

(n=40) (%)
N=80 (%) p-value

Gender

· Male
· Female

23 (57.5%)
17 (42.5%)

19 (42.5%)
21 (52.5%)

42 (52.5%)
38 (47.5%)

Age in years

· 7-8 
· 9-10

21 (52.5%)
19 (47.5%)

18 (45%)
22 (55%)

39 (48.75%)
41 (51.25%) 0.467

Mean Age±SD (years) (8.38±0.9967) (8.492±1.076)

Side of the fracture

· Right side
· Left side

21 (52.5%)

19 (47.5%)

16 (40%)

24 (60%)

37 (46.3%)

43 (53.7%) 0.32

Mean hospital stay (Days) 2.20±1.042 2.12±0.722 0.008

Mechanism of Injury

· Fall from height
· RTA

13 (32.5%)
27 (67.5%)

11 (27.5%)
29 (72.5%)

13 (16.2%)
67 (83.8%) 0.071

Level of the Bone

· Mid shaft
· Proximal 3rd

· Distal 3rd

26 (65%)
4 (10%)
10 (25%)

28 (70%)
6 (15%)
6 (15%)

54 (67.5%)
10 (12.5%)
16 (20%) <0.001

Complications

· No complications
· Delayed union
· Non-Union
· Pin tract Infection
· Deep Infection
· LLD

36 (90%)
02 (5%)

01 (2.5%)
00 (00)

00 (00%)
01 (2.5%)

30 (75%)
01 (2.5%)
01 (2.5%)
07 (17.5%)

00 (00%)
01 (2.5%)

66 (82.5%)
03 (3.75%)
02 (2.5%)
07 (8.75%)

00 (00%)
02 (2.5%) 0.757

Mean Union (Weeks) 9.375±1.371 8.9±1.38 0.769

RTA= Road traffic accident, LLD= Limb length discrepancy. IM= Intramedullary nail, AO= Arbeitsgemeinschaft für Osteosynthesefragen
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and 38 (47.5%) females. Majority, 21 patients (52.5 
%) in group A were between the ages of 7 to 8-year  
with their mean ages (8.38±0.9967), and in Group-B 
was 22 (55%) were between 9 to 10-year with  with 
mean ages (8.492±1.076). Mean union time in group 
A was (9.375±1.371) weeks and in Group B, it was 
(8.9±1.38) weeks. Majority 67 (83.3%) of the 
fractures were caused by road traffic accident and 13 
(16.3%) were caused by fall from height. In group A, 
21 (52.5%) were right side and 19 (47.5%) were left 
side fractures, similarly, in Group B, 16 (40%) were 
right side and 24 (60%) were left side fractures. Mean 
hospital stay in Group A was 2.20±1.042 days and in 
Group-B was 2.12±0.722 days. When we evaluated 
the level of fracture bone, in Group A, 26 (65%) had 
fracture at mid shaft level, 04 (10%) had proximal 3rd 
and 10 (25%) had distal 3rd fractures, similarly in 
Group B, 28 (70%) had mid shaft level, 06 (15%) had 
proximal 3rd and 6 (15%) had distal 3rd fractures of 
femur. The mean union time in Group-A was 9.25± 
0.543 weeks and in group B was 9.02±0.767 weeks 
(Table 01). Patients compliance was good in 23 
(57.5%), satisfactory in 13 (32.5%) and poor in 04 
(10%) patients in group A and it was good in 26 
(65%), satisfactory 11 (27.5%), and poor in 03 (7.5%) 
patients in group-B. The independent t-test was 
applied with site of injury and two treatment methods 
including with intramedullary nail and AO external 
fixator. It was found statistically significant (p-value 
< 0.001). (Table 2).

Discussion

The treatment of femoral shaft fracture particularly 
between 7 to 10 years of age has various management 
options. Every treatment has its merits and demerits. 
Amongst operative treatment, flexible inter-medu-
llary (IM) nailing and external fixation with AO 
fixator are the two different options.

The overall union was found excellent in both the 
treatment methods which was found in 78 (97.5%) 
patients. When we compared the union in two groups 
in our study, the mean time taken for union in patients 

managed with flexible intra-medullary nailing was 
9.375±1.371 weeks and in group B with AO external 
fixator was 8.9±1.38 weeks. Our data is consistent 

20with Bhuyan et al.  who reported mean union time 
9.5 weeks in fracture shaft of femur treated with IM 

21 
nailing. Chaudhuri et al. reported mean union time at 
10 weeks in children treated with IM nailing. Khan et 

22
al.  reported mean union time 10 weeks while it was 
low in our study which was observed at 8.9±1.38 
weeks. 

There was only one (2.5%) case of LLD, while 
23

Yaokreh et al.  reported LLD in 15% children treated 
with IM nail. There is difference in LLD which was 
low in our study. The most common mode of injury 
was RTA 67 (83.8%) in our study which was high, 

24campared to 55 % reported by Kumar et al.  The 
mean hospital stay in group A treated with IM nailing 
was 2.20±1.042 days and in Group-B treated with AO 

25fixator was 2.12±0.722 days. Mani et al.  reported 
mean hospital stay of 2 days in his data. The hospital 
stay with IM group was comparable to other group 
and it was similar in both groups. The pin tract 
infection was present in 07 (17.5%) cases treated with 

13AO fixator and Imam et al.  reported pin tract 
infection in 02 (10%) cases. All pin tracts infections 
healed till last follow up. They were treated with re-
assurance and oral antibiotic. 

In this study, patients treated with AO external fixator 
had primary union in 30 (75%) patients, 01 (2.5%) 
delayed union, 01 (2.5%) non-union and 07 (17.5%) 

17pin tract infection while Sela et al  reported 110% 
union with external fixator and one pin tract infection. 
All patients with external fixator had implant removal 
in out-door patient department under local anesthesia 
which is the advantage in implant removal while 
patients with internal fixation were re-admitted for 
removal of implant.  

Early mobilization with crutches was more practical 
with external fixation than internal fixation resulting 
in better parents and patient compliance. It started at 
9th week after the surgery. There was loosening of the 

Table 2:  Independent T-Test of Intramedullary Nail & AO External Fixator with Site of the Injury

Variables n Mean Standard Deviation t p-value

Site of the Injury

· Intramedullary Nail

· AO External Fixator

40
40

2.15
1.525

0.57957
0.8161

3.949 <0.001
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pins in external fixation which were removed during 
follow up of the patients. All the treatment had better 
results, but they were good in case of external fixation 
than closed IM rods. 

Conclusion

Based on our experience and results we concluded 
that external fixation with AO external fixator is better 
option for treatment of pediatrics femoral shaft 
fracture. It promotes rapid union which is ideal for 
early mobilization, with lower complication rate and 
better outcomes. It is simple, rapid, reliable and 
effective method for management of pediatric 
femoral shaft fracture between 7 to 10 years of age, 
good union, short hospital stays and minimum 
complications.
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