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Abstract 
Introduction: The treatment of paediatric femoral fractures has been evolving from nonoperative modalities to operative 

intervention, especially in older children. Different methods of fixation include flexible intramedullary nailing, modified locked 

intramedullary nailing, external fixation, open compression plating, and sub muscular bridge plating. Treatment of complex 

paediatric femur diaphyseal fractures is difficult by conventional methods. External fixation can lead to malalignment and 

refractures, casting is difficult for polytrauma patients and larger children, elastic nails do not provide adequate stability to unstable 

fractures and metaphyseal areas, and lateral trochanteric entry rigid nails are unsuitable for very proximal and distal fragments and 

are ideal for older children for the want of larger medullary canal. Sub muscular bridge plating has emerged as a viable alternative 

procedure. We present our results of sub muscular bridge plating in 12 patients. 

Materials and Methods: We retrospectively reviewed 12 patients with pediatric diaphyseal femoral fractures treated with SBP 

from 2014 to 2016. The average age was 9 years with follow up of 1yr. 

Results: All the children had complete union and could return to full activity. Two patients had superficial infections. There were 

no cases of significant malalignment or leg length discrepancy. Implant removal was performed in 8 patients without complications.  

Conclusion: We find sub muscular plating of paediatric femoral fractures to be an effective and reliable procedure. SBP is a 

minimally invasive technique that allows early mobilization with minimal complications. 
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Introduction 
Femoral shaft fractures account for 1.4% to 1.7% of 

all fractures seen in paediatric population.1 Treatment for 

paediatric femoral fractures has been evolving from 

conservative to operative intervention especially in older 

children, more than 5 years of age.  

Children younger than 6 years of age can be 

managed conservatively by traction and spica cast 

application.2 Increased cost of hospitalization, 

probability of malalignment and prolonged 

immobilization due to conservative method has led to 

shift towards operative intervention in older children. 

Different modalities described are intramedullary nailing 

by flexible or rigid nails, external fixation, traditional 

open reduction and plate fixation and sub muscular 

bridge plating. Goals of any operative treatment 

modality are to preserve femoral blood supply, avoid 

damage to the physis and achieve adequate fracture 

stability. 

Titanium Elastic Nailing System (TENS) is the 

preferred modality of treatment for children under 11 

years. It is suitable for stable midshaft fractures. 

However proximal and distal fractures, spiral and 

comminuted fractures and fractures in heavy children 

(40–45 kg) may have suboptimal outcome with TENS 

with higher complications.3-5 External fixation may lead 

to refracture, malunion, delayed union, pin tract 

infections and unsightly scars.6-9 Rigid intramedullary 

nails with piriformis fossa as the entry site raise 

possibility of damaging the vascular supply to the 

femoral head, resulting in avascular necrosis. Utilizing 

nails with greater trochanter entry points also do not 

completely obviate this problem.10-13 There is a risk for 

growth arrest of the greater trochanter apophysis 

resulting in coxa valga and heterotopic bone formation if 

the trochanteric physis is violated.12 For fixation with 

rigid intramedullary nails, medullary canal should be 

large enough to accommodate width of nail. Rigid nails 

are thus indicated for shaft fractures in older children 

with wider medullary canals, but for smaller children 

inserting intramedullary interlocking nails may not be 

possible. Fractures in proximal 1/3rd and distal 1/3rd may 

not gain adequate stability with intramedullary nails due 

to smaller length of nail-bone contact.12-15 Traditional 

open reduction and application of compression plate 

requires long incisions and more soft tissue dissection. 

Therefore it has a higher risk of infection and delayed 

healing with a reported reoperation rate of 10%.16 

Sub-muscular bridge plating (SBP) for diaphyseal 

femur fractures was first reported for adult patients in the 

late 1990s.17 As the procedure began to gain acceptance 

among Orthopaedic surgeons similar principles were 

applied for treatment of fractures in the pediatric 

population. The advantages include a minimally 

invasive, soft tissue preserving approach, relative 

stability that allows for early ROM and reliable healing. 

We present our results of SBP in 12 patients with 

minimum follow up of 1 year. 

 

Materials and Methods 
Our indications for SBP were displaced pediatric 

femur diaphyseal fractures that were unstable (with 

multiple fragments or spiral) and/or with a short 
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proximal or distal fragment. The contraindications were 

active infection of the surgical site, open fractures. 

Fracture type was classified according to the 

OTA/AO classification18 as follows: A (simple, 

transverse or short oblique), B (wedge-shaped middle 

fragment), or C (complex, with multiple fragments). 

During a 3-year period, we treated 13 patients (12 

boys, 1 girls) with femoral fractures by sub-muscular 

bridge plating. Mean age at the time of surgery was 9 

years (range 5– 14 years). All the available treatment 

options (conservative and surgical) and the advantages 

and disadvantages of each option were discussed with 

parents so that an informed decision could be made. 

Patients were assessed on admission and kept in 

balanced Thomas traction until the surgical intervention. 

4.5mm narrow low contact dynamic compression 

plate (LC-DCP) plates were utilized in 6 patients and 

4.5mm DCP plates in remaining 7 patients. 

Intraoperatively radiolucent table used with both legs 

draped free for estimation of length and rotation. Plate 

was contoured as per location of fracture along length of 

femur. Care was taken to avoid physeal injury. 

Depending on fracture site, proximal incision (4-6 

centimeters long) was usually made at the level of the 

vastus ridge on the greater trochanter. Dissection was 

done to identify plane between muscle mass and 

periosteum over lateral cortex of femur and this plane 

was developed distally using a long Cobb’s elevator. The 

plate was slid in this plane from proximal to distal 

staying epi-periosteal. Position of plate was 

provisionally secured with a 1.5mm K-wire through the 

plate hole at one end, utilizing intraoperative imaging 

[Fig. 1]. The position of the other end of the plate was 

determined under fluoroscopy and incision was made at 

that level. Distal incisions were made first when fracture 

was in distal half of bone and plate was slid from distal 

to proximal in similar epiperiosteal manner. Fracture was 

reduced with manipulation and longitudinal traction. We 

used folded sterile sheets as adjunct for reduction 

whenever necessary. If reduction was acceptable 

reduction position of plate was adjusted to maintain plate 

in good contact with bone and 2nd K-wire was introduced 

through a hole at the other end of the plate for provisional 

fixation. After additional evaluation and necessary 

adjustments were made, 3 cortical screws were inserted 

in either fragments. In few cases soft tissue interposition 

made closed reduction difficult and an incision was made 

at fracture site to achieve reduction with finger 

manipulation or a bone hook. We did not use any splints 

in postoperative period. 

Postoperatively we mobilized the patients within 1-

3 days as per their comfort, using a walker and with the 

recommendation to be partial weight bearing for 6 

weeks. However it was difficult to get children not to 

bear weight on affected extremity and many of them 

were bearing complete weight on operated side in follow 

up visits. 

Follow up visits at clinic were scheduled around 2 

weeks, 6 weeks, 3 months, and 8 to 12 months. 

Radiological union was defined as presence of bridging 

callus across 3 cortices in orthogonal radiographs. 

Patients could bear weight without support when 

radiological union was achieved. We advised avoiding 

sports for 6 months (depending on the size and quality of 

callus). We advised implant removal approximately 1 

year after injury. Delay in hardware removal is 

associated with bone overgrowth over the plate, making 

the surgery more difficult. Patients were advised to avoid 

strenuous activities for a period of at least 6 weeks after 

implant removal. 

 

 
Fig. 1: Intraoperative image for plate positioning 

 

Results 
All fractures united with acceptable alignment 

without rotational or angular deformity [Fig. 2]. Thirteen 

consecutive patients between the ages of 5 and 13 years 

with length unstable [length of fracture more than twice 

diameter of shaft] femoral shaft fractures participated in 

the study. One child could not be contacted for final 

follow up and was excluded from the results. The mean 

operative time was 82 minutes with average total 

incision length of 10cm (7–12 cm). 10-13 holes plates 

were used most frequently. Children were discharged at 

an average of 8 days after surgery (Range 6-13 days). 

In 1 patient fracture site had to be opened in order to 

obtain reduction as indirect reduction was difficult due 

to soft tissue interposition. Two patients had superficial 

infections and responded to intra-venous antibiotics 

while 3 patients had shortening of 1-1.5cm. None of the 

patients with shortening required a shoe lift or had any 

functional deficit at latest follow up. Implant removal 

was performed in all patients without complications. 

[Fig. 3] 
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Table 1 

S. No. Age (yrs.) Sex Fracture Pattern 

(OTA) 

Plate Associated 

fractures 

Complications 

1 8 M B 4.5 DCP None None 

2 9 M A (short oblique) 4.5 DCP None 12mm shortening 

3 11 M C 4.5 DCP None Sup. Infection 

4 7 M B 4.5 DCP Ipsilateral tibia None 

5 5 M A(transverse) 4.5 DCP None None 

6 10 M B 4.5 DCP None Sup. Infection 

7 8 M A (short oblique) 4.5 DCP None None 

8 14 M B 4.5 LC-DCP Ipsilateral clavicle 8mm shortening 

9 6 M A (long oblique) 4.5 LC-DCP None None 

10 11 M C 4.5 LC-DCP None 14mm shortening 

11 8 F A(transverse) 4.5 LC-DCP None None 

12 9 M B 4.5 LC-DCP None None 

 

 
Fig. 2: A. Preop radiograph of 6 yrs. of child with long oblique fracture shaft femur; B & C. Post op radiographs 

after sub-muscular bridge plating 
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Fig. 3: a & b. Range of motion after plate removal; c & d: Postop radiographs after plate removal at 1 year 

from index surgery 
 

Discussion 
The goals for treatment of femoral shaft fractures in 

children are – to control alignment and length, the child 

should be comfortable during the treatment, family of 

child should be able to negotiate through the period of 

healing with reasonable convenience, and child should 

have least negative psychological impact during this 

phase.19 Several treatment options have been described 

to treat femoral fractures in children: Plaster cast, 

external fixation and intramedullary nailing using 

flexible or rigid nails. Cast is cumbersome for older 

children and patients with multiple injuries.16 The 

treatment of pediatric femoral shaft fractures, 

particularly in the 6 to 13 years age group, has in recent 

times moved away from the traditionally conservative 

approach to a more surgical one. Suggested advantages 

of internal fixation are less disruption of family life, 

shorter hospitalization, earlier independent mobilization, 

and earlier return to school.19 External fixation is 

associated with possibilities of pin tract infection and 

refracture.17 Titanium elastic nailing is probably the most 

frequently utilized method for fixation of femoral 

fractures. This method allows fixation of most femoral 

shaft fractures through small incisions. However, elastic 

nails are not free of complications.20 Conventional 

compression plating requires longer incision and more 

soft tissue handling. This increases risk of infection and 

possibility of delayed union due to loss of soft tissue 

attachments of bone.16  

Sub-muscular bridge plating provides adequate 

stability while preserving soft tissue cover to bone thus 

helping the process of bone healing. We found the 

stability achieved to be consistent as corroborated by 

literature.22-27 Even in complex fractures, fracture 

alignment and leg length was reliably achieved. None of 

our patients had clinically significant malrotation or 

shortening. In comminuted and length unstable fractures, 

flexible nails are associated with a high rate of 

malunion.3-6,20,27-31 Sink et al.20 reported 8 of their 39 

patients (21%) required unplanned surgeries and found 

10 of the 15 patients (66%) in the unstable fracture group 

had either fracture shortening or angulation. Moroz et 

al.32 noted that patients weighing more than 49 kgs were 

prone to poor outcome with flexible nails. The results 

with sub muscular bridge plating were not affected by 

patient age, weight or site of fracture. It can be performed 

even in smaller children irrespective of the size of their 

medullary canals which can be a limiting factor for 

intramedullary nail fixation. Keeler et al.33 reported 

average age of 12.9 years in their series for antegrade 

nails. 

Fixation of fractures in proximal and distal 1/3rd is 

more challenging than midshaft fractures. With 

intramedullary nails, stability may be inadequate due to 

shorter bone nail contact. Sub-muscular plating reliably 

provides adequate stability in these fractures.  

This series indicates that sub-muscular bridge 

plating is a reliable modality to treat unstable femoral 

shaft fractures. It is a minimally invasive technique with 

resultant small scars and does not disrupt the fracture 

biology. It allows for early mobilization and discharge. 

Bridge plating was performed in 12 patients in this study 

with good results. The reduction was maintained and all 

fractures went onto unite within 2-4 months. There were 

no significant malalignments or leg length discrepancies 

and all patients returned to full activities. Disadvantages 

of this modality are necessity of second surgery for 

implant removal, surgical scars could be still longer 

compared to incisions made for intramedullary flexible 

nails. Limitations in this study include lack of a 

comparison group and relatively small study population. 

 

Conclusion 
We find sub muscular bridge plating of paediatric 

femoral fractures with contoured plates to be an effective 

and safe procedure. Sub muscular bridge plating 

provides reliable fixation and healing for pediatric femur 

fractures and is a minimally invasive technique that 

allows for early mobilization.  
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