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Problem Statement 
•   Tibia fractures are common in children 

•  Need for a surgically implanted device, which would provide more structural 
stability and aid in healing of the fracture.  

•  A previous design team produced a working device, which is held in place 
by static friction against the canal wall. 

•  not fully fixated against the walls of the bone canal, and the friction 
force of the device is not sufficient to prevent axial rotation within the 
canal. 

•  Previous semester’s work: 

•  Designed pediatric tibial stent 

•  This semester’s focus: 

•  Improving fixation of previous semester’s design 



Background 
•  5% of pediatric fractures occur at 

tibia[1] 

•  Tibia is a load bearing bone 

•  Correct alignment is essential 

•  Many bone fractures can be set 
with a cast or a splint; however, 
the tibia may require surgery 
followed by serial casting to repair 
the injury. 

[2] 



Background 
•  Differences in child and adult tibia 

•  Epiphyseal growth plates at 
proximal and distal ends of bone 

•  Involved in growth spurt during 
puberty 

•  Growth plates must be avoided in all 
surgical procedures for pediatric 
patients 

•  May lead to growth           
complications and                      
more surgery if                        
disturbed 

[3] 



Current Devices:  
 Rigid Intramedullary Device 

Titanium rod 

•  Rod is rotationally fixed and is 
further stabilized by lateral 
screws installed at proximal 
and distal locations[8] 

•  Inserted into the bone at the 
top passing through the 
epiphyseal growth plate 

•  Cannot be used for 
pediatric patients 

[9] 



Current Devices: Elastic Nails 
Made of titanium 

2 elastic nails = six areas of 
contact meant to provide 
constant pressure and 
stabilization for fractured tibia[4] 

•  Avoids growth plate 

•  Optimal function with mid-
bone fracture 

•  No rotational fixation 

•  Diameter of elastic nails = 2.5 – 4 mm[5] 

Titanium/Stainless Steel 
Elastic Nail System. For elastic stable
intramedullary nailing (ESIN).

Technique Guide 
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400/402 Design Overview 
•  Center cable is galvanized 

steel; outer wires are stainless 
steel 

•  End cap and mid-cap 

•  Fixed at bottom with nail 

•  Converts tensile force into 
radial force which stabilizes 
fracture 

•  Increases points of contact 
compared to elastic nails 
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In order to stabilize severe adult tibial fractures, titanium 
rods are inserted through the proximal face of the tibia into 
the intramedullary canal. This method does not work for 
pediatric patients as the rod would damage the growth plate 
distal to the epiphysis. Therefore, current pediatric 
procedures insert two elastic nails through drilled openings in 
the lateral and medial sides of the bone directly distal to the 
metaphysis. However, this mechanism is difficult to install 
and does not always lead to proper alignment. In order to 
create a novel device to fixate pediatric tibial fractures, three 
different designs were considered and a device that expands 
laterally through compression was deemed the best design to 
replace the current flexible pediatric nails for stabilization.  

•Must span tibial break 

•Must have enough stability to align bone 

•Must be implantable at distal or proximal location 

•Must have a diameter of less than 1 cm 

•Must be biocompatible 

Design Requirements 

Design Matrix 

Final Design 

Criteria Balloon 
Stent 

Expanding 
Foam 

Compressive 
Expansion 

Fixation (30) 20 15 25 
Client Preference 
(15) 

10 10 15 
Ease of 
Implantation (15) 

5 10 10 
Feasibility (15) 10 5 15 
Safety (15) 15 5 15 

Cost (10) 10 5 10 

Total (100) 70 50 90 
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Adult Intramedullary Stent 

•Titanium rod 

•Insertion through proximal    
  face of  tibia 

•Spans entirety of break 

•Does not work for pediatric 
  patients due to growth plate 

•Leg is externally hard casted 

Pediatric Intramedullary Stent 

•2 Flexible nails 

•Insertion on lateral and medial 
  sides of tibia 

•3 points of contact 

•Limited optimization 
  dependent on break location 

•Leg is externally hard casted 

Tibial Fractures 
• 5% of  all fractures in children 
• Caused by falling, trauma, sports, abuse, or overuse 
• Load bearing bone necessitates correct alignment 
 
Growth Plate 
• Growth plates important for  growth 
• Located between epiphysis  
   and metaphysis on distal and  
   proximal ends of the bone 
• Damage to the growth plate can  
   lead to stunting of tibial growth 

Future Work 

References: 
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•Flexibility allows for intramedullary insertion 

•Lateral expansion achieved through buckling due to vertical 
  compression 

•Compression of wires attained by pulling on fixed, central 
  cable 
Components 

A. End cap 

•Central hole for cable fixation 

•Outer holes for wire fixation 

•Distal loop for pin fixation 

B. Mid Cap 

•Stainless cable is able to freely slide 
  through center hole 

•Contains loop for ease of removal 

C. Flexible stainless steel wire 

•Pre-bent ends to direct 
  desired directional flexion 

D. Final six wire prototype  

 

 

C. 

D. 

B. 

A. 

•4-point bending test showed less lateral stability than elastic 
  nails but more than control 

•Timed testing showed decreased insertion time compared to 
  elastic nail system 
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Current Practices 

•Increase lateral stiffness 

•MTS testing 

•Animal testing 

•Apply for patent 

Marketability 
•  Tibia is the most frequently fractured long bone 

•Large and continuous market 

•New device installation substantially faster than current 

•OR time billed at $62/min  

•New device decreases cost through decreased OR time 

•Potential use in any fractured long bone (e.g. clavicle) 

•Further market expansion 

X-ray Imaging 

A 

B 

C 

A. Insertion point 
B. Intramedullary contact 
C. Pin secured end cap 

Maximum 
Measurable 
Load 

•Moment loading test showed less lateral stability than   
  elastic nails but more than  control 

4 Point Bending 
Set Up 

Moment 
Loading Set Up 

•Axial loading showed more axial stability than elastic nails 
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Product Design Specifications 
•  Function 

•  Improve fixation by limiting axial rotation 

•  Design Requirements 
•  Performance 

•  Flexible to enter bone (45° angle) 
•  Rigid to stabilize fracture 
•  Can be removed after 2-9 months 

•  Size 
•  Match dimensions of previous semester’s design 

•  Safety 
•  Biocompatible 

•  Surgical grade metals 
•  Easily sterilized 

•  Standards and Specifications 
•  FDA guidelines for implants 



Design Alternative 1: Mesh Cylinder 

•  Based on arterial stent 

•  Weave stainless steel 
wires through mesh to 
hold in place and 
prevent buckling 

•  When device is 
expanded, mesh also 
expands 

•  Provides increased 
surface contact with 
interior of medullary 
canal 



Design Alternative 2: 2-sided Umbrella 

•  Based on folding 
umbrella design 

•  Rigid wire attached to 
galvanized steel cable 

•  Prevents 
displacement and 
buckling of wires 

•  Used to increase radial 
force as device is 
expanded 



Design Alternative 3: Air Balloon 

•  Inflatable bladder within 
device attached at end 
and mid-caps 

•  After device is 
expanded, bladder 
inflated with 
compressed air 

•  Prevents buckling of 
wires and adds to radial 
force of the device 



Design Matrix 



Design Selection: 
Mesh Cylinder Design 

•  Easiest to fabricate 

•  No biocompatability 
concerns – all metal 

•  Longest canal-device 
interface due to surface 
area increase 

•  Made with surgical grade 
stainless steel or tantalum 
mesh – biocompatible 

115 mm 

10 mm 4-6 mm 



Future Work 
•  Obtain previous semester’s device 

•  Order materials for mesh cylinder 

•  Fabricate mesh cylinder prototype 

•  Integrate prototype with existing device 

•  Test integrated device 

•  MTS testing of integrated device 

•  Static friction testing of integrated device 
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