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1. BACKGROUND

= ~41% of fractures are long-bone fractures

= ~8% of these fail to fully unite ' =» ‘Non-union’ ==> Chronic + physically disabling
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1. BACKGROUND

= ~41% of fractures are long-bone fractures

= ~8% of these fail to fully unite ' =» ‘Non-union’ ==> Chronic + physically disabling

Diaphyseal Fracture

Intramedullary Nailing 2

-

= Caused by an insufficiently stiff construct
—> IFM exceeds level tolerated by bone 3
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Exchange Nailing

= Treatment =) Exchange construct for a stiffer one
¥ Painful
¥ Complications are common
¥ £7,000 - £79,000 per surgical revision ©

= |s there a less invasive, more cost-effective, viable
alternative?
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Percutaneous Screws

= (Clinical findings suggest so ’:
—> 2 or 3inter-fragmentary strain reduction screws.
—> Percutaneously inserted.
— Perpendicular to the fracture plane.
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Percutaneous Screws

= (Clinical findings suggest so ’:
—> 2 or 3inter-fragmentary strain reduction screws.
—> Percutaneously inserted.
— Perpendicular to the fracture plane.

= This study aimed to biomechanically assess the efficacy
of such a treatment.
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2. METHODOLOGY

1 3D CAD Model

Locking Screws
12-46 screw configuration

Reamed using Stryker operative technique

J—
Reverse engineered with 10mm diameter

Callus
Uni-phasic granulation tissue

Simple, Oblique Fracture
3 mm fracture gap with 45ML-45AP obliquity
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2 Loading + BCs

= Physiological loading at 45% gait 8
= 50% weight-bearing
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. Loading + BCs

= Physiological loading at 45% gait 8
= 50% weight-bearing

Muscle
Forces
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. Loading + BCs

= Physiological loading at 45% gait 8

= 50% weight-bearing

Muscle
Forces

o (MPa)

Fixed BC
Nodes

0.4 x 50% BW 0.6 x 50% BW

2
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3 Contact Settings

Contact Normal Component Tangential Component
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3 Contact Settings

Contact Normal Component Tangential Component
Callus / Bone Tied
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3 Contact Settings

Contact Normal Component Tangential Component
Callus / Bone Tied
Nail / Bone
Hard Friction
Screw / Nail
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3 Contact Settings

Contact

Normal Component

Tangential Component

Callus / Bone

Tied

Nail / Bone

Screw / Nail

Hard

Friction

Screw / Bone

Soft (Fy = Ky - xpenetration)

Fpullout

Friction + Springs (K, =

Ng * Xpullout
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3 Contact Settings
Contact Normal Component Tangential Component
Callus / Bone Tied
Nail / Bone
Hard
Screw / Nail
: _ Fpullout
Screw / Bone Soft (Fy = Ky * Xpenetration) + Springs (1. ==
s " Apullout

Derived From Literature °
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3 Contact Settings

Contact Normal Component Tangential Component
Callus / Bone Tied
Nail / Bone
Hard

Screw / Nail

Fpullout

Screw / Bone Soft (FN = K xpenetration) * Springs ( - Ns * Xpullout

Derived From Literature °

U, Magnitude
+1.17%-01
+1.081e-01
+9.827e-02
+8.844e-02
+7.862e-02

+4.913e-02
+3.931e-02
+2,948e-02
+1.965e-02
+9.827e-03
+0.000e+00

Tuned via Sub-Modelling Validated Using In-Vitro Study 10
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4 | Post-Processing

Elemental callus strains

O

Elemental tissue stiffnesses
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6 Parameterization

= Exchange Nails:

Proximal

= Percutaneous Screw Configurations:

Distal
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6 Parameterization

= Exchange Nails:

= Percutaneous Screw Configurations:

Proximal
J A °
°
Distal

= Fracture Gap Size:

Direction (°)

= Fracture Orientation:

Direction (°)

= Degree of Weightbearing:
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3. RESULTS + DISCUSSION
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3. RESULTS + DISCUSSION
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3. RESULTS + DISCUSSION
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3. RESULTS + DISCUSSION
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ﬁ Fracture Gap Size
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4. CONCLUSIONS

= Percutaneous screws are indeed a viable treatment for non-union
> Good stabilizing effect
> Low invasivity

> Cheap
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4. CONCLUSIONS

= Percutaneous screws are indeed a viable treatment for non-union
> Good stabilizing effect
> Low invasivity

> Cheap

= Grow increasingly viable with:
ﬁ Fracture gap size
4} Fracture angle
> Small amount of weightbearing
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4. CONCLUSIONS

= Percutaneous screws are indeed a viable treatment for non-union
> Good stabilizing effect
> Low invasivity

> Cheap

= Grow increasingly viable with: = Further research opportunities:

1} Fracture gap size > In-vitro experimental study

ﬁ Fracture angle > Assess full healing pathway via iterative analyses

) Small amount of weightbearing —> Femoral fractures
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   K s =    F  p u l l o u t   n s   ∙     x  p u l l o u t


   F N =  K N ∙  x  p e n e t r a t i o n


   K s =    F  p u l l o u t   n s   ∙     x  p u l l o u t


   𝒙 ′


   𝒚 ′


        I F M  a x i a l =  |  ∆  u  a x i a l | #


        I F M  s h e a r =        (    ∆    u x ′   )    2   +  (    ∆    u y ′   ) 2   #


   𝒙 ′


   𝒚 ′


        I F M  a x i a l =  |  ∆  u  a x i a l | #


        I F M  s h e a r =        (    ∆    u x ′   )    2   +  (    ∆    u y ′   ) 2   #


  𝝁


   𝒌 𝒔


   𝒌 𝒄


  𝝁


   𝒌 𝒔


   𝒌 𝒄


  𝝁


   𝒌 𝒔


   𝒌 𝒄


  𝝁


   𝒌 𝒔


   𝒌 𝒄

