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Fixation stability and healing
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Fixation stability and healing

Improvement of
intramedullary nailing system

lDemands

Understanding of bone-nail fixation system
mechanics

J How the implant guaranties fracture stability and bone aligment;

(J How it is conducive to bone regeneration

lCompare to

Biomechanical stability of the whole
bone
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Methodology

Mechanical
Experimentation

VALIDATE

Finite Element
— Analysis (FEA)
EXTEND
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* Whole bone stiffness

VS
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/

* Interfragmentary movements
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Methodology
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Methodology: Whole bone system
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Methodology: Whole bone system
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Methodology
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Methodology: Containers/grips Tibial plateau
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Methodology: Containers/grips

* All loading modes;

* The same tibia alignment
guaranteed in both simulation
and mechanical
experimentation;

* Avoid potting bone specimens
in cement;

* Misalignment of bone;
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Methodology
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Bone-implant complex (BIC) - Nail

Validation through free-free boundary condition
. Experimental Simulation - Ansys® o
Harmonic (H2) (H2) Error (%)
1st 384 388.11 7.6
2nd 432 427.3 5.5
3rd 1057 1047.1 6.4

 L.A. Medical M596222 AB0366 T

* (09 X 345mm nail ($0.35 X 13.58 inches)

» Circular ring cross section (inner diameter 5 mm/
0.197 inches)

e Stainless steel - AISI 316L ASTM F318
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Bone-implant complex (BIC) — Nail implantation

www.aofoundation.org

Creation of the nail entry site

Nail inserted

Reaming

Nail locking

. Diameter: 12.7 mm (0.5 inches)
. Length: 60 mm (2.36 inches)

To accommodate the larger
proximal portion in the nail

7 cm
(2.75inches) .~

The correct position of

Tibial the nail was validated by

+——= anatomical .

‘ axis an experienced
orthopedic surgeon

7em |
(2.75 inches)/w" /

Han et al. Knee Surg
Sports Traumatol

FCT
Arthrosc, 2008

Proximally: 2 screws

Distally: 2 screws

Locking mode

No play between the screw and
the bone
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Methodology
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Intramedullary Nailing Stability in the Bone Healing Process

Concept

Nature has optimize this process and it would be difficult to intervene in order to
improve fracture healing

There is never been determine a quantifiable relationship between the rate of healing and
mechanical
Comiskey et al. J Biomech 43, 2010

High bone-implant stability and instability are detrimental for bone healing

Beneficial effects of early loading and adverse effects of delayed loading on bone healing

Bailon-Plaza et al. J Biomech 36, 2003

There is a tendency to modify the locking option for better stability
Horn et al. Injury Int J Care Injured 40, 2009

Improve treatment method for bone fracture repair by reducing the patient healing time
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Results

Regress’
" Load/mom

Evaluat

Fracture location: Central
Load: 100 N

Nail diameter: 9 mm
Fracture gap width: 8 mm
Conventional nails

Penzkofer et al. (2009)

1Ccurve

etal.)

Biomech 41, 2008

Horn et al. (2009)

Axial compression in N/um 13400 1250 723 +421 620 + 240 (CL)| 1420 + 421 (ASL)
Torsion (IR) in Nm/deg 8.9 4.5 0.8+0.1
4-Point Bending (AT) in Nm?2 146.2 51.2 37+8
4-Point Bending (LT) in Nm? 87.08 57.6 37+9
Shear (Saggital) in N/mm - 294.1 131+ 30
Shear (Coronal) in N/mm - 309.6 164 + 89
Intact bone oven bone REPAIR
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Low-magnitude, high-frequency mechanical
signals ability to influence fracture healing
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Conclusions

Validation of the finite element model through mechanical experimentation is
essential

Difficult to compare studies due to non-standard experimental set-up

High-frequency low-amplitude interfragmentary micromotion regime applied
during early healing recovery phase may be an interesting strategy to enhance the
rate and quality of bone repair without risking the disruption of the healing
process

An ideal implant stiffness design demands an extensively understanding of the
complex relation between the mechanical stimulus (type, magnitude, rate,
duration and timing of initiation of loading) and the bone healing process
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