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Introduction Results Discussion

Structural Properties:
Thoracic Injuries: 2" t6 head injuries in number of fatalities and

The general trend in bone volume, stiffness, and polar moment of inertia for lateral and

______ serious injuries in vehicle crashes.  Trabecular Cortical Rib Stiffness: posterior ribs was to decline to rib 3 or 4, and increase from rib 4 to 7. The oldest cadaver
- , , 7 o Stiffest: Cadaver - i
Finite Element (FE) simulations o | e - 4 (M412 62|) f%gfe.n.erally hli\d the Io.wes-’LvaIue. for all;tructr}rfl propertlles fana:lyzc;d, except |
approximate frontal impacts on rib - 51 Anterior structur.a efficiency. The anterior rib sections had much lower results in all the structura
E R * Least Stiff: Cadaver properties, including structural efficiency.
' 412-62 :
Overall, the youngest cadaver (M419-31) had the most bone volume in the lateral
‘ | va- - | (38.82mm?3) and posterior regions (47.48mm?3) at rib 7. Inspection of the cadavers
Eib boe showing Lateral Stiffness M413-54 S.iffhéés I | separately revealed Eib 1 to have the most bogne volume in the lateral position for b.oth |
Currently, ribs are modeled as solid cortical (compact) outer 500000 - Bl MA1354  700000- : f;]tteerr;?r M412-62 (29.17mm?3) and M413-54 (44.2mm?>). The aver.age !oone volume for anterior ribs
P @B M419-31 | (14+£5mm?3 ) was less than lateral (28£7mm?3) and posterior ribs (33£6mm?3).
and HOMOGENOUS structures. region, and trabecular }| = Bl \412-62 = 0000007 Bl Posterio _ . _ o
(porous) inner region = 600000+ £ 500000- Rib 7 of the youngest cadaver was the stiffest overall in lateral and posterior positions.
P &IOR. Z 100000 Z. 400000- Ribs of the oldest cadaver (M412-62) were consistently lowest in stiffness. The youngest
With elastic modulus However rib bone i - @ 300000 cadaver (M419-31) had greater stiffness in the anterior ribs compared to M413-54
based on tensile ‘ po,rous E 700000 “%E 200000 (36+9%).
coupon tests. . 100000 Structural efficiency was similar among the lateral and posterior ribs of all 3 cadavers and
0 0 . . . .
This study proposes an elastic modulus based on MicroCT images and NN NN at all rib levels (14100+400N/mm/mm?3). The anterior ribs were much lower in structural
Rib Level _ Rib Level _ efficiency (9600£500N/mm/mm3),.
simulations performed with microstructurally correct FE models. General trend for bone volume and Posterior ribs were the stiffest ool  of inart tast i ribs 1 and 7 of th ¢ cadaver (M419-31)
stiffness: decline to rib 3 and increase followed by lateral, and anterior olar moment Otinertia was greatest in ribs 1 and /ot the youngest cadaver ll
. . . and was consistently lowest for the oldest cadaver -62).
Methods fromrib 4 torib 7. ribs. (Left). d _ ¢ .tl | t for the oldest cac (M412-62)
Study Design: _ _ . | | Material Properties:
Homc?gen.lzed Elastic Modulus: | ateral Homogenized Elastic Modulus Elastic Modulus was greatest for posterior ribs (6.4+1.0GPa), followed by lateral
Cadaver 1 Cadaver 2 Cadaver 3 Anterior ribs: 1.0-2.2GPa 0. (4.7+.7GPa) and anterior (1.6+.4GPa) ribs. Overall the homogenized elastic modulus was
Gender Male Male Male Lateral ribs: 3.2-6.1GPa S M413-54 less sensitive to differences between cadavers and rib levels compared to structural
PMHS ID 412 413 419 Posterior ribs: 4.6-8.0GPa g- Bl M412-62 properties.
o F Bl M419-31 Study Limitations:
Age 02 >4 31 E = E 0 = Z €=.005 The material properties of the anterior ribs could be affected by costal cartilage
Name M412-62 M413-54 M419-31

calcifications that are more prevalent in older individuals. It is also important to note the
high porosity of the anterior ribs. The number of cadavers used in this study were an
additional limitation.

Force (F) from FE simulation
Area (A) of 15t DICOM slice with
pores filled in (total cross
sectional area of rib)

€ from applied displacement

1.0mm thick cross sections were dissected from ribs 1-7 at
anterior (1), lateral (2), and posterior (3) positions (right).

Homogenized Elastic Modulus (GPa)

Imaging Techniques

M419'31 ° MicroCT scans were Lateral S’[I’UC’[uraI EfﬁCiency Rib Level
Posterior Rib 7 taken at 15um. 20000- : mig'gi
- Images were segmented with MIMICS 16.0 — |\/|419:31 Bone Structural Efficiency
(left) by selecting voxel intensities 24100HU (or 15000- (Stiffness/Bone Volume):

600mgHA/cc).

Average structural efficiency CO N CI U Sio N

Structural Efficiency (N/mm/mm?3)

ABAQUS CAE 6.9 was used for Finite Element 10000 was 14100+400N/mm/mm3. | _ | | | |
Analysis. Bone material properties were The trend in polar moment of inertia was to decline to rib 3 or 4 and increase to rib
assumed to be homogenous (E=13.9 GPa3, °000 7. Polar moment of inertia was the most sensitive to the age of the cadaver. Bone
| volume and stiffness followed a similar trend. Anterior ribs had the lowest values for
Pol £ 0 Lateral Polar Moment of Inertia all the structural properties analyzed. Structural efficiency of lateral and posterior
olar Moment o S oY > X 9 o A5 b od little with rib level and cad Additionallv. h od elasti
Inertia: A custom Rib Level Y M413-54 ribs varied little with rib level and cadaver age. itionally, homogenized elastic
Matlab script was Polar Moment of Inertia: 1000 Bl M419-31 modulus varied little between rib level and cadaver; however it was affected by
800 Bl V412-62 anatomical position on the rib. Using an appropriate homogenized elastic modulus

* Trend: decline to ribs 3 or 4 and
increase from rib 5-7.
* Rib 1 generally had greatest

developed to determinef:
the geometric centroid
(right) and the polar

600 will improve solid homogenous FE models of ribs used in whole body FE models.

Bone stiffness was calculated

400 Future studies could analyze more ribs and sections further from the costal cartilage

Polar Moment of Inertia (mm4)

moment of inertia of as the resultant force (N) from moment of inertia. . . o .
aach rib cross section the applied displacement (5 . Cadaver M412-62 had ribs with 200 junction. Furthermore, evaluating the cortical rib compartment alone could provide
1m) (above) lowest moment of inertia 0 an elastic modulus useful in hollow cross sectional models.
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