
Å Transverse thick-sections (80-100ȉ) were prepared from pediatric ribs which were 
previously tested in a three-point bend test set -up for a separate research project.  A 
limitation of this study is that the point of impact was unknown when histological sections 
were taken, thus the geometric/ histomorphometric properties and the material properties 
may have been measured at different sections of the rib.  Sections were analyzed under 
bright-field and polarized light at 100X magnification.

Å Individuals were seriated from youngest to oldest based on a histomorphological 
method developed by Streeter (2005) and applied by Agnew et al (2007) to identify 
developmental patterns in pediatric ribs.  This allows quantitative patterns to be revealed 
with increasing skeletal development (see Fig 6).

Å Sections were analyzed for: total area (TA), cortical area (CA), marrow area (MA), 
total width (TW), width of cutaneous ( CW) and pleural cortices (PW) (Fig 2), primary 
lamellar bone area (PL) and secondary lamellar bone area (SL) (Fig 4.1), and porosity 
area (tCP) (Fig 4.2).   
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Å Current investigations into bone trauma are often restricted to examination of bone gross morphology for failure prediction a nd confirmation of traumatic 
injury. This study proposes that the micromorphology of bone should be considered as an important contributor to trauma patte rns and explores the 
methodological potential of utilizing cross-sectional geometry and histomorphometry in defining human pediatric rib material pro perties and fracture 
resistance.

Å The ability of a bone to resist fracture is determined by the material properties of bone tissue, the amount of microdamage, the type of bone and amount 
of bone present (bone mass), and the size, shape, and distribution of bone (geometry) (Frost, 2002).  Different bone types ar e represented within the 
heterogenous pediatric rib cortex and have been shown to behave differently under loads (Liu et al., 2000).  Geometry also pl ays a major role in defining 
bone behavior for individuals of any age.  Distribution of bone types and bone geometry in immature ribs result from modeling drift, a shift in size and shape 
through space during thorax development (see Fig 5), and are especially important variables contributing to the overall integrity of the bo ne.  

Å The objectives of this research are to utilize histomorphometry to 1) explain the unpredictable nature of pediatric rib failu re when 
mechanically tested, and 2) explore a predictor of the material properties of ribs based on skeletal development instead of c hro nological 
age. It is proposed that chronological age be less relied upon in pediatric research because it has shown to be a poor predictor o f rib material properties, 
and inter- and intra-individual variation in skeletal growth can be significant.
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Å Preliminary results show cross-sectional geometry and histomorphometry have a distinctive relationship with mechanical properties. Further testing is 
necessary to verify these general trends.

Å Detailed knowledge of the contribution of microstructures to pediatric rib failure will increase our understanding of the res ponse of immature bones to 
impact and ultimately allow for the design of more biofidelic child dummies.

Å Previous mechanical testing produced failure in the form of a crush fracture on the cutaneous cortex (in compression) 
instead of the expected failure in tension as is typical for bone.  Pediatric ribs are unique in their morphology because of 
the effects of modeling drift, and this appears to influence their response. 
üThe cutaneous cortex has a significantly greater area of porosity than the pleural cortex (p< 0.001) (See Fig 5).
üThe pleural cortex is significantly greater in width than the cutaneous cortex (p< 0.001) (See Fig 5).

Å The amount of secondary lamellar bone in the cortex increases with advancing skeletal development based on rib 
histomorphology (Fig 6).  This method of seriation can be applied to visualize trends in mechanical data as well.

Å Results are promising and show predictive relationships between geometric/histomorphometric variables and 
mechanical variables (see Fig 7). 
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Figure 6. Trends in bone types per individual with increasing relative skeletal 
development (1= least developed, 10= most developed)

Figure 7.
Examples of 
predictive 

relationships 
between geometric/ 
histomorphometric 

variables and 
material properties

14121086420

100

80

60

40

20

0

Secondary Lamellar Bone (SL)- mm^2

F
o

rc
e

 a
t 

Y
ie

ld
 (

N
)

S 11.3354

R-Sq 67.5%

Linear Regression
Force at Yield (N) =  30.89 + 4.940 SL

7.1

2015105

120

100

80

60

40

20

0

Cortical Area (CA)- mm^2

P
e

a
k

 F
o

rc
e

 (
N

)

S 12.7517

R-Sq 79.2%

Linear Regression
Peak Force (N) =  - 14.64 + 6.528 CA

7.2
654321

120

100

80

60

40

20

0

Total Width (TW)- mm

P
e

a
k

 F
o

rc
e

 (
N

)

S 12.7222

R-Sq 81.4%

Linear Regression
Peak Force (N) =  - 32.57 + 22.75 TW

7.3

1.61.41.21.00.80.60.40.20.0

120

100

80

60

40

20

0

Total Cortical Porosity (tCP)- mm^2

P
e

a
k

 F
o

rc
e

 (
N

)

S 16.6688

R-Sq 54.1%

Linear Regression
Peak Force (N) =  15.33 + 57.58 tCP

7.4

Figure 4. Histomorphometric variables were measured from microscopic images manually with SPOT image software
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Å Relationships were identified by linear 
regression of geometric, histomorphometric, 
anthropometric, and mechanical data (Fig 7).

Figure 5. Histological section of pediatric 
rib. Modeling drift occurs in the direction 

of the cutaneous cortex (arrow), 
producing distinct features such as an 
endosteal lamellar pocket (ELP). Note: 

increased porosity in cutaneous cortex and 
increased width of pleural cortex.
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