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SUMMARY 

Mouse bone has been widely used as a model of human bone, 

especially to investigate brittle bone diseases (i.e. 

osteoporosis, osteogenesis imperfecta and vitamin-D 

deficiency). In this study, an in-situ methodology to 

investigate crack propagation in mouse bone has been 

developed. 

Fresh frozen C57BL/6 femora were dissected and notched on 

the posterior surface at the mid-diaphysis with a razor blade 

irrigated with a 0.5 μm diamond suspension. The periosteal 

surface was then polished to make the osteocytes lacunae and 

the canals visible within the environmental scanning electron 

microscope (ESEM). Bones were tested in three-point bending 

using a GATAN in-situ loading stage within the ESEM. 

Femora were loaded under displacement control at a rate of 

0.001 mm/sec. 

We obtained high-resolution real-time imaging of the 

propagation of cracks in C57BL/6 mice bone, where the crack 

initiated at the notch root (strain controlled) and propagated 

through the lacunae and canals. This technique is able to 

provide vital insight into how mouse bone fractures: the onset 

of the fracture (i.e. at the notch surface or root), the micro-

evolution of the damage (i.e. through the osteocytes lacunae or 

canals) and the toughening mechanisms to resist cracks (i.e. by 

micro-cracking, deflecting cracks or forming uncracked-

ligament bridges). 

 

INTRODUCTION 

Traditionally, the toughness of bone, its ability to resist 

fracture, has been considered in terms of its capacity to 

dissipate energy before final failure (i.e., work to fracture). 

These measurements are highly dependent on geometry and 

dependent on the preexisting concentration of defects. More 

recent studies using notched samples (which control for the 

worst case flaw) showed that the toughness of bone cannot be 

characterized with a single value but that it actually develops 

additional toughness during the process of crack growth [1]. 

Bone achieves this by forming uncracked ligament bridges 

(non-connected micro-cracks) and through crack deflection.  

Measuring and visualizing the propagation of a crack through 

cortical bone provides insight into how the microstructure 

contributes to the toughness during crack extension. 

Mouse bone has been widely used as a model of human bone, 

both for healthy bone and bone affected by diseases (i.e. brittle 

bone: osteoporosis, osteogenesis imperfecta and vitamin-D 

deficiency). Mouse bone toughness has been best 

characterized using fracture mechanics methods, involving the 

assumption of mouse bone being a linear-elastic material.  

According to this, the fracture mechanics of a mouse bone can 

be described by a factor kc, a critical value of the toughness 

characterizing complete fracture of the bone. Wherease such a 

fracture mechanics approach represent a significant 

improvement over measurements of toughness, such as the 

work of fracture (as it consider geometric bone characteristics 

as well as force at ultimate failure), a single value cannot 

capture or represent the multiple length-scale toughening 

mechanisms acting in a mouse bone.  

Indeed, there is still a very limited understanding of the 

physics-based mechanics of mouse bone fracture and how 

they relate to its hierarchical, multidimensional structure, 

which in actuality differs from humans in that it does not have 

haversian canals but only lamellae. Therefore, one vital 

question that is paramount is the origin of mouse bone fracture 

resistance in relation to its structure. 

In this study, we developed a methodology to investigate 

small crack propagation (less than 1,000 μm) in mouse bone 

by simultaneously imaging the crack path while performing 

toughness measurements to discern the dominant sources of 

toughness conferring crack-growth resistance to the bone.  

 

METHODS 

Fresh frozen C57BL/6 (B6) wild type (WT) mouse femura 

were dissected and notched on the posterior surface at the 

mid-diaphysis with a razor blade irrigated with a 0.5 μm 

diamond suspension. The periosteal surface was then polished 

to make the osteocyte lacunae and the canals visible within the 

environmental scanning electron microscope (ESEM). Bones 

were tested in three-point bending using a GATAN in-situ 

loading stage within the ESEM. Femora were loaded under 

displacement control at a rate of 0.001 mm/sec. 

 

RESULTS AND DISCUSSION 

We obtained high-resolution real-time imaging of the 

propagation of cracks in mouse bone. The crack in B6 WT 

mouse bone initiated at the notch root (strain controlled) and 

propagated through the lacunae and canals (Figure 1). B6 WT 

mouse bone also showed the deflection of crack during 

propagation and the formation of uncracked ligament bridges, 

toughening mechanisms typical of human bone (Figure 2). 

With this technique, it is indeed possible to visualize whether 

the toughening mechanisms observed in human bone, such as 

micro-cracks, crack deflection and uncracked-ligament 

bridges, are characteristic also of mouse bone. Previous 

studies have shown that bone fracture is actually a result of 

intrinsic damage mechanisms (i.e. collagen fibrillar sliding, 

microcraking of mineralized fibril, etc), ahead of the crack tip, 
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that promote cracking and extrinsic protective mechanisms 

(i.e. uncracked-ligament bridging, crack deflection, etc.), 

behind the tip, that impede cracking [2]. Therefore, changes in 

the bone toughness are related to changes in the intrinsic and 

extrinsic mechanisms. Because mice are often considered as 

models of human bone diseases, real-time visualization of the 

formation and propagation of cracks in mouse bone can reveal 

how diseases cause changes in the toughness and the 

corresponding toughening mechanism (intrinsic vs. extrinsic). 

The in-situ small crack propagation investigation technique 

presented in this study can provide vital insight into how the 

bone fractures by showing the interaction between the crack 

and the bone-matrix structure during crack propagation. 

Indeed, this in-situ methodology permits identification of the 

onset of fracture in mouse bone (i.e. at the notch surface or 

root), the micro-evolution of the damage (i.e. through the 

osteocyte lacunae or canals) and how this bone toughens (i.e. 

by forming micro-cracks, deflecting cracks or ligament-

bridging). This allows for a comparison of the fracture 

toughness mechanisms in different mouse strain models for 

different bone diseases. And more importantly, this technique 

allows investigation into whether fracture toughness 

mechanisms in mouse bone differ from human bone. By 

confirming that the fracture toughness in mouse bone, which 

lacks the osteonal structure of human bone, has some of the 

same toughening mechanisms is critical when using mouse 

bone as a model for human bone fracture.   

Future studies will use this technique to investigate toughness 

mechanisms in other mouse bone models by comparing them 

with each other and with human fracture toughness 

mechanisms. 

 

CONCLUSIONS 

We presented a high-fidelity technique that will help to define 

the origins of toughness in mouse bone at micron-scales and 

above. Mouse bone has been largely used as a model for 

human bone. Thus, a desire exists to understand the fracture 

properties of this bone model. Indeed, if specific strain-related 

changes within the microstructure of mouse bone can be 

linked to a reduced fracture resistance, progress can be made 

towards creating successful treatments to combat these 

deleterious effects in bone.  
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Figure 1 In-situ real-time crack propagation during a three point bending in a B6 mouse femur bone 

 

 
Figure 2 Extrinsic mechanisms of toughness in mouse bone: crack deflection (left) and uncracked-ligament bridging (right) 


