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INTRODUCTION & AIM RESULTS & DISCUSSION

1. Hierarchical Architecture Enhances Mechanical Performance

Bioinspired nanocomposites replicate the structural and

: : - Nanocomposites mimicking the multi-level structure of bone and nacre
mechanical properties of natural tissues (e.g., bone, nacre). exhibit enhanced toughness and strength. Staggered platelet

_ o _ _ _ _ _ arrangements improve crack resistance and load distribution. Aligning
Designed to mimic hierarchical architectures found in biological inorganic platelets in a layered matrix can mimic bone-like energy

systems for improved functionality. dissipation.

2. Role of Subunit Interactions
Offer a balance of strength, toughness, and bioactivity, critical

for orthopedic use. Extrafibrillar matrix (Subunit-B) provides stiffness, while mineralized

collagen fibrils (Subunit-A) contribute to ductility and toughness.

imitati i4i i i These synergistic mechanisms enable materials to withstand
Address |imitations of traditional implant materials (e.g.. orthopedic loads without brittle failure. Subunit-based models explain

brittleness, lack of biointegration). deformation sequences observed under compressive and tensile
stress .

Promote bone regeneration and integration through tailored

3. Geometry of Reinforcement Phases Matters
nanoscale features.
Aspect ratio of ceramic platelets (e.g., hydroxyapatite, alumina) strongly

Show potential to improve the longevity and biocompatibility of influences load transfer and energy absorption.

orthopedic implants. Optimal aspect ratios (= 10:1) in a staggered configuration yield the
best mechanical resilience.

METHOD 4. Toughening Mechanisms

Crack deflection, crack bridging, and pull-out mechanisms observed in

-High Strength and Toughness composites with bioinspired lamellar designs.

These mechanisms mimic nacre’s toughening strategy and delay

- Mimic hierarchical structures found in biological materials like bone catastrophic failure.

and nacre. 5. Interface Engineering is Critical

°Achieve an exceptional combination of strength, stiffness, and Interfacial bonding between organic and inorganic phases affects stress
toughness. transfer and fatigue resistance.

Surface-modified nanoparticles improve integration and durability under
-Stiffness and Deformation Mechanisms cyclic loads

-Stiffness originates mainly from the extrafibrillar matrix (Subunit-B). CONCLUSION

-Toughness arises as mineralized collagen fibrils (Subunit-A) deform Bioinspired nﬁno_corpgosites repliciate ngture’s architecture to deliver
post-yield. superior mechanical performance for orthopedic use.

These materials exhj itei urgjcgje s_%ne_ﬁ%% of high strength, stiffness, and
-Reflects the mechanical strategy of natural bone structures. toughness, essential Tor load-bearing implants.

Hiecl'arch'kcal structures and platelet geometry enable energy dissipation
oInfluence of Platelet Geometry and crack resistance.

Interface de%l'g#n petween or%anic and inorganic phases is critical for
-Aspect ratio of platelets critically influences mechanical urabllity andTatigue resistance.

performance. In vitrg and in, vivo evaluations confirm excellent biocompatibility and
osseointegration.

-Staggered configurations optimize load transfer and crack deflection. The gre_sent ahpromi_sinr% r?ute toward next-generation safe, strong, and
long-lasting orthopedic implants.

oLeads to enhanced fracture resistance in the composite. Future research should address scalability, long-term reliability, and

clinical mteiration.
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