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ABOVE THE STUDY
Aging is a major determinant of skeletal health, profoundly 
influencing bone microarchitecture and mechanical strength. 
These changes contribute significantly to the increased incidence 
of fragility fractures observed in elderly populations. While Bone 
Mineral Density (BMD) has traditionally been used as a clinical 
indicator of bone health, it does not fully capture the structural 
and material alterations that occur with aging. Therefore, a 
deeper understanding of age-related changes in bone 
microarchitecture is essential for improving fracture risk 
assessment and developing targeted therapeutic strategies.

Bone is a hierarchical tissue composed of cortical (compact) and 
trabecular (spongy) compartments, each contributing to overall 
mechanical competence. With advancing age, both 
compartments undergo significant deterioration. Trabecular 
bone experiences a reduction in trabecular number and 
thickness, along with increased separation, leading to a more 
porous and fragile structure [1]. These microstructural changes 
compromise the bone’s ability to distribute mechanical loads 
efficiently, thereby increasing susceptibility to fractures [2].

Cortical bone is not spared from age-related degeneration. Aging 
is associated with increased cortical porosity, primarily due to 
enhanced intracortical remodeling and the expansion of 
Haversian canals [3]. This porosity reduces bone stiffness and 
strength, even in individuals with relatively preserved BMD [4]. 
Importantly, the combined deterioration of trabecular and 
cortical compartments results in a cumulative decline in bone 
quality that cannot be adequately explained by bone mass alone.

At the cellular level, aging disrupts the balance between bone 
formation and resorption. Osteoblast function declines with age, 
partly due to reduced proliferation and differentiation of 
mesenchymal stem cells [5]. In contrast, osteoclast activity may 
remain stable or even increase, leading to a net loss of bone mass. 
Additionally, age-related oxidative stress and chronic low-grade 
inflammation further impair osteoblast function and promote 
osteoclastogenesis [6]. These cellular changes are key drivers of 
the observed microarchitectural deterioration. Mechanical 
strength of bone is influenced not only by its structure but also 

by its material properties. Aging affects the composition and 
organization of bone matrix, including changes in collagen 
cross-linking and mineralization. Non-enzymatic glycation of 
collagen leads to the accumulation of Advanced Glycation 
End products (AGEs), which reduce bone toughness and 
increase brittleness [7]. Moreover, alterations in mineral 
crystal size and distribution can further compromise the 
mechanical integrity of bone [8].

Recent advances in imaging technologies, such as High-
Resolution Peripheral Quantitative Computed Tomography (HR-
pQCT), have enabled detailed assessment of bone 
microarchitecture in vivo. These tools have revealed that 
microstructural deterioration begins earlier than previously 
thought and progresses with age, even in the absence of 
significant changes in BMD [9]. Such findings underscore the 
importance of incorporating microarchitectural parameters into 
clinical evaluation and fracture risk prediction models. From a 
clinical perspective, the impact of aging on bone quality has 
significant implications for the management of osteoporosis and 
related disorders. Current therapeutic strategies, including 
antiresorptive and anabolic agents, aim to restore the balance of 
bone remodeling. However, their effects on microarchitecture 
and material properties vary, and long-term outcomes remain an 
area of active investigation [10]. Preventive measures, such as 
adequate nutrition, physical activity, and fall prevention, are also 
critical in mitigating age-related bone loss.

In conclusion, aging exerts a multifaceted impact on bone 
microarchitecture and mechanical strength, involving structural, 
cellular, and material changes. These alterations collectively 
compromise bone quality and increase fracture risk. A 
comprehensive approach that goes beyond BMD to include 
microarchitectural and biomechanical assessments is essential for 
improving diagnosis and treatment of age-related bone disorders.

REFERENCES
1. Seeman E, Delmas PD. Bone quality the material and structural basis

of bone strength and fragility. N Engl J Med. 2006;354:2250–2261.

2. Rho JY, Kuhn-Spearing L, Zioupos P. Mechanical properties and the
hierarchical structure of bone. Med Eng Phys. 1998;20:92–102.

Short Communication

Correspondence to: Aman Khanna. Department of Orthopedic Research, Postgraduate Institute of Medical Education and Research, Chandigarh, 
India. E-mail: amankhanna.pgimer@yahoo.com

Received: 03-Jan-2025, Manuscript No. BMRJ-25-41353; Editor assigned: 06-Jan-2025, PreQC No. BMRJ-25-41353 (PQ); Reviewed: 20-Jan-2025, 
QC No. BMRJ-25-41353; Revised: 24-Jan-2025, Manuscript No. BMRJ-25-41353 (R); Published: 30-Jan-2025. DOI: 
10.35841/2572-4916.25.13.320.

Citation: Khanna A (2025). Impact of Aging on Bone Microarchitecture and Mechanical Strength. J Bone Res. 13:320.

Copyright: © 2025 Khanna A. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

BMRJ, Vol.13 Iss.1 No:1000320 1

Jo
ur

na
l of Bone Research

ISSN: 2572-4916

Journal of Bone Research

https://www.nejm.org/doi/abs/10.1056/NEJMra053077
https://www.nejm.org/doi/abs/10.1056/NEJMra053077
https://iopscience.iop.org/article/10.1016/S1350-4533(98)00007-1/meta
https://iopscience.iop.org/article/10.1016/S1350-4533(98)00007-1/meta


3. Zebaze RM, Ghasem-Zadeh A, Bohte A, Iuliano-Burns S, Mirams
M, Price RI, et al. Intracortical remodelling and porosity in the distal
radius and post-mortem femurs of women: a cross-sectional study. The
Lancet. 2010;375(9727):1729-1736.

4. Burr DB. Cortical bone: a target for fracture prevention?. The
Lancet. 2010;375(9727):1672-3.

5. Zhou S, Greenberger JS, Epperly MW, Goff JP, Adler C, LeBoff
MS, et al. Age‐related intrinsic changes in human bone‐marrow‐
derived mesenchymal stem cells and their differentiation to
osteoblasts. Aging cell. 2008;7:335-343.

6. Manolagas SC. From estrogen-centric to aging and oxidative stress: a
revised perspective of the pathogenesis of osteoporosis. Endocrine
reviews. 2010;31:266-300.

7. Vashishth D. Advanced glycation end-products and bone fractures.
IBMS BoneKEy. 2009;6:268–278.

8. Boskey AL, Coleman R. Aging and bone. J Dent Res.
2010;89:1333–1348.

9. Boutroy S, Bouxsein ML, Munoz F, Delmas PD. In vivo assessment
of trabecular bone microarchitecture by high-resolution peripheral
quantitative computed tomography. The Journal of Clinical
Endocrinology & Metabolism. 2005;90:6508-15.

10. Black DM, Rosen CJ. Clinical practice: postmenopausal
osteoporosis. N Engl J Med. 2016;374:254–262.

 

Khanna A

BMRJ, Vol.13 Iss.1 No:1000320 2

https://www.thelancet.com/journals/lancet/article/PIIS0140673610603200/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140673610603200/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140673610604448/abstract
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1474-9726.2008.00377.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1474-9726.2008.00377.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1474-9726.2008.00377.x
https://academic.oup.com/edrv/article-abstract/31/3/266/2354731
https://academic.oup.com/edrv/article-abstract/31/3/266/2354731
https://pmc.ncbi.nlm.nih.gov/articles/PMC4856156/
https://journals.sagepub.com/doi/abs/10.1177/0022034510377791
https://academic.oup.com/jcem/article-abstract/90/12/6508/2837166
https://academic.oup.com/jcem/article-abstract/90/12/6508/2837166
https://academic.oup.com/jcem/article-abstract/90/12/6508/2837166
https://www.nejm.org/doi/abs/10.1056/nejmcp1513724
https://www.nejm.org/doi/abs/10.1056/nejmcp1513724

	Contents
	Impact of Aging on Bone Microarchitecture and Mechanical Strength
	ABOVE THE STUDY
	REFERENCES


