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Environmental toxins such as Agent Orange have been 

associated with persistent molecular alterations that may 

extend across generations through epigenetic inheritance. 

While transgenerational effects have been linked to 

numerous chronic diseases, their possible contribution to 

avascular necrosis (AVN) of the femoral head remains 

largely unexplored. AVN develops through interruption of 

the blood supply to bone, resulting in ischemia and 

eventual collapse of the femoral head. Understanding 

whether inherited epigenetic alterations influence vascular 

or skeletal susceptibility may identify previously 

unrecognized risk factors for AVN. 

Background

What role do transgenerational environmental toxin 

exposures, such as Agent Orange, play in influencing 

susceptibility to avascular necrosis of the hip through 

epigenetic, vascular, or bone-metabolic mechanisms?

Research Question

AVN results primarily from compromised blood supply to 

the femoral head. Thrombophilia, endothelial dysfunction, 

impaired fibrinolysis, inflammation, and microvascular 

injury contribute to ischemia and bone death. These 

mechanisms provide a biologically plausible pathway 

through which inherited molecular alterations could 

influence disease susceptibility.

Vascular Mechanisms

• Strong evidence supports transgenerational epigenetic 

inheritance following environmental toxin exposure.

• Vascular dysfunction is a well-established mechanism 

underlying AVN.

• No direct evidence currently links ancestral toxin 

exposure to AVN.

• Existing literature supports biological plausibility while 

emphasizing the need for targeted translational research. 

Conclusions

Transgenerational Epigenetic Inheritance
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Epigenetic Effects

Animal studies consistently demonstrate that exposure to 

dioxin-containing compounds induces heritable DNA 

methylation changes, altered histone retention, and non-

coding RNA expression that persist across generations. 

Human studies similarly demonstrate persistent 

methylation changes decades after exposure, although 

direct disease associations remain uncertain. Collectively, 

these findings establish biological plausibility for 

environmentally induced transgenerational inheritance. 

Future Directions

Future work should evaluate AVN incidence in populations 

with documented ancestral dioxin exposure, identify 

epigenetic biomarkers associated with vascular 

dysfunction, and develop animal models capable of 

directly assessing bone perfusion following 

transgenerational toxin exposure. These studies are 

essential to determine whether environmentally induced 

epigenetic inheritance contributes meaningfully to AVN 

susceptibility.

Transgenerational Disease Inheritance

Integration of Evidence

Current evidence does not demonstrate a direct causal 

relationship between ancestral toxin exposure and AVN. 

Instead, available studies suggest an indirect mechanism 

in which environmentally induced epigenetic alterations 

influence vascular integrity, coagulation pathways, 

inflammatory responses, or bone metabolism that 

collectively increase susceptibility to osteonecrosis.

Proposed Mechanism
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Figure 1 Transgenerational epigenetic inheritance 

following ancestral dioxin exposure, showing persistent 

changes in DNA methylation and other epigenetic markers 

that may influence disease susceptibility across multiple 

generations. Manikkam et al. 2012. 

Figure 2 Transgenerational disease susceptibility following 

ancestral DDT exposure, demonstrating that 

environmental toxin exposure can produce inherited 

epigenetic changes associated with adult-onset diseases 

and altered health outcomes in subsequent generations. 

Skinner et al. 2013.
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