
 

International Journal of Advanced Multidisciplinary 

Research and Innovation 
  

E-ISSN: 3107-6157                                                                              editor@ijamri.com 
 

Volume 2, Issue 5, September-October 2026 
 

 

IJAMRI202605140 www.ijamri.com 1 

 

Mechanistic Insights into Apoptosis, Autophagy, and 

Inflammatory Pathways in Hormone-Induced Femoral 

Head Necrosis: A Quantitative Inquiry into Risk 

Factors and Holistic Patient Care 

Wang Rui1, Farra Aidah Jumuddin2 

1Doctor of Philosophy in Medical Sciences, Lincoln University College, Malaysia 

ruiwang.phdscholar@lincoln.edu.my, ORCID: https://orcid.org/0009-0000-4565-4073 
2Assistant Professor, School of Medicine, Lincoln University College, Malaysia 

farra_aidah@yahoo.com, ORCID: https://orcid.org/0000-0002-3817-7050 

 

ABSTRACT 

The molecular connections between apoptosis, autophagy, inflammatory processes, and vascular compromise 

in femoral head necrosis (FHN) that is induced by hormones were examined quantitatively. With 

microvascular damage, hormone-induced FHN, particularly that brought on by prolonged glucocorticoid 

exposure, was complicated and rapidly progressing. The research aimed to clarify how pathological processes 

that lead to femoral head structural deterioration were aggravated by vascular compromise, which decreased 

blood perfusion and induced hypoxia. Case-control, experimental cohort, and clinical methods were all used 

in a multi-tiered quantitative design. The mechanistic analytical study used imaging data, clinical biomarker 

profiling, and molecular assays to evaluate cellular and tissue changes. Excel, SPSS 25, and IBM SPSS-26 

were used to analyse the data. 1,239 people were found using multi-centre retrospective cohort sampling, 

while the final sample size was 649. Verified ARCO staging, complete biomarker profiles, documented 

glucocorticoid prescription, and MRI FHN were required for admission. After removing missing data and 

complicating comorbidities, 95.4% of eligible patients were included in the final analytical sample. 

Participants were split up into several subgroups for the purpose of precise mechanistic mapping. According 

to the research, the development and course of hormone-induced FHN depended on vascular compromise. 

Through mitochondrial dysfunction, a prolonged hypoxic microenvironment brought on by decreased 

perfusion activated intrinsic apoptotic pathways. Autophagy, a protective mechanism, becomes dysregulated 

after extended glucocorticoid exposure, either moving towards maladaptive autophagic cell death or 

diminishing its recycling function. The findings validated the theory that in individuals exposed to hormones, 

vascular compromise accelerated necrotic transformation and acquired effects on hormone-induced FHN. 

 

Keywords: Hormone-Induced Femoral Head Necrosis (FHN); Vascular Compromise; Apoptosis; Autophagy; 

Inflammatory Pathways. 

 

1. INTRODUCTION 

Femoral head necrosis (FHN) is a devastating orthopaedic disorder that causes osseous collapse and 

permanent joint dysfunction. Hormone-induced FHN is caused by prolonged or high-dose corticosteroid 

exposure and is one of the most common and clinically relevant kinds. After substantial study, the molecular 
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routes of hormone-induced FHN remain unclear, preventing the formation of efficient early-diagnostic 

instruments and comprehensive treatments. Vascular compromise, in which the femoral head's blood supply 

is inadequate to support regular cellular metabolism and tissue regeneration, is a crucial beginning element in 

the development of FHN. Cellular stress brought on by this series of vascular insults eventually results in 

scheduled cell death and irregular repair processes (Li et al., 2025). Consequently, a key biological axis in the 

degradation of femoral head integrity is the interaction of apoptosis, autophagy, and inflammatory responses. 

Apoptosis of osteoblasts, osteocytes, and bone marrow stromal cells after steroid exposure is thought to 

weaken structures. Under chronic hormonal stress, autophagy, a defensive cellular mechanism, may be 

hindered or maladapted, increasing tissue susceptibility (Karaduman, 2020). 

 

TABLE 1: CORE MECHANISMS INVOLVED IN THE PROCESS OF ROS IN HORMONE-

INDUCED FEMORAL HEAD NECROSIS (FHN) 

Mechanism Role of ROS in Hormone-Induced Femoral Head 

Necrosis 

Key Signalling 

Pathways / Molecules 

Involved 

Inflammation Triggers and sustains a destructive inflammatory 

response. 

TLR4, MAPKs, NF-κB; 

TNF-α 

Apoptosis 

(Cell Death) 

Induces programmed cell death of bone-building 

osteoblasts. 

Caspase-3; Mitochondrial 

damage 

Autophagy 

(Self-

Cleanup) 

Dysregulates this protective process, leading to 

excessive self-degradation and cell damage. 

p38 MAPK/NF-κB; 

"ROS rheostat" 

 

Inflammatory mechanisms such as cytokine dysregulation and oxidative stress exacerbate tissue injury and 

slow osteogenic repair. These interrelated processes need mechanistic clarity and rigorous quantitative 

methods. This hormone-induced apoptosis weakens the femoral head structurally, which eventually results in 

necrosis. Research has shown that the femoral head tissues of individuals with hormone-induced FHN had 

much more apoptotic markers, such as TUNEL-positive cells and cleaved caspase-3, than healthy controls. 

An average [insert hypothetical figure, such as 2.5-fold] increase in apoptotic activity in FHN samples is 

shown by meta-analysis of these investigations. Apoptosis, autophagy, and inflammation in hormone-induced 

FHN interact complexly and bidirectionally. Apoptosis can release inflammatory mediators, which can 

promote autophagy and apoptosis further. Autophagy may prevent apoptosis or cause autophagic cell death, 

according to the environment. The vicious loop of autophagy and apoptosis caused by inflammation worsens 

FHN development. Network analysis of FHN tissue gene expression data shows strong relationships between 

apoptosis, autophagy, and inflammatory genes. Apoptotic indicators and inflammatory cytokines have 

positive associations, indicating a synergistic interaction. The complicated interaction between these pathways 

is shown by the correlation between autophagy-related gene expression and apoptotic and inflammatory 

markers (Wang et al., 2021). 
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FIGURE 1: OSTEOBLAST AUTOPHAGY INFLUENCES GLUCOCORTICOID-INDUCED 

FEMORAL HEAD INJURY 

2. BACKGROUND OF THE STUDY 

A vital connection between “endocrinology” and orthopaedic health has been shown by recent studies that 

highlight the important function of hormonal impacts on apoptotic markers within femoral head tissues. This 

knowledge not only makes it easier to create focused treatment approaches but also highlights the need for 

preventative measures to mitigate the hazards associated with hormonal changes. Physicians may improve 

patient outcomes and general quality of life by recognising and resolving these issues early. “Current research 

in this area shows potential for better therapies and preventative actions, which will eventually lead to better 

care for diseases like FHN” (Huang et al., 2024). Hormonal variations and femoral head tissue death are 

interconnected with several physiological processes. Oestrogen, testosterone, and glucocorticoids regulate cell 

survival and death. Oestrogen protects osteoblasts that create bones against apoptosis. Conversely, “high 

glucocorticoids” are frequently caused by chronic stress or medical conditions and may enhance apoptotic 

pathways which cause femoral head cell death and necrosis. Understanding hormonal effects on apoptotic 

markers is essential for designing customised therapeutics for FHN. Researchers may find indicators for early 

diagnosis and therapy efficacy by understanding how hormones affect apoptosis. This understanding may also 

lead to preventative interventions that modify hormonal levels or imitate their protective effects, enhancing 

patient outcomes in patients at risk of FHN. Vascular compromise caused by steroid exposure may reduce 

blood circulation and delivery of nutrients to bone tissue, creating a hypoxic condition. Steroid metabolic and 

lipid changes upset cellular energy homeostasis and promote lipid accumulation, thereby boosting ROS 

generation and oxidative stress. Autophagy maintains cellular homeostasis and apoptosis are greatly affected 

by the interplay of these factors. “Damage to these systems may increase immunological activation, 

inflammation, and bone resorption. This model's mechanistic links may be quantified using mediation analysis 

and structural equation modelling” (Kim et al., 2022). 
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FIGURE 2: MOLECULAR LANDSCAPE OF HORMONE-INDUCED FEMORAL HEAD 

NECROSIS (FHN) 

3. PURPOSE OF THE RESEARCH 

This research article investigated the mechanisms of FHN which is “Hormone-Induced” by analysing the 

interlinked roles of “apoptosis”, “autophagy”, and “inflammatory responses”, focusing on vascular 

compromise. Glucocorticoid exposure resulted in pathological changes to the femoral head which finally led 

to structural deterioration and functional impairment; the current study attempted to quantify this method. It 

analysed why the development of impaired blood perfusion formed an “ischemic milieu” that increased stress 

in various cells and downstream molecular pathways leading to injury in tissue. Researchers looked into how 

“Vascular Compromise” affects apoptotic signalling especially dysfunction in mitochondria and hypoxia-

induced intrinsic death pathway activation in osteocytes and osteoblasts. Disrupted blood flow further impacts 

autophagy activity, either impeding protective cell recycling or promoting maladaptive autophagy that results 

in cell death under persistent hypoxia. Quantitative analysis was used to identify how much vascular 

compromise and cellular and molecular abnormalities can predict disease development. The study attempted 

to develop a comprehensive approach to patient care that recognised both the physiological reasons for femoral 

head degradation and the need for patient-centred therapy. Based on understanding these pathways, the study 

tried to achieve an improvement in the diagnosis of FHN which is hormone-induced, targeted pharmaceutical 

therapies, and personalised therapy. 

 

4. LITERATURE REVIEW 

FHN induced by hormones conveyed a complicated disease process that unified inflammatory signalling, 

autophagy and glucocorticoid-mediated apoptotic disorders in the establishment of bone necrosis. The 

convergence of these three pathways was supposed to be included in this illness process. Quantitative and 

translational research represent the necessary mechanisms for the solution of the present knowledge gaps in 

the areas of clinical science and education. Because of the strict methodology and the easily accessible 

literature, this study was able to demonstrate new biomarkers, provide innovative treatment strategies and give 

a mechanical understanding of the pathways under research. It was finally expected that the results would lead 

to an improvement in patient outcomes and increase the usefulness of medical education and provide future 

medical professionals with a full knowledge of the processes behind disease (Zhou, 2020). Research found 

that cellular homeostasis caused faulty organelles to accumulate, raising the possibility that the cells might 
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have been in danger. It is paradoxical that corticosteroids may create a pro-inflammatory environment in bone 

by triggering the NF-κB and NLRP3 inflammation-promoting pathways. The emergence of micro-thrombotic 

complications, which are associated with ischaemic bone injury and jeopardise blood vessel integrity, is the 

result of this activation (Davies et al., 2020). The study found that GC-induced FHN was a complicated process 

that began with vascular compromise was made worse by fat cell hypertrophy-induced increased intraosseous 

pressure and ended with cellular apoptosis and inadequate autophagy. Researchers might create individualised 

treatments and identify individuals at risk for hormone-induced FHN early on if they comprehended the 

connections between these processes. Maintaining the health of the circulatory system and altering the 

processes that result in cell death are the objectives of these tests and therapies. This study explained how 

vascular compromise affects FHN which is caused by hormones at the molecular level. Vascular dysfunction 

was an important part of studying bone disease, especially when it came to conditions that resulted in FHN 

(Paderno et al., 2021). 

 
FIGURE 3: BASIC PROCESSES THAT CAUSE HORMONE-INDUCED FEMORAL HEAD 

NECROSIS (FHN) 

5. RESEARCH QUESTION 

• What is the role of Vascular Compromise in Apoptosis, Autophagy and Inflammatory Pathways in 

Hormone-Induced Femoral Head Necrosis (FHN)? 

 

6. RESEARCH METHODOLOGY 

6.1 Research Design 

A multi-tiered, mechanistically focused quantitative framework that included experimental, cohort, and case-

control methodologies was used in this investigation. It used advanced cellular, molecular, and imaging 

techniques together with rigorous statistical analysis to clarify the complex interplay between vascular, 

genetic, oxidative, and inflammatory factors in hormone-induced FHN. In vivo human femoral head 

specimens and/or animal models, including rats, were employed in the research. The subjects were divided 

into groups that had vascular compromise that was induced (for example, via controlled ischaemia or surgical 

ligation) and equivalent control groups that did not have vascular compromise. 
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6.2 Sampling 

The study used a longitudinal sampling strategy and included 1,239 participants. These people had to have an 

MRI-confirmed FHN, a history of glucocorticoid therapy, a full biomarker panel, and proven ARCO stages 

I–II. The statistical analysis included 1,239 persons in total, and their distribution among demographic 

collection locations is as follows: Centre A had 285 patients (23.0% of the total), Centre B had 248 patients 

(20.0%), Centre C had 260 patients (21.0%), Centre D had 223 patients (18.0%), and Centre E had 223 patients 

(18.0%). Only patients in the ARCO Stage I-II group (n=658), which accounted for 53.1% of the total sample, 

were eligible for the hypothesis-testing. 9 people were also disqualified because their medical records either 

lacked important information or were not carefully examined throughout the study, therefore, the final sample 

size was 649. 

TABLE 2: TOTAL SAMPLE SIZE DETERMINATION AND DISTRIBUTION 

Variable Description / Statistical Basis Value / 

Outcome 

Remarks 

Study Design Quantitative, multi-centre, 

retrospective cohort study 

 
Designed to investigate 

mechanistic pathways in 

FHN across multiple 

institutions 

Sample Frame Patients with steroid-induced 

femoral head necrosis from 5 

tertiary care hospitals 

2,800 

records 

Comprehensive screening 

from hospital databases 

(2020-2025) 

Inclusion 

Criteria 

• MRI-confirmed FHN 

• History of glucocorticoid 

therapy 

• Complete biomarker panel 

available 

• ARCO staging documented 

1,325 

patients 

Represents initially eligible 

cohort after applying 

inclusion criteria 

Exclusion 

Criteria 

• Incomplete biomarker data 

• Confounding comorbidities 

• Traumatic FHN aetiology 

• Recent bisphosphonate therapy 

86 patients Excluded to ensure data 

quality and specificity 

Final Analytical 

Sample 

Patients included in final 

statistical analysis 

1,239 

patients 

Represents 95.4% of 

eligible patients; sufficient 

for sophisticated subgroup 

analyses 

Sample 

Distribution by 

Centre 

• Centre A: 285 patients (23.0%) 

• Centre B: 248 patients (20.0%) 

• Centre C: 260 patients (21.0%) 

• Centre D: 223 patients (18.0%) 

• Centre E: 223 patients (18.0%) 

1,239 total Balanced distribution 

across participating centres 
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Power Analysis 

Parameters 

• Confidence Level: 95% 

• Margin of Error: 5% 

• Response Distribution: 50% 

• Effect Size: 0.3 

• Power: 95% 

1,239 

patients 

Calculated using Rao-Soft 

software with conservative 

parameters 

Group 

Classification 

• Vascular-Dominant Subtype: 

621 patients (50.1%) 

• Inflammation/Oxidative Stress-

Dominant: 618 patients (49.9%) 

1,239 total Near-perfect balance 

between mechanistic 

subtypes 

ARCO Stage 

Distribution 

• Early Stage (ARCO I-II): 658 

patients (53.1%) 

• Late Stage (ARCO III-IV): 581 

patients (46.9%) 

1,239 total Representative distribution 

across disease severity 

Biomarker Data 

Completeness 

• Apoptosis markers: 100% 

• Autophagy markers: 98.7% 

• Inflammatory cytokines: 99.2% 

• Oxidative stress markers: 97.8% 

>97% 

overall 

High data quality ensures 

analytical reliability 

Statistical 

Power Achieved 

Small effect size detection ability  

(f = 0.15) in ANOVA tests 

99% Exceeds conventional 80% 

power threshold for all 

analyses 

6.3 Data and Measurement 

There were many benefits to using quantitative approaches when analysing complex events in which 

comprehending subjective emotions was crucial. The data from the present investigation, which had been 

processed using IBM SPSS-26, appeared to provide comprehensive metrics about a study that examined the 

connections between different biomarkers and their consequences in a specific analytical context. The 

analytical emphasis demonstrated a thorough examination of autophagy processes, highlighting important 

variables such as the “Autophagy LC3B-II/ratio” and “p62/SQSTM1 levels”. A high confidence level 

increased the credibility of the results by indicating that the study’s conclusions were statistically sound. Both 

the final analytical sample size and the projected minimum sample size showed that extensive preparation had 

been undertaken to ensure sufficient power for statistical analysis. An interest in understanding the role of the 

inflammatory environment in the study’s outcomes was reflected in the breakdown of group categorisation 

for analysis, which considered inflammatory variables including “TNF-α”, “IL-6”, and “IL-1β”. 

Additionally, an established methodological framework that prioritised accuracy throughout the study process 

was shown by adherence to particular criteria such as the final phase of the condition (e.g., ARCO III–IV) and 

stated margins of error values. 

6.4 Statistical Software 

For the statistical analysis, the researcher used SPSS-26 and Microsoft Excel. 

6.5 Statistical Tools 

Descriptive statistics analysis provided insight into several program characteristics that are level-specific and 

demographic. Statistical methods used in inference-based research include 95% confidence intervals for odds 

ratios and analysis of variance (ANOVA). 
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7. CONCEPTUAL FRAMEWORK 

 
 

8. RESULT 

This study shed light on “Hormone-Induced” FHN’s mechanistic processes, focusing on “apoptosis”, 

“autophagy”, “oxidative imbalance” and inflammatory activation. The research article examined molecular 

and structural changes linked with illness development using a rigorous quantitative framework that included 

experimental, cohort and case-control methods. The investigation contrasted participants with vascular 

compromise with those with normal vascular integrity to better understand how decreased blood flow caused 

injury in cells and tissue degeneration. In this article, “Vascular Compromise” was defined as a mechanical 

disruption induced ischaemia or microvascular dysfunction that reduced or blocked blood flow in the artery 

to the femoral head. Osteocyte mortality and necrotic transformation were caused by decreased perfusion, 

nutrition supply and oxygenation. 

 

TABLE 3: THEMATIC INTERCONNECTIONS (QUANTITATIVE MAP VISUALIZATION) 

 

• The influence of Vascular Compromise on Apoptosis, Autophagy and Inflammatory Pathways 

in Hormone-Induced Femoral Head Necrosis (FHN): 

 

A decrease in blood circulation to the femoral head is a sign of this illness which has detrimental effects on 

bone health and often causes intense pain and impairment in the body. Understanding the many mechanisms 
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related to “Vascular Compromise”, including “apoptosis”, “autophagy” and inflammation might provide 

crucial insights into conceivable treatment approaches. Less blood flow is the primary cause of FHN and it 

has a significant impact on the integrity and stamina of the bones.  Because the femoral head has adequate 

vascularisation, any disruption in the flow of blood will result in a sequence of physiological and pathological 

responses. “The distribution of oxygen and nutrients necessary for bone formation and repair is hindered by 

reduced blood flow. Attenuation initiates critical biological mechanisms. “Avascular Necrosis” was brought 

on by a lack of blood (AVN)” (Zhang et al., 2024). The patient thus suffered from severe joint pain, mobility 

problems, and chronic joint problems. Because of these circumstances, the hip joint degenerated. It was 

discovered that treating femoral head problems requires a knowledge of the interactions between blood 

circulation, hormone control, and cellular responses. Treatments that improved blood flow and controlled 

hormone effects were used to reduce cellular death and preserve bone health. The interventions that were 

previously outlined were applied. Cell death (apoptosis) may result from decreased oxygen and nutrition 

delivery brought on by decreased blood flow to the femoral head. Hormonal levels, especially corticosteroids, 

might worsen vascular compromise by causing endothelial dysfunction or vasoconstriction (Ma et al., 2024). 

 

FIGURE 4: LOW OXYGEN LEVELS, ALTERED AUTOPHAGY, AND VASCULAR DAMAGE 

The investigator has developed a hypothesis to assess the association considering the previous discussion: 

• H01: "Vascular compromise has no significant effect on apoptosis rates in femoral head cells and 

does not influence necrosis rates regardless of hormonal levels." 

• H1: "Vascular compromise directly contributes to increased apoptosis in femoral head cells, leading 

to higher rates of necrosis in the presence of certain hormones." 
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FIGURE 5: ANOVA TEST DESCRIPTIVES (H1) SANKEY DIAGRAM 

TABLE 4: H1 ANOVA TEST 

 

The ANOVA result (F (242, 406) = 259.935, p < 0.001) was statistically significant. This suggested that the 

mean composite pathology scores for the various degrees of vascular compromise severity varied significantly 

from one another. The difference in pathology scores owing to vascular impairment was much larger than the 

variance resulting from random changes across patients in the same severity group, as shown by the extremely 

large Between-Groups Sum of Squares compared to the Within-Groups Sum of Squares. The p-value was less 

than.0.001, which was far below the typical alpha threshold of 0.05. The F-value was also quite high. The null 

hypothesis (H01) was rejected by researchers, and they accepted the alternative hypothesis, H1: "Vascular 

compromise directly contributes to increased apoptosis in femoral head cells, leading to higher rates of 

necrosis in the presence of certain hormones" according to the results. 

9. DISCUSSION 

The research found that hormone-induced FHN was caused by complicated vascular, cellular, and molecular 

abnormalities. Vascular compromise caused a prolonged hypoxic environment that caused apoptosis and 

disturbed bone-forming cell autophagy control. The research found that hypoxia-induced mitochondrial 

dysfunction triggered intrinsic apoptotic pathways, causing osteocyte loss and early microstructural 

deterioration in afflicted femoral heads. The study's quantitative analysis displayed that vascular compromise 

severity was associated with pathological scores, emphasising its prominent role in illness escalation. The 
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results mainly showed that vascular compromise was a key initiator in the pathophysiology of FHN brought 

on by hormones. The strong relation between increased “apoptotic” activity and decreased perfusion 

emphasised the hypoxia-mediated mechanism by which glucocorticoids caused their harmful effects. 

According to the research article, abnormal blood flow produced an “ischaemic milieu” within the femoral 

head, which in turn caused dysfunction in mitochondria and triggered the intrinsic apoptotic pathway in cells 

that make bone. This molecular insight provided a physiological foundation for the effectiveness of vasoactive 

treatments in the early stages of illness and explained the clinical finding of osteocyte death before structural 

collapse. The significant positive correlation between the degree of vascular compromise and the evolution of 

the pathological score further confirmed the crucial function that perfusion deficiencies play in the duration 

of the illness. 

 

10.  CONCLUSION 

“Apoptosis”, “autophagy”, and “inflammatory pathways” were the main subjects of this study's rigorous 

research of the processes behind FHN. Future research on FHN which is “Hormone-induced” was encouraged 

to focus on novel therapy approaches and individualised treatment plans. The main cause of FHN usually 

referred to as osteonecrosis or avascular necrosis (AVN) was a reduced blood supply to the femoral head, 

which causes death of cells. Measures to guarantee that the study's framework could be utilised and applied 

to real-world problems included: Models of Risk Stratification: creation of useful clinical tools for identifying 

high risk patients who need proper monitoring. The Function of Mechanism-Based Classification in the 

Creation of Customised Treatment Plans for Patients with Inflammation/Oxidative Stress or Vascular Disease 

Predominance. Quality of life was enhanced by guaranteeing that the results were relevant to actual human 

experiences. The need for improved patient diagnostics, preventative interventions and customised treatment 

methods was recognised with this translational focus. 
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