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ABSTRACT 

Background: Avascular necrosis of the femoral head (AVNFH) is a progressive and debilitating 

condition that predominantly affects young and middle-aged adults, often leading to femoral head 

collapse and the need for total hip arthroplasty. Although stem cell–based therapies combined with 

core decompression have shown encouraging results, the durability of a single stem cell application 

remains uncertain. This study evaluates the clinical and radiological outcomes of a structured stem 

cell reutilization approach over a two-year follow-up period in a single tertiary center. 

Methods: This prospective single-center study was conducted at Al-Iraqi Hospital, Najaf, and 

included patients diagnosed with Steinberg stage I–III AVNFH. All patients underwent standard 

core decompression followed by intramedullary injection of autologous bone marrow mononuclear 

cells prepared using a simplified, non-Ficoll double-spin technique. Sequential stem cell 

reinjections were performed at 3 and 6 months. Clinical outcomes were assessed using the Visual 

Analog Scale (VAS) for pain and the Harris Hip Score (HHS) for function. Radiological evaluation 

was performed using serial MRI scans at baseline and during follow-up to assess lesion size, bone 

marrow edema, and structural progression. 

Results: Significant and sustained improvement in both pain and hip function was observed 

throughout the follow-up period. Mean VAS scores showed a marked reduction, while HHS 

demonstrated substantial functional recovery at 24 months. MRI analysis revealed lesion regression 

or radiological stabilization in the majority of hips, particularly in early-stage disease. Disease 
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progression and conversion to total hip arthroplasty were confined primarily to advanced stage III 

cases. No major procedure-related complications were recorded. 

Conclusion: Sequential reutilization of autologous bone marrow–derived stem cells appear to 

enhance and prolong the therapeutic benefits of biological hip preservation in patients with early 

and mid-stage AVNFH. The approach is safe, feasible, and effective within a resource-limited 

clinical setting, and may reduce disease progression and delay the need for arthroplasty. These 

findings support the role of staged biological reinforcement as a promising strategy in the 

contemporary management of AVNFH. 

Keywords: Avascular necrosis; Femoral head; Stem cell reutilization; Bone marrow mononuclear 

cells; Core decompression; Regenerative orthopedics; Hip preservation. 

 INTRODUCTION 

    Avascular necrosis of the femoral head (AVNFH) remains one of the most challenging 

orthopedic and regenerative-medicine conditions worldwide, particularly among young and 

middle-aged adults where joint preservation is of paramount importance. The disease is 

characterized by compromised blood flow to the femoral head, leading to progressive osteocyte 

death, structural collapse, and ultimately disabling osteoarthritis if left untreated [1]. Although the 

etiologies of AVNFH are multifactorial—ranging from corticosteroid exposure and alcohol abuse 

to hemoglobinopathies and traumatic insults—the final common pathway converges on ischemia-

induced cellular degeneration, microarchitectural breakdown, and loss of mechanical integrity [1–

3]. Conventional management strategies have historically centered on symptomatic control or 

surgical intervention; however, these approaches often fall short in halting disease progression, 

particularly in early stages. The increasing recognition that AVNFH represents not merely a 

mechanical disorder but a complex failure of bone biology has catalyzed a paradigm shift toward 

biological repair and regenerative therapies [2]. 

Over the past decade, mesenchymal stem cell (MSC)-based and bone-marrow-derived cellular 

therapies have emerged as some of the most promising interventions aimed at restoring the 

osteogenic environment of the femoral head. The rationale behind stem-cell application lies in their 

unique biological properties: multilineage differentiation potential, trophic cytokine secretion, 

immunomodulatory capabilities, and their capacity to stimulate angiogenesis and bone remodeling 

[3–5]. Among these, bone marrow aspirate concentrate (BMAC), stromal vascular fraction (SVF), 

and ex-vivo expanded MSCs have been the most extensively explored modalities, with 

accumulating evidence supporting their efficacy in improving clinical symptoms, enhancing 

radiological preservation, and delaying or preventing femoral head collapse. Nevertheless, 

substantial variability persists across studies regarding cell source, processing methods, dose, 

injection routes, and adjunctive decompression techniques—highlighting the need for more 

standardized, outcome-oriented research [6]. 
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One of the emerging concepts in regenerative orthopedics is stem cell reutilization, which refers to 

the repeated or staged use of autologous stem cell products to enhance and sustain the biological 

repair environment within the necrotic femoral head. This strategy is motivated by several 

observations: the transient nature of early regenerative effects, the progressive decline in local 

bone-marrow cellularity in diseased femoral heads, and the risk of ongoing microvascular 

compromise that may not be fully reversed by a single intervention [7]. Reutilization concepts may 

involve sequential BMAC injections, staged core decompression combined with repeat cell 

augmentation, or the use of collected autologous marrow fractions stored for re-infusion. Early 

theoretical and pilot studies have suggested that repeated cell delivery may reinforce osteogenesis, 

maintain anti-inflammatory signaling, and improve long-term structural integrity. However, the 

clinical evidence base remains limited, and long-term follow-up data from controlled or semi-

controlled settings are critically needed to determine real-world effectiveness [8]. 

Despite the global interest in this field, most published trials originate from multicenter settings or 

use heterogeneous inclusion criteria, making their generalizability difficult. Single-center 

experiences provide a unique opportunity to minimize confounding variations in surgical 

technique, stem-cell preparation workflow, operator expertise, and postoperative rehabilitation 

protocols. Such studies therefore play a crucial role in defining reproducible models of care and in 

identifying specific patient-level factors associated with therapeutic success. A dedicated two-year 

outcome assessment is particularly relevant, as the natural history of AVNFH often evolves within 

12–24 months, during which radiographic progression and functional decline typically manifest if 

untreated. Capturing this time window provides meaningful insight into whether stem-cell 

reutilization can alter the trajectory of disease progression or reduce the need for total hip 

arthroplasty (THA) [9]. 

The present study builds on this evolving evidence by providing a comprehensive two-year clinical 

and radiological evaluation of patients with AVNFH treated using a standardized, single-center 

protocol incorporating repeated autologous stem-cell augmentation. The intervention utilizes 

aspirated marrow mononuclear cells processed through a simplified technique that avoids density-

gradient separation and minimizes cell loss—thereby maintaining high viability and preserving the 

native osteogenic milieu [10–12]. This protocol was implemented consistently across all cases, 

enabling systematic monitoring of therapeutic response, pain reduction, lesion stabilization, and 

structural preservation as assessed by MRI and radiography. Moreover, our approach was 

developed with particular consideration for resource-limited settings where sophisticated cell-

processing equipment may be unavailable, making the reutilization strategy clinically realistic and 

cost-effective. 

METHODOLOGY 

Study Design and Setting 

This was a prospective, single-center clinical study conducted at the Iraqi Bone Marrow Transplant 

and Regenerative Medicine Unit, Al-Iraqi Hospital, Najaf, Iraq. All procedures were performed by 

the same orthopedic and hematology–regenerative medicine team to ensure consistency in 
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technique and post-procedure follow-up. The study period extended from January 2022 to 

December 2024, with a minimum follow-up of 24 months for each enrolled patient. 

The hospital hosts a dedicated minor operating theater, an imaging department equipped with MRI 

and digital radiography, and a stem-cell preparation room operating under clean-room conditions 

with controlled workflow and sterile handling. All stem-cell procedures followed the internal 

quality manual approved by the hospital’s Scientific Committee. 

 

Patient Selection 

Inclusion Criteria 

Patients were eligible if they met all the following conditions: 

1. Age 18–55 years 

2. Diagnosis of avascular necrosis of the femoral head (AVNFH) confirmed by MRI 

3. Steinberg stage I–III (pre-collapse or early collapse without acetabular involvement) 

4. Persistent hip pain or functional limitation despite at least 3 months of conservative therapy 

5. Ability to attend scheduled follow-up visits for 24 months 

6. Willingness to undergo bone marrow aspiration and intramedullary injection 

Exclusion Criteria 

Patients were excluded if they had: 

• Advanced stage (Steinberg IV–VI) 

• Systemic infection or local hip infection 

• Severe coagulopathy or platelet count < 80,000/µL 

• Prior hip surgery on the same side 

• Active malignancy 

• Pregnancy 

• Inadequate bone-marrow aspiration due to technical reasons 

 

Ethical Approval and Consent 

The study protocol was reviewed and approved by the Ethical and Scientific Committee of Al-Iraqi 

Hospital, Najaf. All patients provided written informed consent after full explanation of the 

procedure, its potential benefits, and possible complications. The hospital followed the ethical 

requirements aligned with the Declaration of Helsinki. 

Clinical Assessment and Baseline Evaluation 

Pre-Procedure Evaluation 

All patients underwent: 

• Full clinical examination 

• Visual Analog Scale (VAS) for pain assessment 

• Harris Hip Score (HHS) for functional evaluation 

• Standard pelvic radiograph 

• MRI of both hips with T1, T2, and STIR sequences 

• Complete blood count and coagulation profile 
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• Renal and liver function testing 

Lesion characteristics (location, size, and percentage of involvement) were independently classified 

by two radiologists experienced in musculoskeletal imaging. 

Stem Cell Preparation and Reutilization Protocol 

Bone Marrow Aspiration Procedure 

Under spinal anesthesia and sterile conditions, 60–120 mL of bone marrow was aspirated from the 

posterior iliac crest using a Jamshidi needle. Aspiration was performed in 5–10 mL aliquots while 

rotating the needle to avoid dilution with peripheral blood. 

Processing Technique 

A simple, closed, non-Ficoll, double-spin method was used in accordance with the hospital’s 

regenerative medicine workflow: 

1. First centrifugation: 1,200 rpm for 10 minutes to separate plasma and buffy coat. 

2. Harvesting of buffy coat with minimal red cell contamination. 

3. Second centrifugation: 3,000 rpm for 7 minutes to concentrate mononuclear cells. 

4. Final bone marrow mononuclear cell (BMMC) volume ranged between 8–14 mL. 

No ex-vivo culture, expansion, or chemical manipulation was performed. Cell viability was 

assessed using trypan blue exclusion with a handheld automated counter. 

Intramedullary Injection Technique 

All patients underwent standard core decompression using a 3.2 mm drill inserted through a lateral 

femoral entry point under fluoroscopic guidance. After decompression: 

• The BMMC concentrate was slowly injected into the necrotic region using a long spinal 

needle. 

• Injection duration averaged 4–6 minutes to avoid pressurization. 

• Wound was closed with a single absorbable suture and sterile dressing applied. 

Reutilization Schedule 

To evaluate the effect of sequential cell reinforcement, patients received: 

• First injection: Day 0 (concurrent with initial core decompression) 

• Second injection: At 3 months, without repeat decompression 

• Third injection: At 6 months, based on clinical and MRI findings 

The second and third injections used freshly aspirated autologous marrow processed with the same 

protocol. No cryopreservation was used. 

Post-Procedure Care 

After the first procedure: 

• Patients were kept partially weight-bearing with crutches for 4–6 weeks. 

• NSAIDs avoided for 2 weeks to prevent anti-proliferative effects on MSCs. 

• Physiotherapy initiated after 10 days focusing on range of motion and gradual muscle 

strengthening. 
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For reutilization injections (3 and 6 months), patients were discharged the same day and allowed 

immediate partial weight-bearing. 

Outcome Measures 

Primary Outcomes 

1. Pain improvement measured by VAS. 

2. Functional outcome assessed using Harris Hip Score (HHS). 

3. Radiological progression or stabilization based on MRI evaluation of lesion size, edema, 

and collapse. 

Secondary Outcomes 

• Need for conversion to total hip arthroplasty (THA) 

• Incidence of complications (hematoma, infection, persistent drainage) 

• Patient satisfaction score on a 5-point scale 

• Preservation of joint space on X-ray 

Follow-up Protocol 

Patients were evaluated at: 

• 1 month 

• 3 months 

• 6 months 

• 12 months 

• 18 months 

• 24 months 

At each visit, VAS and HHS were recorded. MRI scans were performed at baseline, 6 months, 12 

months, and 24 months. 

Radiological examination focused on: 

• Improvement of bone edema 

• Reduction of necrotic segment size 

• Presence or absence of subchondral fracture (“crescent sign”) 

• Any collapse progression greater than 2 mm 

All radiology assessments were performed by blinded radiologists. 

Statistical Analysis 

Data were analyzed using SPSS version 26. Continuous variables were expressed as mean ± 

standard deviation. Paired t-tests were used to compare baseline and follow-up scores. A p-value < 

0.05 was considered statistically significant. 

Subgroup analysis was performed according to Steinberg stage (I vs. II vs. III) and lesion size 

(<30% vs. 30–50% involvement). 
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RESULTS 

Patient Characteristics 

A total of 46 patients (58 hips) were enrolled between January 2022 and December 2022. All 

patients completed a minimum 24-month follow-up. 

The mean age was 38.7 ± 7.9 years (range 22–55), with 32 males (69.6%) and 14 females 

(30.4%). Bilateral disease was present in 12 patients (26.1%). 

Etiology of AVNFH included: 

• Corticosteroid-induced: 21 hips (36.2%) 

• Idiopathic: 19 hips (32.8%) 

• Alcohol-related: 7 hips (12.1%) 

• Sickle cell disease: 11 hips (19.0%) 

Baseline MRI staging (Steinberg): 

• Stage I: 14 hips (24.1%) 

• Stage II: 29 hips (50.0%) 

• Stage III: 15 hips (25.9%) 

 

Table 1. Baseline Patient Characteristics 

Variable Value 

Total patients 46 

Total hips 58 

Age (mean ± SD) 38.7 ± 7.9 years 

Male : Female 32 : 14 

Bilateral AVN 12 patients (26.1%) 

Corticosteroid-induced 36.2% 

Idiopathic 32.8% 

Sickle cell 19.0% 

Alcohol 12.1% 

Steinberg I 24.1% 

Steinberg II 50.0% 

Steinberg III 25.9% 
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Clinical Outcomes 

Pain (VAS Score) 

Mean baseline VAS was 7.8 ± 1.1. Significant improvement was observed at each follow-up 

interval: 

• 3 months: 4.3 ± 1.4 

• 6 months: 3.1 ± 1.2 

• 12 months: 2.4 ± 1.0 

• 24 months: 2.1 ± 1.2 

Overall pain reduction: −5.7 points (p < 0.001). 

Function (Harris Hip Score) 

Baseline HHS was 54.6 ± 6.8, improving progressively: 

• 6 months: 72.8 ± 7.9 

• 12 months: 80.4 ± 8.3 

• 24 months: 84.2 ± 9.1 

A ≥ 20-point improvement was achieved in 83% of hips. 

Table 2. Clinical Outcomes (VAS & HHS) 

Time Point VAS (mean ± SD) HHS (mean ± SD) 

Baseline 7.8 ± 1.1 54.6 ± 6.8 

3 months 4.3 ± 1.4 – 

6 months 3.1 ± 1.2 72.8 ± 7.9 

12 months 2.4 ± 1.0 80.4 ± 8.3 

24 months 2.1 ± 1.2 84.2 ± 9.1 

 

Radiological Outcomes 

MRI Assessment 

Out of 58 hips: 

• Lesion regression (reduction in necrotic volume): 19 hips (32.7%) 

• Radiological stabilization: 27 hips (46.5%) 

• Progression with partial collapse: 12 hips (20.6%) 

No patient in Stage I showed progression. 
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Bone Marrow Edema 

Bone edema significantly decreased in: 

• 41 hips (70.6%) by 6 months 

• 48 hips (82.7%) by 12 months 

Lesion Size 

Average reduction in necrotic segment: 

• Steinberg I: 18.4% reduction 

• Steinberg II: 12.2% reduction 

• Steinberg III: No significant shrinkage, but slowed progression 

Conversion to Total Hip Arthroplasty (THA) 

During the 24-month follow-up: 

• 6 hips (10.3%) required THA 

• All belonged to Stage III 

• No Stage I or II required THA 

 

The baseline coronal shows a well-defined anterolateral necrotic region with surrounding bone 

marrow edema. 

At 12 months, the necrotic area demonstrates reduced hyperintensity, with marked resolution of 

edema and no evidence of subchondral collapse as in (Figure 1). 

   

 

 

Figure 1.  Comparison at Baseline and 12 Months (Stage II Case) with procedures  
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Sequential MRI from Baseline to 24 Months (Stage I Case) 

Baseline MRI shows small focal necrosis without cartilage disruption. 

At 6 months, the lesion appears contracted with normalization of marrow signal. 

The 24-month scan confirms complete edema resolution and structural preservation of the 

femoral head clearly appeared in (Figure 2). 

MRI at baseline shows a large necrotic zone with early crescent sign. 

Despite clinical improvement at 6 months, the 24-month MRI shows progressive collapse, 

consistent with the need for arthroplasty. 

 

 

Figure 2. Sequential MRI from Baseline to 24 Months (Stage I Case) 

 

Subgroup Analysis 

By Stage 

• Stage I: 100% stabilization or improvement 

• Stage II: 79.3% stabilization, 17.2% regression 

• Stage III: 46.6% stabilization, 40% progression 

By Etiology as in (Figure 3) 

Best outcomes were observed in: 

• Idiopathic AVN: 88% stabilization/regression 

• Steroid-induced: 67% stabilization/regression 

• Sickle cell disease: lower response, with 4/11 (36%) progressing   
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Figure 3. Kaplan-Meier curve by AVN stage. 

 

Table 3. Radiological Outcomes by Stage 

Stage Improved Stable Progressed THA 

I 10 (71.4%) 4 (28.6%) 0 0 

II 16 (55.2%) 7 (24.1%) 6 (20.7%) 0 

III 3 (20.0%) 6 (40.0%) 6 (40.0%) 6 

 

Safety and Complications 

The procedure was generally well tolerated. 

• Mild pain at aspiration site: 9 patients (19.5%) 

• Transient swelling at injection site: 6 patients (13%) 

• No infections 

• No thrombotic events 

• No neurovascular injury 

• No systemic adverse reactions to repeated bone-marrow aspiration 

No patient discontinued follow-up due to adverse events. 

Patient Satisfaction 

At 24 months: 

• Very satisfied: 28 patients (60.8%) 

• Satisfied: 12 patients (26%) 

• Neutral: 4 patients (8.6%) 

• Dissatisfied: 2 patients (4.3%) 
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DISCUSSION 

    Avascular necrosis of the femoral head (AVNFH) remains a complex orthopedic problem in 

which mechanical failure of subchondral bone intersects with profound biological dysfunction 

involving microvascular compromise, inflammatory cytokine imbalance, and impaired osteogenic 

signaling [11]. While total hip arthroplasty (THA) offers reliable outcomes for advanced disease, 

preserving the native joint—particularly in young and middle-aged patients—continues to be a 

critical clinical priority. In this context, regenerative strategies utilizing autologous bone marrow 

mononuclear cells (BMMCs) and mesenchymal stem cells (MSCs) have gained increasing global 

attention. The present single-center Iraqi study contributes important evidence to this emerging 

field by demonstrating that sequential, or “reutilized,” bone-marrow–derived stem cell 

augmentation can meaningfully improve pain, functional capacity, and radiological stability across 

a two-year follow-up period [12]. 

The results of this study align with a growing body of literature supporting biological augmentation 

as an effective intervention in early-stage AVNFH. Previous studies have reported favorable 

outcomes following a single dose of BMAC or MSCs combined with core decompression, with 

improvement rates ranging from 60% to 80% depending on disease stage, patient phenotype, and 

injection technique [13–17]. Our findings reinforce this evidence while introducing an important 

refinement: reutilization of autologous stem-cell therapy through staged injections at 3 and 6 

months. This approach reflects a practical response to the known biological challenges of AVNFH, 

including ongoing ischemia, persistent inflammatory signaling, and the limited duration during 

which transplanted cells remain active within the necrotic bone environment [18]. 

A notable outcome in the current study is the substantial and sustained improvement in VAS and 

HHS scores across all stages, with a mean HHS increase of nearly 30 points at 24 months. The 

magnitude of functional recovery suggests that sequential reinforcement of the biological milieu 

may extend the therapeutic window beyond what is typically expected from a single injection. 

While the mechanisms underlying this improved response were not directly investigated, it is 

plausible that repeated marrow aspiration provides fresh pools of progenitor cells, growth factors, 

and cytokines capable of re-stimulating angiogenesis and osteogenesis at critical intervals. 

Additionally, repeated injections without repeat drilling minimize procedural trauma and preserve 

the integrity of the decompressed tract [19-21]. 

Radiologically, the study demonstrated that 79.3% of hips exhibited either improvement or 

stabilization, with only advanced Stage III disease showing significant progression. This stage-

dependent pattern aligns with established natural history models indicating that once structural 

collapse has initiated, biological treatments alone are unlikely to reverse the biomechanical 

damage. Nevertheless, even in Stage III hips, 40% remained stable at 24 months—an encouraging 

result given that these patients represented the highest-risk category and are traditionally expected 

to progress to THA. The 10.3% conversion rate to THA, confined exclusively to Stage III, 

compares favorably with global reports of 20–35% THA rates following single-dose stem-cell 

therapy in similar populations [22]. 
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    The differential outcomes across etiological subgroups deserve specific discussion. Idiopathic 

and steroid-induced AVNFH showed favorable responses, while patients with sickle cell disease 

had more limited improvement [23]. This is consistent with biological expectations: sickle cell 

disease presents a persistent microvascular pathology characterized by ongoing vaso-occlusion, 

chronic inflammation, and repeated ischemia-reperfusion injury, all of which undermine 

regenerative efforts. The current data suggest that while stem-cell reutilization is beneficial across 

etiologies, expectations should be more guarded in hemoglobinopathy-related AVN, and 

multimodal strategies—including disease-modifying therapy, hydroxyurea optimization, and 

aggressive vascular management—may be needed [24]. 

    The technical aspects of the stem-cell preparation protocol also warrant reflection. The decision 

to employ a simple, non-Ficoll, double-spin preparation reflects an intentional effort to maintain 

cell viability and avoid excessive processing. Several reports have indicated that Ficoll separation, 

while generating a cleaner mononuclear cell fraction, may also result in significant cell loss and 

increased manipulation, which may not be necessary for the osteogenic effect targeted in AVNFH. 

Our simplified protocol produced a concentrated BMMC layer rich in progenitors, platelets, and 

soluble factors—possibly enhancing both the paracrine and direct regenerative effects. This 

positions the technique as particularly suitable for low-resource settings, where access to advanced 

cell-processing facilities may be limited [25-28]. 

    The strength of this study lies in its methodological consistency. Unlike multicenter studies 

where surgical techniques, imaging protocols, and processing workflows vary, our single-center 

design ensured uniform application of core decompression, marrow aspiration, centrifugation 

parameters, and injection technique [29-30]. Moreover, all MRI evaluations were performed by 

blinded radiologists, reducing the risk of subjective bias. The extended 24-month follow-up 

provides a realistic assessment of medium-term therapeutic durability, bridging the gap between 

short-term symptom relief and long-term structural preservation [31-32]. 

    Despite these strengths, several limitations must be acknowledged. First, this was a single-arm 

study without a control group receiving either decompression alone or single-dose therapy. While 

ethical considerations in our patient population made conservative management difficult to justify, 

future randomized studies are needed to quantify the incremental benefit attributable specifically 

to reutilization. Second, although MRI lesion size and edema were systematically measured, 

quantitative volumetric assessment or T2 mapping would provide more detailed insights into 

biological healing [33]. Third, bone marrow aspirate quality may vary by patient, and cellular 

composition was not analyzed beyond standard viability testing. Future work incorporating flow 

cytometry or colony-forming assays could help correlate specific cellular subtypes with clinical 

outcomes [34]. 

    Another important limitation concerns the lack of biomechanical evaluation. While radiographic 

stabilization is encouraging, subchondral microarchitecture may continue to deteriorate despite a 

stable external contour [35-40]. Advanced imaging such as dGEMRIC, 3D T1ρ, or quantitative CT 

could provide deeper insight into the structural resilience of treated hips. Additionally, although 

the reutilization strategy appears safe, repeated marrow aspiration may not be tolerated by all 
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patients. In our cohort, complications were minimal, but larger samples are needed to establish 

long-term safety [41-46]. 

    An intriguing direction for future research involves combining stem-cell reutilization with 

adjunctive biological agents such as extracorporeal shockwave therapy, bisphosphonates, statins, 

or PRP. Integrating perfusion-enhancing therapies may further amplify the angiogenic response 

induced by marrow cells. Moreover, with the emergence of point-of-care MSC enrichment devices 

and microfracture-assisted decompression systems, the therapeutic landscape continues to evolve 

rapidly, creating opportunities for hybrid protocols. 

    This study provides strong evidence that sequential autologous BMMC reutilization, delivered 

through a standardized protocol in a single Iraqi center, is safe, feasible, and effective in altering 

the clinical course of early and mid-stage AVNFH. Pain relief, functional recovery, and high 

radiological preservation rates were observed across nearly all patients, with THA requirements 

limited to those presenting with advanced structural compromise. These findings support the 

integration of staged biological reinforcement into AVNFH management guidelines and offer a 

cost-conscious, resource-appropriate model for regenerative orthopedic practice in similar 

healthcare settings. Continued research—including randomized comparisons, mechanistic studies, 

and long-term follow-up—is essential to refine patient selection criteria and optimize treatment 

algorithms. However, based on the available evidence, reutilized stem-cell therapy constitutes a 

promising step toward more durable, joint-preserving interventions for AVNFH. 

 

CONCLUSION 

In this prospective single-center study, the reutilization of autologous bone-marrow–derived 

mononuclear cells demonstrated meaningful and sustained therapeutic benefit for patients with 

early and mid-stage avascular necrosis of the femoral head. Sequential cell reinforcement at 3- and 

6-month intervals, combined with standardized core decompression and a simplified non-Ficoll 

processing technique, resulted in substantial reductions in pain, marked functional improvement, 

and high rates of radiological stabilization over a 24-month period. Importantly, the need for total 

hip arthroplasty was limited to advanced Stage III cases, underscoring the value of timely biologic 

intervention before subchondral collapse becomes irreversible. The results support the concept that 

AVNFH is a dynamic pathological process that may require repeated biological stimulation rather 

than a single treatment event. Reutilizing fresh autologous bone marrow appears to sustain 

osteogenic and angiogenic activity within the necrotic region, enhancing the durability of clinical 

response. The technique—safe, well-tolerated, and feasible in a resource-limited healthcare 

environment—also offers a practical regenerative option for centers without access to advanced 

cell-processing laboratories.  

Overall, reutilized stem-cell therapy represents a promising joint-preservation strategy capable of 

altering the natural course of AVNFH when applied during early and intermediate stages. Larger, 

controlled studies with extended follow-up and more detailed biological characterization are 

warranted to further define its role, optimize patient selection, and refine procedural protocols. 

Nonetheless, the findings from this Iraqi single-center experience provide strong foundational 
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evidence supporting the integration of staged biologic reinforcement into contemporary AVNFH 

management. 
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