BMAC vs core decompression alone — systematic review
Abstract

Background
Bone marrow aspirate concentrate (BMAC) has been proposed as a biologic augmentation strategy for joint preservation in pre-collapse femoral head osteonecrosis. The strength of evidence supporting routine BMAC use is contested.

Methods
We performed a systematic review of MEDLINE, Embase, and the Cochrane Library through December 2025 for studies comparing core decompression alone with core decompression plus BMAC in pre-collapse (Ficat I or II) femoral head osteonecrosis. Outcomes of interest were conversion to total hip arthroplasty and Harris Hip Score at minimum 24 months.

Results
Twelve studies (1,247 hips) met inclusion criteria. Pooled conversion to arthroplasty was 18% with core decompression alone versus 11% with BMAC augmentation (relative risk 0.61; 95% confidence interval 0.48–0.78). Mean improvement in Harris Hip Score was modestly greater in the BMAC arm (+8 points; p = 0.02). Heterogeneity in injection technique, BMAC concentration, and lesion staging limited the strength of effect-size estimates.

Conclusion
BMAC augmentation may reduce conversion to arthroplasty in pre-collapse femoral head osteonecrosis, but heterogeneity in technique limits clinical generalizability. Multicenter prospective trials with standardized BMAC preparation are needed.
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Introduction
Femoral head osteonecrosis is a debilitating condition that, untreated, progresses to subchondral collapse and end-stage osteoarthritis in more than 80% of cases1. Joint-preserving interventions in the pre-collapse stage have the potential to delay or obviate total hip arthroplasty in young patients, who otherwise face the prospect of one or more revision arthroplasties over their remaining lifespan2.
Core decompression remains the most extensively studied joint-preserving intervention. Reported success rates in Ficat stage I and II disease range from 60% to 80% across single- and multi-center series3,4. Biologic augmentation strategies — including autologous bone marrow aspirate concentrate (BMAC), demineralized bone matrix, and platelet-rich plasma — have emerged over the past two decades as proposed adjuncts to core decompression. The strength of evidence supporting routine biologic augmentation is contested, with proponents citing improved early outcomes and skeptics citing methodological heterogeneity and small effect sizes.
We performed a systematic review of the comparative literature evaluating core decompression alone versus core decompression with BMAC augmentation in pre-collapse femoral head osteonecrosis to clarify the strength and consistency of any reported clinical benefit.

Methods
We conducted a systematic search of MEDLINE (via PubMed), Embase, and the Cochrane Central Register of Controlled Trials through December 31, 2025. The search strategy combined terms for femoral head osteonecrosis, core decompression, and bone marrow aspirate concentrate. Inclusion criteria were: (1) randomized controlled trial or comparative cohort study; (2) pre-collapse (Ficat I or II) disease; (3) explicit comparison of core decompression alone versus core decompression with BMAC; (4) minimum 24-month follow-up; (5) English-language publication.
Two reviewers independently screened titles and abstracts; disagreements were resolved by consensus. Quality of included studies was assessed using the Cochrane Risk of Bias 2 tool for randomized trials and the Newcastle-Ottawa Scale for cohort studies. The primary outcome was conversion to total hip arthroplasty by final follow-up. Secondary outcomes included Harris Hip Score change from baseline. Random-effects meta-analysis was used to pool effect sizes due to anticipated heterogeneity in injection technique and BMAC preparation.

Results
The initial search yielded 384 records. After deduplication and title/abstract screening, 47 full-text articles were assessed; 12 studies (1,247 hips in 1,084 patients) met inclusion criteria. Patient and study characteristics are summarized in Table 1.
Pooled conversion to total hip arthroplasty was 18.2% (95% confidence interval 14.7–22.1%) with core decompression alone versus 11.0% (95% confidence interval 8.4–14.1%) with BMAC augmentation. The pooled relative risk for conversion was 0.61 (95% confidence interval 0.48–0.78; I² = 34%). Mean improvement in Harris Hip Score from baseline to final follow-up was +18 points with core decompression alone and +26 points with BMAC augmentation (mean difference +8 points; 95% confidence interval +1 to +15; p = 0.02).
Heterogeneity in BMAC concentration ranged from 4× to 24× nucleated cell concentration relative to peripheral marrow. Injection technique varied from single-bolus injection through the trephine track to multiple smaller injections at multiple decompression channels. Subgroup analysis by lesion stage demonstrated a more pronounced benefit of BMAC in Ficat stage II disease (relative risk 0.55) than in Ficat stage I disease (relative risk 0.74).

Discussion
This systematic review identifies a modest but consistent reduction in conversion to total hip arthroplasty with BMAC augmentation of core decompression in pre-collapse femoral head osteonecrosis. The effect size is consistent with prior meta-analyses5,6 and is more pronounced in Ficat stage II disease, where the underlying probability of progression with core decompression alone is higher.
Three methodological limitations temper the strength of any single-study or pooled estimate. First, BMAC concentration and injection technique varied substantially across the included studies. Second, lesion staging in the included literature relied on Ficat classification, which is known to underestimate lesion volume relative to MRI-based volumetric assessment. Third, the included literature is dominated by single-center retrospective cohorts; only three of the 12 included studies were prospective randomized trials.
A multicenter randomized comparison of core decompression alone versus core decompression with BMAC in a population stratified by preoperative lesion volume — using a standardized BMAC preparation protocol — would address all three of these limitations and would provide the strongest evidence base for routine biologic augmentation in this population.

Conclusion
BMAC augmentation of core decompression may reduce conversion to total hip arthroplasty in pre-collapse femoral head osteonecrosis, with a more pronounced effect in Ficat stage II disease. Heterogeneity in BMAC preparation and injection technique limits the generalizability of pooled estimates. Standardized multicenter trials are needed.
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Figure legends
Figure 1.  PRISMA flow diagram of study identification, screening, eligibility, and inclusion through the systematic review process.
Figure 2.  Forest plot of pooled relative risk of conversion to total hip arthroplasty across the 12 included studies.




