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ABSTRACT
Iliac Crest Bone Graft (ICBG) has historically been recognized as the gold standard in spinal arthrodesis procedures. However, its use 

is intrinsically associated with donor site complications, including chronic pain, paresthesia, risk of infection, and the limitation of available 
bone volume for harvesting. These disadvantages have motivated the exploration of biologically compatible and less invasive alternatives, 
such as Bone Marrow Aspirate (BMA). Although preliminary publications suggest favorable results, uncertainties persist regarding the 
actual effectiveness and safety of BMA in vertebral arthrodesis. Thus, the present study is a systematic review of the literature, conducted 
in accordance with the PRISMA Guidelines, whose primary objective was to evaluate the safety and clinical efficacy of BMA in spine ar-
throdesis procedures. The methodological quality of the identified Randomized Clinical Trials (RCTs) was assessed using the PEDro scale. 
The bibliographic search was performed by two independent reviewers in the Pubmed, Web Of Science, Scopus, and Embase databases, 
covering the period from 2005 to 2024. The descriptors “Bone Marrow Aspirate” OR “BMA” AND “Spine Fusion” OR “Spine Arthrodesis” 
were used, with the application of filters for “Randomized Controlled Trial,” “Meta-Analysis,” and “Systematic Reviews.” After screening and 
methodological evaluation, the final sample consisted of 14 studies. The consolidated data analysis demonstrated that BMA, notably when 
used in combination with synthetic grafts, presents satisfactory results concerning fusion rates, postoperative pain levels, and functional 
outcomes. These findings position BMA as a clinically viable alternative to ICBG. Level of Evidence II; Systematic Review. 

Keywords: Bone Marrow Cells; Spinal Fusion; Bone Graft.

RESUMO
O enxerto ósseo da crista ilíaca (ICBG) é reconhecido historicamente como o padrão-ouro nas artrodeses da coluna vertebral. Contudo, 

sua utilização está intrinsecamente associada a complicações no sítio doador, incluindo dor crônica, parestesia, risco de infecção e a 
limitação do volume ósseo disponível para coleta. Tais desvantagens motivaram a exploração de alternativas biologicamente compatíveis 
e menos invasivas, como o Aspirado de Medula Óssea (BMA). Embora publicações preliminares sugiram resultados favoráveis, persistem 
incertezas quanto à real efetividade e segurança do BMA nas artrodeses vertebrais. Deste modo, o presente estudo consiste em uma 
revisão sistemática da literatura, conduzida em conformidade com as Diretrizes PRISMA, cujo objetivo primordial foi avaliar a segurança e a 
eficácia clínica do BMA em procedimentos de artrodese da coluna. A qualidade metodológica dos Ensaios Clínicos Randomizados (RCTs) 
identificados foi avaliada utilizando a escala PEDro. A busca bibliográfica foi realizada por dois revisores independentes nas bases de dados 
Pubmed, Web Of Science, Scopus e Embase, abrangendo o período de 2005 a 2024. Foram empregados os descritores “Bone Marrow 
Aspirate” OR “BMA” AND “Spine Fusion” OR “Spine Arthrodesis”, com a aplicação de filtros para “Randomized Controlled Trial”, “Meta-Analysis” 
e “Systematic Reviews”. Após a triagem e avaliação metodológica, a amostra final foi composta por 14 estudos. A análise consolidada dos 
dados demonstrou que o BMA, notadamente quando utilizado em combinação com enxertos sintéticos, apresenta resultados satisfatórios 
no que concerne aos índices de artrodese, níveis de dor pós-operatória e desfechos funcionais. Estes achados posicionam o BMA como 
uma alternativa clinicamente viável ao ICBG. Nível de Evidência II; Revisão Sistemática.

Descritores: Células de Medula Óssea; Artrodese de coluna; Enxerto Ósseo.

RESUMEN
El injerto óseo de cresta ilíaca (ICBG) ha sido reconocido históricamente como el estándar de oro en las artrodesis de columna vertebral. 

Sin embargo, su uso está intrínsecamente asociado a complicaciones en el sitio donante, incluyendo dolor crónico, parestesia, riesgo 
de infección y la limitación del volumen óseo disponible para la recolección. Dichas desventajas motivaron la exploración de alternativas 
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biológicamente compatibles y menos invasivas, como el Aspirado de Médula Ósea (BMA). Aunque las publicaciones preliminares sugieren 
resultados favorables, persisten incertidumbres en cuanto a la efectividad y seguridad real del BMA en las artrodesis vertebrales. De este 
modo, el presente estudio consiste en una revisión sistemática de la literatura, llevada a cabo en conformidad con las Directrices PRISMA, 
cuyo objetivo primordial fue evaluar la seguridad y la eficacia clínica del BMA en procedimientos de artrodesis de columna. La calidad 
metodológica de los Ensayos Clínicos Aleatorizados (RCTs) identificados fue evaluada utilizando la escala PEDro. La búsqueda bibliográfica 
fue realizada por dos revisores independientes en las bases de datos Pubmed, Web Of Science, Scopus y Embase, abarcando el período 
de 2005 a 2024. Se emplearon los descriptores “Bone Marrow Aspirate” OR “BMA” AND “Spine Fusion” OR “Spine Arthrodesis”, con la 
aplicación de filtros para “Randomized Controlled Trial”, “Meta-Analysis” y “Systematic Reviews”. Tras la selección y evaluación metodo-
lógica, la muestra final se compuso de 14 estudios. El análisis consolidado de los datos demostró que el BMA, especialmente cuando 
se utiliza en combinación con injertos sintéticos, presenta resultados satisfactorios en lo que respecta a los índices de artrodesis, niveles 
de dolor postoperatorio y resultados funcionales. Estos hallazgos posicionan al BMA como una alternativa clínicamente viable al ICBG. 
Nivel de Evidencia II; Revisión Sistemática.

Descriptores: Células de la médula ósea; Fusión espinal; Injerto Óseo.

INTRODUCTION
Spinal arthrodesis is widely used for the management of de-

formities, instabilities, trauma, and degenerative spinal conditions. 
Although autologous iliac crest bone graft (ICBG) remains the histo-
rical gold standard for achieving fusion, its harvest is associated with 
significant limitations, including pain, infection, bleeding, neuroma 
formation, and limited graft availability.1,2

Bone Marrow Aspirate (BMA) has emerged as an alternative. 
Rich in mesenchymal stem cells (MSCs), cytokines, and growth fac-
tors, BMA promotes osteogenesis, angiogenesis, and extracellular 
matrix deposition.1,2,3,4 Its application, whether alone, in combination 
with synthetic bone substitutes, or with demineralized bone matrix 
(DBM), enhances cellular proliferation and biomechanical integra-
tion.3 Unlike synthetic grafts, BMA is characterized by biocompatibi-
lity and a favorable safety profile,5 even with variations in harvesting, 
preparation, and application methods.5,6,7,8

This systematic review critically evaluated existing evidence on the 
clinical efficacy and safety of BMA in spinal arthrodesis procedures.

METHODS
This systematic review followed the PRISMA 2020 Guidelines 

to synthesize evidence regarding the efficacy and safety of Bone 
Marrow Aspirate (BMA) in spinal arthrodesis procedures. Rando-
mized clinical trials (RCTs) were assessed using the PEDro scale. 
The review protocol was prospectively registered in PROSPERO 
(Registration: CRD420251017360), ensuring methodological trans-
parency and rigor. Only studies with robust designs and clinically 
relevant outcomes were included. 

Search Strategy and Data Extraction
Two independent reviewers conducted a systematic search of 

the PubMed, Web of Science, Scopus, and Embase databases us-
ing the descriptors: “Bone Marrow Aspirate,” “BMA,” “Spine Fusion,” 
and “Spine Arthrodesis,” combined with filters for “Randomized 
Controlled Trial,” “Meta-Analysis,” and “Systematic Reviews,” up to 
December 2024. Search strategies were adapted for each database. 
Manual searches of reference lists of selected studies were also per-
formed. Grey literature and preprint repositories were not included.   

Eligibility Criteria and Study Selection
Inclusion criteria were: (1) studies involving adult humans (≥18 

years) undergoing spinal arthrodesis using any type of bone graft; 
(2) Systematic Reviews, Meta-Analyses, Randomized Controlled 
Trials, or Prospective Controlled Observational Studies; (3) asses-
sment of outcomes related to spinal fusion, safety profile, and/or 
clinical efficacy (VAS, ODI, fusion rate); (4) studies published in 
journals ranked in the first quartile (Q1) of the SCImago Journal Rank 
(SJR); (5) publication between 2005 and 2024, in any language.

Exclusion criteria were: case reports; case series without a 
control group; retrospective studies; studies involving pediatric pa-
tients, tumors, or infections; inconsistent methodologies; absence 

of objective data on fusion rates or clinical–functional outcomes; 
and experimental animal or cadaveric research.

Study selection occurred in two stages: initial screening of titles 
and abstracts followed by full-text review. Two reviewers (AMMA and 
DLPLMS) independently applied eligibility criteria, with disagree-
ments resolved by a third reviewer (MACF). Inter-rater reliability was 
assessed using the kappa coefficient (k). All steps were documented 
according to the PRISMA flowchart. (Figure 1) 

The quality of RCTs was evaluated using the PEDro scale (maxi-
mum score: 10). Classifications were: high quality (≥7), moderate 
quality (5–6), or low quality (≤4). 

Risk of bias was assessed using RoB2 for randomized trials, 
examining five domains: randomization bias, deviations from inten-
ded interventions, missing outcome data, outcome measurement, 
and selective reporting. Observational studies were evaluated using 
ROBINS-I, examining seven domains: confounding, participant se-
lection, intervention classification, deviations, missing data, measu-
rement, and selective reporting. 

Due to significant methodological heterogeneity across stu-
dies—differences in outcomes, measurement tools, evaluation cri-
teria, and follow-up duration—a qualitative synthesis was performed 
instead of a meta-analysis. Evidence quality for fusion rate, VAS, 
ODI, and adverse events was evaluated using the GRADE approach 
(risk of bias, inconsistency, indirectness, imprecision, publication 
bias). Funnel plot analysis was not performed due to lack of homo-
geneous quantitative data.

Data Extraction and Management 
Data extraction was performed independently and systemati-

cally using a structured spreadsheet (Microsoft Excel®). Extracted 
variables included: (1) general characteristics (author, year, follow-
up period, study design); (2) patient profile (sample size, age, 
sex, diagnosis, attrition); (3) intervention details (graft type, fusion 
technique, spinal region, number of levels); (4) BMA specifics 
(harvesting site, volume, concentration, application, combination 
with biomaterials); (5) outcomes (fusion rate via X-ray or CT, com-
plications, and validated clinical scales such as VAS, ODI, LBOS, 
SF-36, Prolo).

RESULTS

Methodological Quality Analysis and Extracted Data 

Study Identification 
The systematic search identified 2,631 records, which were 

screened for duplication, study design, and relevance based on 
predefined eligibility criteria. After screening, 60 studies were 
selected for full-text reading, of which 42 were excluded for not 
meeting inclusion criteria. Inter‑rater agreement between reviewers 
was high (k = 0.891). A total of 14 studies were included in the 
qualitative synthesis, as represented in the PRISMA flowchart. 
(Figures 1–6) 
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General Characteristics
The included studies comprised 318 patients undergoing spi-

nal arthrodesis, predominantly in the lumbar spine. Only one study 
assessed the use of BMA in cervical fusion. The mean patient age 
was 61 years (range 46–74). Follow‑up durations ranged from 12 
to 36 months. 

Study designs included 6 RCTs, 3 prospective controlled cohort 
studies, 3 systematic reviews, and 2 meta‑analyses. Table 1 sum-
marizes the PEDro scores of the included clinical trials.

Methodological Quality
Of the included RCTs, 33% (n = 2) were classified as high quality 

(PEDro = 7), while 67% (n = 4) were classified as moderate qual-
ity (5–6 points). Risk‑of‑bias analysis using RoB2 (for RCTs) and 
ROBINS‑I (for observational studies) found RoB2: 3 studies with low 
risk of bias, 2 with moderate risk, and 1 with high risk; ROBINS‑I: 1 

study with low risk of bias, 2 with moderate risk.
GRADE evidence quality was categorized as high for 2 me-

ta‑analyses and 1 systematic review, moderate for 6 studies (2 
reviews, 3 RCTs, 1 cohort study), and low for 5 remaining studies.

Radiographic Outcomes
Fusion rates varied from 45.5% to 100%, influenced by BMA 

concentration, type of scaffold, and length of follow‑up.5,6,9,12 
García et al.5 reported superior fusion rates with concentrated 

BMA (BMAc) + allograft compared with ICBG on radiography and 
CT at 6 and 12 months. Yamada et al.3 achieved a 93.5% 24‑month 
fusion rate using porous β‑TCP + BMA. Hart et al.12 observed uni-
lateral fusion in 80% of cases with BMAc vs. 40% with allograft. Já 
Johnson et al.6 e Neen et al.9 reported fusion rates between 84% and 
94%, with no significant differences between BMA and ICBG groups. 

Radiographic assessment varied considerably: 11 studies used serial 

Figure 1. PRISMA 2020 flow diagram for study identification, screening, eligibility, and inclusion.18

Figure 2. Temporal distribution of included literature by publication year. Figure 3. Number of studies by design.
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radiographs, while eight incorporated CT with objective fusion criteria. 
Imaging timing and fusion definitions differed significantly among studies.

Clinical and Functional Outcomes
Validated assessment tools included VAS, ODI, LBOS, SF‑36, 

and JOA. Both BMA and ICBG groups demonstrated significant 
postoperative improvements in pain and function, with no statistically 
significant differences in most trials.

García de Frutos et al.5 Johnson et al.6 Neen et al.9 and Odri et 
al.10 found no significant group differences in VAS, ODI, LBOS, or 
SF‑36 outcomes, although all studies showed clinical improvement. 
Only the BMA group showed significant improvement in the SF‑36. 
Ploumis et al.11 reported a mean JOA recovery of 76.1% using MSCs 
derived from BMA.11

Adverse Events and Safety Profile
Across studies, BMA presented lower morbidity. Reported ad-

verse events included: BMA: 1 radiculopathy, 1 superficial infection, 

2 hematomas; ICBG: 7 cases of donor‑site chronic pain, 2 neu-
romas, 1 wound infection. Among included RCTs, low back pain, 
radiculopathy, and surgical site infection accounted for 49% of all 
adverse events, regardless of treatment.3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17

García de Frutos et al.5 observed adverse events in 9% of BMA 
patients vs. 15% in ICBG patients. Neen et al.9 found higher donor‑site 
pain in ICBG patients (14%), whereas only one BMA patient exhibited 
a complication. Hart et al.12 reported a favorable safety profile for 
BMAC. Johnson et al.6 Niu et al.13 Yamada et al.3 and Odri et al.10 
reported no BMA‑related complications. Overall, BMA demonstrated 
lower morbidity, clinical viability, and a superior safety profile compared 
with ICBG, with no severe adverse events reported.3,4,5,9,10,11,12,13,16

DISCUSSION
This systematic review compiled high- and moderate-quality 

evidence regarding the use of Bone Marrow Aspirate (BMA) as an 
alternative to Iliac Crest Bone Graft (ICBG) in spinal arthrodesis. 

Figure 4. Clinical and methodological characteristics of selected studies – Part 1.

Figure 5. Clinical and methodological characteristics of selected studies – Part 2.
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Analysis of 14 studies — including randomized controlled trials, pro-
spective cohort studies, systematic reviews, and meta-analyses — 
demonstrates that BMA, particularly when combined with osteo-
conductive scaffolds, yields satisfactory clinical and radiographic 
outcomes, with a superior safety profile compared to ICBG.

Bone Fusion 
Fusion rates varied according to cellular concentration, graft type, 

and scaffold. Garcia et al.5 reported superior fusion with BMA + al-
lograft (77%; p < 0.05), and  Hart et al.12 observed 80% fusion at 24 
months. Gonzalez-Tartiere et al.14 demonstrated significantly higher 
fusion in the BMA + allograft group based on CT at 6 months (96% 
vs. 55%) and radiographs at 12 months (96% vs. 52%). Imam et al.17 
reported 95% fusion at 3 years using concentrated BMA + β‑TCP.

Conversely, Neen et al.9 and Niu13 found lower fusion rates when 
BMA was combined with Healos® or calcium sulfate, highlighting 
the importance of scaffold characteristics and preparation methods.

Hsieh et al.15 identified fusion rates ranging from 76.2%–100% 
in cervical procedures, increasing to 84%–100% when BMA was 
added. Khashan et al.7 highlight that the combination of BMA with 
osteoconductive scaffolds may outperform ICBG, although meth-
odological heterogeneity limits the strength of these conclusions.

BMA Combined with Different Scaffolds
BMA efficacy varied with scaffold osteoconductive properties. 

Higher‑quality trials such as Johnson et al. and Hart et al.12 reported 
similar fusion rates between BMA‑assisted grafts (86% and 80%) 
and ICBG (91% and 84%) (p > 0.05). In contrast, Niu observed lower 
fusion with calcium sulfate (45.5%).13 García de Frutos et al.5 dem-
onstrated superior fusion in 360° lumbar arthrodesis using BMA + 
allograft (71% vs. 51%), with significant differences at 6 months (83% 
vs. 46%) and a trend at 12 months.

Meta‑analyses support these findings. Gordon et al.8 observed 
BMA + allograft superiority in two RCTs. Feng et al.16 reported en-
hanced fusion with rhBMP‑2 + BMA (p < 0.001), and gains with 
allograft (p = 0.010) and hydroxyapatite + local bone when com-
bined with BMA.16 

Methodological variability limits definitive conclusions. Neverthe-
less, the available data indicate that BMA, particularly when com-
bined with appropriate scaffolds, may match or even surpass ICBG.

Radiographic Analysis and Follow‑up  
Radiographic evaluation lacked standardization across studies. 

CT demonstrated higher sensitivity than radiography, as noted by 
Gordon et al.8 and Feng et al.16 complicating comparisons. Fusion 
criteria also varied: Neen et al.9 emphasized trabecular continuity and 
segmental stability; Hart et al.12 accepted unilateral bridging bone. 
Hsieh et al.15 required intervertebral and peri‑implant trabeculae. 

Follow‑up duration influenced fusion detection. Hsieh et al.15 
compared groups with different follow‑up times (13 vs. 32 months), 
favoring longer follow-up. Garcia et al.5 and Hart et al.12 used 12‑ and 
24‑month follow-up periods.

 Another limitation involves imaging rater blinding: while Neen 
et al.9 and Johnson et al.6 used independent blinded evaluators, 
Odri et al.10 used the Arthrodese™ software. Feng et al.16 estimated 
predictive value below 70% for some radiographic methods, caution-
ing against overreliance on imaging alone, especially given asymp-
tomatic pseudarthroses. 

BMA Cell Concentration and Efficacy
Cell concentration appears to influence fusion outcomes. John-

son et al.6 reported a positive correlation between CD34+ cell count 
and lumbar fusion. García de Frutos et al.5 documented MSC ex-
pansion to 8.4 × 105 MSCs/cm³ with superior fusion (82% vs. 46%; 

Figure 6. Clinical and methodological characteristics of selected studies – Part 3.

Table 1. PEDro scale scores of included randomized clinical trials.
Author Year 1 2 3 4 5 6 7 8 9 10 11 PEDro

García de Frutos et al.5 (2020) + + + + - - + + + + - 7
Gonzalez-Tartiere et al.14 (2019) + + + + - - + + + + - 7

Johnson et al.6 (2014) + + - + - - + + - + + 6
Hart et al.12 (2014) + + + + - - + + - + -
Odri et al.10 (2012) + + - + - - - + - + + 5
Niu et al.13 (2009) + - - + - - + + - + + 5

Note: 1—Eligibility criteria; 2—Random allocation; 3—Concealed allocation; 4—Baseline comparability; 5—Blinding of subjects; 6—Blinding of therapists; 7—Blinding of assessors; 8—Adequate follow-up; 
9—Intention-to-treat analysis; 10—Between-group comparisons; 11—Point estimates and variability; + = criterion met; − = criterion not met (eligibility criteria do not contribute to the total PEDro score).



Page of 76

p = 0.0001). Hart et al.12 obtained 80% fusion using concentrated 
BMA (1.74 × 104 MSCs/L). Imam et al.17 confirmed the relationship 
between callus volume and BMA cell concentration (p = 0.01). 

However, Odri et al.10 found no significant difference between 
concentrated and non-concentrated BMA regarding fusion, although 
concentrated BMA produced slightly larger bone volume (117 mm³ 
vs. 99 mm³, p = 0.009. Ploumis et al.11 . reported 91.6% fusion with 
non-concentrated BMA but with longer consolidation time (11 vs. 
8 months; p < 0.05. Gordon et al.8 found non‑concentrated BMA 
comparable to ICBG.8 

The heterogeneity in BMA concentration protocols limited the 
scope of this review, as well as that of Hsieh et al.15 Moreover, BMA 
cellular concentration may vary among study participants according 
to age, harvesting site, volume, BMI, and smoking status, which 
further complicates standardization and analysis.1,2,3 

Clinical and Functional Outcomes 
The clinical and functional outcomes show a certain consistency, 

with improvements in pain and function after the use of BMA in spinal 
arthrodesis. Hsieh et al.15 reported significant improvements in pain 
(VAS) and functional recovery in 96% of patients, as well as relevant 
gains in the Nurick, JOA, and NDI scores. Hart et al.12 observed an 
88% reduction in ODI. Ploumis et al.11 reported significant improve-
ments in ODI and VAS in both the Healos® + BMA and the allograft + 
LBG groups (p < 0.05).

Neen et al.9 found higher LBOS, PSI, and Prolo scores for the 
ICBG group, although without statistical significance. Johnson et al.6 
also reported no differences between groups, likely due to the small 
sample size (24 patients). This hypothesis is supported by larger 
studies, which report favorable outcomes with BMA. Yamada et al.3 
demonstrated a 76.1% JOA recovery rate, while García de Frutos 
et al.5 observed significant improvements in VAS and ODI. Gonzalez-
Tar et al.14 reported early functional improvement and higher fusion 
rates in the BMA group (70.6% at 3 months and 67.7% at 6 months).

The anti-inflammatory effect of BMA1,2,3 may have contributed to 
reduced pain and improved function in the cited studies; however, 
methodological heterogeneity and inconsistent follow-up compro-
mise the strength of these findings.

BMA Application, Harvesting, and Processing Methods 
The heterogeneity in BMA harvesting, preparation, and applica-

tion techniques hindered consistent analysis and comparison across 
studies. Niu et al.13 applied 10 mL of non-concentrated BMA to 
autologous bone chips or CaSO4 granules, reporting fusion rates 
lower than those of ICBG (86% vs. 91%), although no cellularity 
analysis was performed.

Johnson et al.6 aspirated 100 mL of BMA and increased cel-
lularity fourfold through centrifugation. Neen et al.9 harvested 36 
mL of BMA using a Jamshidi needle, maximizing osteoprogenitor 
yield while minimizing dilution. García de Frutos et al.5 collected 150 
mL of BMA and expanded MSCs ex vivo, achieving a concentra-
tion of 1×106 MSCs/cm³ and superior fusion rates compared with 

(82% vs. 46%; p = 0.0001). Hart et al.¹² concentrated BMA, obtain-
ing 1.74×104 MSCs/L and an 80% fusion rate (p = 0.011).

The posterior iliac crest was the most common harvest site and 
was considered by Imam et al.17 to be more efficient than the anterior 
crest in terms of cell concentration. Data on vertebral BMA harvest 
are insufficient for valid comparisons.

Overall, techniques involving greater processing and higher 
cellular concentration tend to improve fusion outcomes in spinal 
arthrodesis; however, the lack of methodological uniformity and 
the limited number of robust studies restrict the strength of these 
conclusions. 5,6,9,10,11,12,13

Safety and Complications
Most studies reported lower morbidity with BMA. Johnson et al.6 

and Niu et al.13 did not report any relevant adverse events associated 
with BMA, whereas ICBG resulted in persistent pain (28%), hemato-
ma (9.5%), seroma (14.3%), infection (9.5%), and paresthesia (24%), 
according to the meta-analysis by Gordon et al.8 

Conversely, the meta-analysis by Feng et al.16 reported severe 
complications with rhBMP-2 + BMA, including heterotopic calcifi-
cation, osteolysis, and malignancy. Even so, ICBG exhibited the 
second-highest risk of adverse events (p = 0.030).

Neen et al.9 reported persistent donor-site pain in 14% of patients 
treated with ICBG, whereas only one patient in the BMAc group 
experienced mild, self-limited pain. Feng et al.16 Hart et al.12 and 
García de Frutos et al.5 indicated that BMA demonstrates compara-
ble or superior efficacy to ICBG, with a more favorable safety profile. 
However, the lack of methodological standardization underscores 
the need for more rigorous studies.

The limitations of this review include substantial methodological 
heterogeneity among the studies, which precluded performing a meta-
-analysis and creating funnel-plot assessments of publication bias. 
Additionally, the limited number of high-quality randomized clinical 
trials—and of studies specifically addressing cervical arthrodesis—
restricted the overall strength of the evidence. Finally, by restricting 
inclusion to Q1 journals in the SJR ranking, the review increased the ro-
bustness of selected studies but potentially introduced selection bias.

CONCLUSION
This systematic review demonstrates that BMA, particularly when 

combined with osteoconductive scaffolds, represents an effecti-
ve and safe alternative to ICBG in spinal arthrodesis. The findings 
indicate bone fusion rates that are comparable to or greater than 
those achieved with ICBG, significant clinical improvement in pain 
and functional scores, and a lower incidence of donor-site com-
plications. However, methodological heterogeneity across availa-
ble studies—including variations in BMA harvesting, preparation, 
and application protocols, as well as the lack of standardization 
in radiographic fusion criteria—limits the strength of these recom-
mendations. Although promising, the current body of evidence still 
requires multicenter randomized clinical trials with larger sample 
sizes, standardized techniques, and longer follow-up. 
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