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Response/Recommendation: There is growing evidence supporting the presence of 

Cutibacterium acnes (C. acnes) and various other bacteria in discs with Modic changes, as 

demonstrated through culture, polymerase chain reaction (PCR), and next-generation 

sequencing. Additionally, studies indicate that patients with Modic changes experience higher 

pain levels, increased incidence of night pain, and more frequent and prolonged pain 

episodes. Radiological findings further suggest a possible infective etiology. In patients with 

Modic changes, endplate alterations resembled those seen in infections rather than trauma. 

Moreover, discs exhibiting Modic changes have been associated with a higher incidence of 

postoperative infections. While a definitive causal relationship has yet to be fully established, 

current literature increasingly supports the hypothesis that subclinical infection may 

contribute to the development of Modic changes. 

  

Level of Evidence: Low to Moderate  

Delegate Vote:  

Rationale:  

A systematic review was conducted to analyze whether modic changes indicate primary 

endplate infection. PubMed, Web of Science, and Scopus were searched. We excluded 

publications in non-English languages, case reports, and review articles. Initial database 

screening resulted in 2,870 articles, which, after duplicate removal, led to 2,269 articles 

subjected to title and abstract screening. We shortlisted articles for full-text screening from 

the 2,269 articles and included the 32 articles that met the inclusion criteria in the review.   

Modic changes (MCs) are distinct MRI signal alterations in the vertebral endplates and 

adjacent bone marrow associated with degenerative disc disease (1) and chronic back pain (2). 

Modic changes (MCs) can arise from two mechanisms: Mechanical: Disc degeneration 

causes endplate microfractures, which can lead to edema, inflammation, or toxicity from 

nucleus pulposus leakage, and Infective: Anaerobic bacteria like Propionibacterium acnes 

from a herniated disc may cause localized infection and inflammation in adjacent bone (MC 

Type 1), increasing after disc herniation (3). MCs are classified into three types: MC1 (edema 

and inflammation), MC2 (fatty infiltration), and MC3 (sclerosis) (4). They are linked to 

chronic lower back pain (LBP) but can also occur in people without LBP. MCs are 

considered an independent risk factor for LBP (5). MCs have a genetic component, with 

heritability estimated at 30% (6). Over time, MCs are recognized as important markers for 

spinal pathology, reflecting underlying degenerative changes and potential infectious factors. 

 

1. Prevalence of Infection in MCs 

Stirling's study found bacterial DNA in 53% of discectomy samples, predominantly 

Cutibacterium acnes (83%), suggesting a link between infection and Modic changes (MCs) 

(7). Fritzell et al. found bacterial DNA in painful, degenerated spinal discs of patients without 

signs of clinical infection, indicating a potential underlying bacterial component in disc 

degeneration (8). In a study by Agarwal et al., bacterial cultures from excised intervertebral 



discs of immunocompetent patients undergoing lumbar microdiscectomy showed bacterial 

growth, potentially indicating an infectious role in disc degeneration (9). Chen et al.'s 

prospective study identified low-virulence bacterial infections in cervical intervertebral discs, 

supporting the idea that low-virulence bacterial infections could contribute to disc 

degeneration (10). Salehpour et al. demonstrated the presence of Propionibacterium acnes in 

disc material and examined its antibiotic susceptibility in patients with lumbar disc 

herniation, emphasizing the possible infectious role of P. acnes in disc pathology (11). Georgy 

et al. reported that 54% of MC1 cervical biopsy samples were positive for C. acnes, 

compared to 20% in non-MC1 samples (12). Aghazadeh and colleagues noted that 80% of 

MC samples were positive for C. acnes, while only 14% of MC-free samples were positive 

(13). Yuan and co-workers found 12 out of 15 (80%) of C. acnes positive cultures were from 

MC participants (14). Tang and colleagues reported that 26 out of 80 (33%) herniation 

samples were positive for bacteria using PCR, with one positive sample excluded from 

subsequent analysis. This analysis revealed that 15 out of 25 (60%) patients with disc bacteria 

had MC (15). One longitudinal study showed that bacterial proliferation precedes the 

development of MC1. Among 28 out of 61 (46%) herniation surgery patients who were 

positive for microorganisms, 80% developed new MC1 within 12 to 24 months (16). Among 

37 patients in a study by Najafi et al., 62.2% tested positive for P. acnes using PCR, 

suggesting that lumbar disc infection with this anaerobic bacterium may contribute to the 

development and progression of Modic changes in LBP patients (17).  Albert et al found that 

46% of patients had positive microbial cultures, with anaerobic bacteria found in 43%. 

Infected discs with anaerobic bacteria were significantly more likely to develop MCs in 

adjacent vertebrae (80%) than those with aerobic bacteria (44%) or negative cultures (3). 

Certain other prospective studies in the recent literature have questioned the alleged 

association between infection and degenerative changes, providing only moderate support to 

the disc infection hypothesis in the pathology of MC. The study found a similar prevalence of 

Cutibacterium acnes in degenerated and non-degenerated discs, likely due to contamination, 

with no association between bacterial findings and Modic changes (18-20). Antibiotic 

treatment for lumbar disc herniation without clear signs of infection should be reconsidered. 

While some studies support a bacterial association, others found no consistent link, indicating 

variability in the infectious etiology of MCs. 

2. Mechanical and Degenerative Factors 

MCs are thought to arise from mechanical stress resulting from disc herniation and 

degeneration, leading to endplate micro-fractures and inflammation. Toxic nucleus tissue or 

irritating substances may penetrate the vertebrae, triggering autoimmune responses. The 

mechanical theory is bolstered by histological findings and the resolution of MC type 1 with 

stabilization, although inconsistencies such as paradisial patterns and posterior endplate 

involvement challenge the trauma theory (21-24). The trauma theory regarding MCs  is 

questioned as it does not adequately explain paradisial patterns, posterior endplate 

involvement, and changes in subchondral bone. Studies utilizing multimodal imaging have 

identified endplate CT changes characteristic of infective changes. The Endplate Infection 

Probability Score (EIPS) by Rajaseakarn et al effectively differentiates infectious and 

traumatic endplate changes, demonstrating that 67.64% of MC cases exhibit infection-like 

characteristics. This study supports the reconsideration of MC as a possible manifestation of 

‘Primary Endplatitis’, warranting a shift in diagnostic and therapeutic approaches.(25). 

3. Inflammation 

Studies on MCs reveal molecular mechanisms indicating significant inflammation. Proteomic 

analysis demonstrated the downregulation of extracellular matrix components and the 



upregulation of inflammatory molecules such as PLG, ANG, FGFBP2, and FTL. A total of 50 

proteins, including 14 unique to MCs, were associated with host defence responses, with 

glutamic acid also linked to MCs. These findings suggest that MCs may involve immune 

activation and infectious causes (26-28). 

4. Role of C. acnes and Other Bacteria  

C. acnes is often linked to MCs but is not universally present. Its role might depend on disc 

degeneration, creating a favorable colonization environment. In their study, Rajasekaran et al. 

detected 424 bacterial species with distinct biodiversity in normal, degenerated, and herniated 

discs. Propionibacterium acnes was present but not predominant, as other pathogens were 

more abundant in all groups. Evidence suggests a gut/skin/spine microbiome axis and 

emphasizes "dysbiosis" as a potential cause of disc degeneration (29). 

5. Clinical Implications 

MCs, particularly MC1, are associated with chronic pain and inflammation.  

Studies like Albert et al. (30) and Jensen et al. (31) have demonstrated strong associations 

between MC and the severity, frequency, and chronicity of back pain. 

Subjects with MCs experienced more frequent and severe low back pain (LBP), with a higher 

severity of episodes and prolonged LBP linked to MC location and number. Regression 

models showed MCs were independently associated with prolonged severe LBP (31). 

Albert et al. conducted a study examining the role of antibiotics in treating Modic Type 1 

changes (MC1) linked to chronic low back pain. In their randomized controlled trial, they 

provided a 100-day course of amoxicillin-clavulanate to patients with MC1. The results 

indicated significant reductions in pain and disability in the antibiotic group compared to the 

placebo, suggesting that low-grade bacterial infections may contribute to MC1-related 

symptoms (32). However, concerns arose regarding study bias, conflicting findings, and the 

risks associated with long-term antibiotic use. A recent Norwegian study refuted this method, 

strongly advising against using antibiotics for MC. (34) Modic changes (MC), particularly 

type I and grade C, are related to higher rates of postoperative surgical site infections (SSI) 

following posterior lumbar fusion surgery. The findings propose that MC may be a potential 

risk factor for SSI (35). The ratio of Modic changes (MC) to the Total Endplate Score (TEPS) 

is an independent risk factor for surgical site infections (SSI) after lumbar spine surgery. An 

MC area ratio exceeding 24.62% significantly raises the risk of SSI. (36) Modic Type 1 

changes pose a significant risk for postoperative pyogenic discitis following lumbar 

laminectomy without discectomy. Patients with Modic Type 1 should be monitored closely to 

prevent discitis. (37) Rajasekaran et al. discovered that the presence of preoperative Modic 

changes (MC) and a TEPS exceeding 6 are independent risk factors for postoperative surgical 

site infections (SSI). The study implies that MC may indicate chronic subclinical infection 

rather than mere degeneration (38). 
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Summary Table: Modic Changes and Infection Hypothesis 

Study Key Findings Strengths Limitations 

Stirling et al. 

[7] 

Identified Propionibacterium acnes in 

disc samples from patients with sciatica, 

suggesting a bacterial association. 

Clear bacterial 

association. 

Small sample size 

(n=36). 

Fritzell et al. 

[8] 

Found bacterial DNA in degenerated 

discs without clinical infection signs, 

indicating detection without establishing 

causation. 

Detection without 

clinical signs. 

No causation 

established. 

Agarwal et 

al. [9] 

Conducted bacterial cultures from 

intervertebral discs, indicating a 

potential infectious role. 

Direct bacterial 

culture evidence. 

Limited sample 

size (n=25). 

Chen et al. 

[10] 

Reported low-virulence bacterial 

infections in cervical discs linked to 

degeneration, based on a prospective 

design focusing on cervical discs. 

Prospective 

design. 

Focus on cervical 

discs only. 

Salehpour et 

al. [11] 

Identified C. acnes in herniated discs, 

emphasizing antibiotic susceptibility, 

but did not establish causation. 

Antibiotic 

relevance 

highlighted. 

Does not establish 

causation. 

Georgy et al. 

[12] 

Detected C. acnes in 54% of MC1 

cervical samples compared to 20% non-

MC1, focusing on cervical samples. 

Focus on cervical 

samples. 

Limited to cervical 

samples. 

Aghazadeh 

et al. [13] 

Found 80% of MC samples positive for 

C. acnes; only 14% non-MC positive, 

indicating a strong bacterial association 

but focusing on one bacterium. 

Strong bacterial 

association. 

Focus on one 

bacterium. 

Yuan et al. 

[14] 

Reported 80% of cultures from MC 

participants positive for C. acnes, with a 

high association rate but a small sample 

size. 

High association 

rate with MC. 

Small sample size 

(n=20). 

Tang et al. 

[15] 

Found 33% of herniated disc samples 

positive for bacteria, with 60% having 

MC, providing longitudinal evidence 

but with possible PCR contamination. 

Longitudinal 

evidence of 

bacterial role. 

Possible 

contamination in 

PCR. 

Najafi et al. 

[17] 

Reported 62.2% of lumbar disc biopsies 

positive for P. acnes via PCR, providing 

molecular evidence without establishing 

direct causation. 

Molecular 

evidence with 

PCR. 

No direct causation 

established. 

Albert et al. 

[3] 
Found 46% of microbial cultures 

positive, linking anaerobic bacteria to 

Randomized 

controlled trial. 

Methodological 

concerns. 



Study Key Findings Strengths Limitations 

MC development, based on a 

randomized controlled trial with 

methodological concerns. 

Ahmed-

Yahia et al. 

[18] 

Found no consistent association 

between C. acnes and MC, suggesting 

contamination, addressing 

contamination but failing to confirm 

causation. 

Addresses 

contamination. 

Fails to confirm 

causation. 

Rigal et al. 

[19] 

Found no association between Modic 1 

changes and low-grade infection, 

challenging the infectious hypothesis 

but failing to confirm causation. 

Challenges 

infectious 

hypothesis. 

Fails to confirm 

causation. 

Fritzell et al. 

[20] 

Found no clear bacterial link between 

Modic changes and degenerative 

pathology, based on a multicenter 

comparison with confounding factors 

not fully addressed. 

Multicenter 

comparison. 

Confounding 

factors not fully 

addressed. 

 

 


