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ORIGINAL RESEARCH
SPINE

Association between Type 1 Modic Changes and
Propionibacterium Acnes Infection in the Cervical Spine:

An Observational Study
X M.M. Georgy, X F. Vaida, X M. Stern, and X K. Murphy

ABSTRACT

BACKGROUND AND PURPOSE: Research on the association between Propionibacterium acnes in the disc space and type 1 Modic
changes in adjacent vertebrae is limited and has produced mixed results. The prevalence of bacteria in intervertebral discs contradicts the
prior understanding that skeletal areas in the human anatomy are sterile; yet it opens new treatment possibilities. We investigated the
relationship of P acnes and type 1 Modic changes in the cervical spine.

MATERIALS AND METHODS: Over a 36-month period, we collected intraoperative biopsies of patients undergoing a routine cervical
spine operation for degenerative disc diseases. The disc material was cultured aerobically and anaerobically for 7 days. All preoperative MR
images were evaluated for Modic changes by a board-certified neuroradiologist. Medical records were reviewed for other spine inter-
ventions before the operation.

RESULTS: The study population consisted of 48 patients. Of these, 14 patients tested positive for P acnes (29%) at �1 level. Additionally,
13 patients had type 1 Modic changes (27%) at �1 level; 54% (95% CI, 27%– 84%) of patients who had type 1 Modic changes were also positive
for P acnes compared with 20% (95% CI, 7%–33%) of patients without type 1 Modic changes. The difference between these proportions
was 34% (95% CI, 4%– 64%). The Fisher exact test produced a P value of .03 for the association between P acnes and MC1, and .53 for the
association between P acnes and prior procedures.

CONCLUSIONS: We conclude that P acnes was prevalent in the degenerated cervical spine and that type 1 Modic changes were
predictive of a culture positive for P acnes. We also found that the prevalence of P acnes was not associated with previous interventions.
If these results are validated by future studies, they could have a major impact on the standard of care for back and neck pain.

ABBREVIATION: MC1 � type 1 Modic changes

During the past few years, several peer-reviewed publications

concerning the correlation between type 1 Modic changes

(MC1) on MR imaging and Propionibacterium acnes in the lum-

bar spine have produced polarized results. In 2013, Albert et al1

performed a preoperative biopsy along with baseline and fol-

low-up MR imaging for 61 patients planning to undergo a pri-

mary operation at a single level in the lumbar spine. Of the 61

patients, 43% had cultures positive for anaerobic bacteria, pri-

marily P acnes. Of these positive discs, 80% developed new Modic

changes.

Shortly after, the same group published a double-blind ran-

domized controlled trial investigating the efficacy of antibiotic

treatment for patients with chronic low back pain and MC1. A

total of 162 patients were randomized into 4 groups: Forty-five

were given 1-dose antibiotics, 45 were given double-dose antibi-

otics, 36 were given a 1-dose placebo, and 36 were given a double-

dose placebo. The antibiotics used were a combination of 500 mg

amoxicillin and 125 mg clavulanate acid under the brand name

Bioclavid. The primary outcome measure was the disease-specific

Roland-Morris Disability Questionnaire, used for its ability to

capture short-term changes in back pain. At 1-year follow-up, the

mean Roland-Morris Disability Questionnaire score of the treat-
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ment group dropped to 7 from 15, while the mean score of the

control group dropped to 14 from 15. The differences in the

scores produced a P value �.001. Although a trend toward a dose-

response relationship was apparent, the relationship was not sta-

tistically significant. The authors concluded that Bioclavid could

be considered a treatment option for a specific group of patients

with chronic low back pain and MC1.2

In 2015 however, Rigal et al3 published a prospective study in

which they took disc biopsies from 313 patients undergoing L4 –

L5/L5–S1 fusion or disc prosthesis surgery. Arguing that a poste-

rior approach has a high risk of contamination, they used an

anterior retroperitoneal approach. They took intraoperative bi-

opsies of 385 discs, 303 of which demonstrated MC1 on preoper-

ative MR imaging. The biopsies were cultured for 4 weeks and

subjected to histopathologic analysis. With 98.4% of all biopsies

found sterile, only 6 cultures were positive, 2 of which were P acnes

and proposed as contamination. In addition, postoperative mon-

itoring at 1 year did not indicate any infection. The authors con-

cluded that no correlation existed between infection and disc

degeneration.3

Despite the relative abundance of studies focused on the rela-

tion of P acnes and MC1 in the lower back, there are very few

regarding the same topic in the neck. Hence, we took the initiative

to develop an observational study of this relationship in the cer-

vical spine.

MATERIALS AND METHODS
This was an observational study with approval from an institu-

tional review board and run through a neurosurgery private prac-

tice operating in Tri-City and Palomar Medical Centers. During a

36-month period, 48 patients with 80 discs that were undergoing

anterior/posterior cervical fusion, disc replacement, or discec-

tomy were enrolled.

The study population comprised 24 women and 24 men, with

an average age of 55 years and an age range of 18 – 87 years. MR

imaging protocol included T1- and T2-weighted sagittal, T2-

weighted axial, and gradient-echo axial imaging, and 40/48 pa-

tients also had STIR sagittal imaging. Patients underwent MR

imaging, on average, 3 months before the procedure with a range

of 1–10 months. All preoperative MR images were blindly evalu-

ated for the presence, type, and levels of Modic changes by a

board-certified neuroradiologist. In addition, discs were checked

for narrowing, dissection, and bulges.

All biopsies were performed during open surgery with sterile

pituitary rongeurs, and the cultures were carefully transported to

the laboratory. The tissues were then ground and placed on a

series of anaerobic and aerobic plates. The anaerobic plates used

were the following: Brucella K1, Bacteroides Bile-Esculin, and

Laked Blood with Kanamycin and Vancomycin. Aerobic incuba-

tion in CO2 was accomplished with the following plates manufac-

tured by Becton Dickinson: Columbia Agar with 5% Sheep Blood,

Chocolate Agar, CNA Agar, and MacConkey Agar. Propionibac-

terium can take relatively longer to grow, so the cultures were

incubated for up to 7 days.

Last, the medical records of all patients were checked for

any interventions performed before enrollment, such as ste-

roid injections or other operations. Sufficient information was

found to confirm prior intervention status for 47 of the 48

enrolled patients.

SPSS Statistics, Version 24 (IBM, Armonk, New York) was

used to record the data as well as perform the statistical analysis.

All P values reported in this article were generated with the Fisher

exact test.

RESULTS
At the end of the study period, enrollment totaled 48 patients

with 80 discs. The most common levels of the cervical spine

that received treatment were the C3– 4, C4 –5, and C5– 6 disc

spaces. The types of operations each participant underwent

were split as follows: Thirty-two had anterior fusion only, 9

had disc replacement only, 3 had anterior fusion and disc re-

placement, 3 had anterior and posterior fusion, and 1 had a

discectomy.

Of the 48 patients, 14 were biopsy-positive for P acnes (29%) at

�1 level. In addition, 13 of the 48 patients had MC1 (27%) at �1

level (Figs 1 and 2). The remaining 35 patients had either type 2

Modic changes, mixed types, or none. Of the patients with MC1,

FIG 1. A 59-year-old male patient with neck pain who underwent
discectomy at C5–C6 and was biopsy-positive for P acnes. Preoper-
ative sagittal MR imaging (T1- and T2-weighted) shows MC1 and evi-
dence of myelopathy at C5–C6.

FIG 2. A 49-year-old male patient who underwent anterior fusion at
C5–C6 and C6 –C7 and was biopsy-positive for P acnes at both levels.
Preoperative sagittal MR imaging (T1- and T2-weighted) shows disc
bulges at C5–C6 and C6 –C7 with no evidence of MC1.
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54% were positive for P acnes, compared with 20% of those with-

out MC1; 16% were positive for Staphylococcus epidermis, and

these findings were considered a contamination. Patients with

MC1 were significantly more likely to test positive for P acnes than

patients without MC1 (P � .03) (Table). Thirty of the 47 patients

with an accessible medical history had no intervention before

study enrollment (64%), while the remaining 17 had a spinal in-

jection, an operation, or both. Participants with a prior procedure

were no more likely than patients without a prior procedure to

test positive for P acnes (P � .53). Therefore, the prevalence of P

acnes was unlikely to have been linked to contamination from

prior procedures.

DISCUSSION
de Roos et al4 first identified bone marrow signaling changes in

MR imaging of vertebrae adjacent to degenerative discs in 1987.

These signal anomalies were attributed to degenerative disc dis-

ease rather than an infection or tumor. The following year, Modic

et al5,6 formally classified the signaling changes into 3 types, and

MC1 is the most relevant to this study. Modic hypothesized that

the signal intensity changes seen on MR imaging were not alone a

causal pathologic process but rather a reflection of one, such as

biomechanical stress or instability.7 He found MC1 to be associ-

ated with disruption and fissuring of endplates and the formation

of fibrovascular granulation tissue, which correspond to the in-

flammatory stage of degenerative disc disease and indicate an on-

going active process.5,6 Later research by Kjaer et al8 suggested

that Modic changes constituted the crucial element in the degen-

erative process around the disc with regard to low back pain. They

demonstrated that patients presenting with degenerative disc dis-

eases and Modic changes together were more likely to have clini-

cal symptoms than patients with degenerative disc diseases alone.

Further, Toyone et al9 investigated the 3 types of Modic changes

to determine whether 1 specific type was more strongly associated

with low back pain than the others. They observed that 73% of

patients with MC1 had low back pain, compared with 11% of

patients with type 2 Modic changes.

P acnes is an anaerobic, Gram-positive, rod-shaped bacterium

that resides on the human skin, oral cavity, intestinal tract, and

external ear canal as normal flora.10 In bone and joint infections,

P acnes is the most frequently isolated anaerobic microbe and has

a strong correlation with vertebral osteomyelitis.11 Multiple re-

cent publications have proposed that P acnes is not only prevalent

within spinal discs but may also play a pathogenic role in disc

degeneration.

In this study, P acnes was isolated from 14/48 (29%) cultures

taken intraoperatively from the cervical spine. Similarly, Javanshir et

al12 reported a prevalence of 9/25 (36%) for P acnes in disc mate-

rial excised from the cervical spine. In the lumbar spine, at least 12

independent studies have reported a prevalence of P acnes be-

tween 2% and 44%.13-15

Still, many authors have raised concerns that positive cultures

are likely due to contamination. Their arguments include the fol-

lowing: biopsy needles may be exposed to skin flora, an anterior

approach is considered more sterile, and contamination may have

occurred during prior operations or injections.3,16 In this inves-

tigation, all biopsies were performed intraoperatively with an an-

terior approach, and no significant association was found be-

tween a prior procedure and the presence of P acnes. Further,

Lambert et al17 and Czaplewski18 challenged the findings of Rigal

et al3 mentioned above, stating that P acnes could not have been

efficiently recovered because incubation was only performed in

aerobic conditions.17,18

The other part of this study concerned the relationship be-

tween P acnes in the disc space and MC1 in the adjacent vertebrae.

We found that patients with MC1 were significantly more likely to

produce a culture positive for P acnes (P � .03). This association

could be indicative of pathogenic activity by P acnes, though ad-

ditional experiments, such as with an animal model, are required.

Other investigators have hypothesized the mechanisms by which

P acnes may be instigating disc degeneration. In 2018, Yazhou et

al19 published an article in Emerging Microbes & Infections that

demonstrated P acnes promoting apoptosis of nucleus pulposus

cells within an animal model. Also, Zamora et al20 found that

injecting P acnes into rat tail discs increased degeneration but did

not result in new Modic changes.

This study has limitations. First, this was an observational

study with a relatively small number of patients. Second, it lacked

accurate reporting of patient pain scores and functional status

before and after the operation. This information would have been

useful to determine whether the presence of P acnes in the disc had

an association with increased pain reported by each patient. How-

ever, the primary goal was to investigate the prevalence of P acnes

in the cervical spine and its relationship with MC1, considering

the uncertainty stemming from 2-sided evidence in the recent

literature. Third, there was potential bias in MR imaging grading

because 1 neuroradiologist read the images. Last, in comparison

with most other publications involving the detection of P acnes in

the spine, this study did not include sophisticated methods such

as polymerase chain reaction.

CONCLUSIONS
The volume of academic commentary surrounding the preva-

lence of P acnes in the disc space of the spine and its possible

pathogenicity has increased dramatically in recent years. If the

findings of this article are replicated, there is the possibility of

novel treatments for spinal pain. Therefore, the devotion of re-

sources to further investigation in this area is justified.
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Fisher’s exact test results
P acnes and MC1

48 patients, 24 women and 24 men, average age of 55 years
14/48 patients had P acnes
13/48 patients had MC1, 54% of which had P acnes

(95% CI, 27%–84%)
P value � .03
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