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Abstract
Study design  A prospective cross-sectional case series study.
Objective  To investigate the prevalence of low virulence disc infection and its associations with characteristics of patients 
or discs in the cervical spine.
Background  Low virulence bacterial infections could be a possible cause of intervertebral disc degeneration and/or back 
pain. Controversies are continuing over whether these bacteria, predominantly Propionibacterium acnes (P. acnes), repre-
sent infection or contamination. However, the current studies mainly focus on the lumbar spine, with very limited data on 
the cervical spine.
Methods  Thirty-two patients (20 men and 12 women) who underwent anterior cervical fusion for degenerative cervical 
spondylosis or traumatic cervical cord injury were enrolled. Radiological assessments included X-ray, CT, and MRI of the 
cervical spine. Endplate Modic changes, intervertebral range of motion, and disc herniation type were evaluated. Disc and 
muscle tissues were collected under strict sterile conditions. Samples were enriched in tryptone soy broth and subcultured 
under anaerobic conditions, followed by identification of the resulting colonies by the PCR method.
Results  Sixty-six intervertebral discs were excised from thirty-two patients. Positive disc cultures were noted in eight patients 
(25%) and in nine discs (13.6%). The muscle biopsy (control) cultures were negative in 28 patients and positive in 4 patients 
(12.5%); three of whom had a negative disc culture. Seven discs (10.6%) were positive for coagulase-negative Staphylococci 
(CNS) and two discs were positive for P. acnes (3.0%). A younger patient age and the extrusion or sequestration type of disc 
herniation, which represented a complete annulus fibrous failure, were associated with positive disc culture.
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Conclusions  Our data show that CNS is more prevalent than P. acnes in degenerative cervical discs. The infection route in 
cervical discs may be predominantly through an annulus fissure. Correlation between these infections and clinical symptoms 
is uncertain; therefore, their clinical significance needs to be investigated in the future.

Graphical abstract  These slides can be retrieved under Electronic Supplementary Material.
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Table 3 Demographic and clinical characteristics of patients with and without positive 
disc culture

Parameters

Disc cultures

Total P-valuePositive Negative

Gender 0.204

Male 7(35%) 13(65%) 20(100%)

Female 1(8.3%) 11(91.7%) 12(100%)

Age(yrs) 49.8 13.3 60.5 10.9 57.8 12.3 0.030

Symptom 0.602

Radiculopathy 3(33.3%) 6(66.7%) 9(100%)

Myelopathy 5(23.8%) 16(76.2%) 21(100%)

Spinal cord injury 0 2(100%) 2(100%)

Trauma 0 4(100%) 4(100%) 0.550

Smoker 5(38.5%) 8(61.5%) 13(100%) 0.219

VAS 3.4 2.1 2.8 2.1 0.478

Modic changes* 5(23.8%) 16(76.2%) 21(100%) 0.786

No. of operated 
levels

0.546

1 3(37.5%) 5(62.5%) 8(100%)

2 4(23.5%) 13(76.5%) 17(100%)

3 0 4(100%) 4(100%)

4 1(33.3%) 2(66.7%) 3(100%)

Muscle cultures 1.000

Positive 1(25%) 3(75%) 4(100%)

Negative 7(25%) 21(75%) 28(100%)

*Modic changes could not be evaluated for one patient because his MRI was not 
available

Table 4 Clinical and imaging characteristics of discs with and without positive disc 
culture

parameters

Disc cultures

Total P-valuePositive Negative

Spinal level 0.366

C3/4 3(30%) 7(70%) 10(100%)

C4/5 3(15%) 17(85%) 20(100%)

C5/6 2(8%) 23(92%) 25(100%)

C6/7 1(9.1%) 10(90.9%) 11(100%)

Modic changes* 0.466

Nil 5(14.3%) 30(85.7%) 35(100%)

Type 1 3(33.3%) 6(66.7%) 9(100%)

Type 2 1(5.6%) 17(94.4%) 18(100%)

Type 3 0 1(100%) 1(100%)

Mixed type 2/3 0 2(100%) 2(100%)

Type of herniation* 0.031

Bulge/Protrusion 1(3.3%) 29(96.7%) 30(100%)

Extrusion/Sequestratio
n

8(22.9%) 27(77.1%) 35(100%)

Cord high signal 
intensity*

0.810 

Nil 5(16.1%) 26(83.9%) 31(100%)

Yes 4(11.8%) 30(88.2%) 34(100%)

Segment ROM( ) 9.0 4.4 7.4 4.4 7.6 4.3 0.396

* Modic changes, type of herniation and cord high signal intensity could not be 
evaluated for one patient because his MRI was not available.
** ROM, range of motion. ROM was measured for 52 segments in 25 patients 
because flexion-extension X-ray of cervical spine was not taken for the rest of 
patients.

Take Home Messages

1. 13.6% low virulence infection rates in degenerative cervical discs, 
with CNS being more prevalent than P. Acnes.

2. The infection is associated with complete annulus tear, and is more 
common in younger patients.

3. There is no correlation confirmed between the infections and 
clinical symptoms.

Keywords  Disc degeneration · Disc infections · Cervical spine · Staphylococcus · Propionibacterium

Introduction

Since Stirling et al. [1] first reported the presence of low 
virulent Gram-positive anaerobic bacteria in the disc tissue 
of patients with severe sciatica, the hypothesis that infection 
might be one of the causes of intervertebral disc degenera-
tion [2–6] and back pain [1, 5, 7, 8] has gained increasing 
attention as well as ongoing controversy [8–12]. The detec-
tion of these bacteria in disc tissues was very common, 
though the prevalence varied from 1.6 to 82% [1–6, 9–11, 
13–18]. Among the pathogens isolated from the disc tissues, 
Propionibacterium acnes (P. acnes), a slow-growing anaero-
bic bacteria associated with the skin condition of acne, was 
the most common, followed by coagulase-negative Staphy-
lococci (CNS) [1–6, 13–18].

Despite controversies over whether these positive cultures 
represent true infection or contamination [9, 11, 12], many 
researchers found that their presence was correlated to disc-
related factors such as low back pain or sciatica [1, 5, 7, 8, 
18], annulus fibrous (AF) tears [15], and Modic changes 
(MCs) [3, 16], indicating that there might be some unknown 
link between these pathogens and disc degeneration. How-
ever, most of these studies were conducted on the lumbar 
spine only. Whether this link exists in the cervical spine and 
whether the pathogen spectrum in the cervical spine is dif-
ferent from the lumbar spine is uncertain.

Studies reporting the prevalence of low virulence disc 
infection in the cervical spine are very rare. Only two stud-
ies reported it in their subgroup of cervical spine degen-
eration [5, 14], and neither of them investigated associa-
tions between low virulence cervical disc infection and 
characteristics of patients or discs. For this purpose, we 
selected patients who underwent anterior cervical fusion 

for degenerative cervical spondylosis or traumatic cervical 
cord injury in the present study, which was the largest case 
series to date concerning cervical disc infections.

Methods

Patients

Between October 2016 and June 2017, 35 patients (22 men 
and 13 women) underwent anterior cervical discectomy and 
fusion (ACDF) or anterior cervical corpectomy and fusion 
(ACCF) in our institution due to degenerative cervical spon-
dylosis or traumatic cervical cord injury. Patients without 
trauma presented with neck and shoulder pain, radiculopathy 
and/or myelopathy for 2–6 months, and failed to respond to 
conservative treatment for at least 2 months. Other patients 
with trauma presented with myelopathy or spinal cord 
injury. Exclusion criteria were: tumor, global cervical spine 
deformity, clinical infection, revision surgery, and receiving 
any antibiotics up to 1 month before surgery. 32 patients (20 
men and 12 women) were finally included, with an average 
age of 57.8 ± 12.3 years (range 35–77 years).

Radiological assessment

A standard cervical X-ray series was obtained for all patients 
before surgery, including anterior–posterior, lateral, and 
flexion and extension views. Also obtained were comput-
erized tomography (CT) and magnetic resonance imaging 
(MRI). MCs were evaluated on sagittal T1-weighted and 
T2-weighted images on MRI. Two observers (Z.F.D., a sen-
ior spine surgeon, and R.H., a senior radiologist) classified 
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the MCs independently on sagittal MR images according to 
the definitions of Modic et al. [19, 20].

Intervertebral range of motion (ROM) was measured 
from C2–3 to C6–7. It was defined as the difference of angle 
between two endplates of each intervertebral disc from flex-
ion to extension on X-ray.

Disc herniation was classified as one of the four stages: 
disc bulge which consisted of a diffuse or broad-based disc 
protrusion; disc protrusion which was identified as a focal 
herniation with the outer AF intact; disc extrusion which was 
a focal herniation with the outer AF torn; and disc seques-
tration which was identified as an intra-canal herniation of 
nucleus pulposus totally separated from nucleus in situ.

Tissue collection

Patients were placed in a supine position with the head 
slightly elevated. Strict sterile protocols were followed to 
avoid skin contamination. Skin overlying the surgical area 
was sterilized three times with povidone iodine, dried with 
sterile gauze, and covered with a plastic adhesive drape (3M 
Health Care, St. Paul, MN, USA). Surgery was performed 
via a right-sided anterior approach. Either a transverse or a 
longitudinal incision was made, depending on the number 
of motion segments to be fused. Dissection was carried out 
down to the anterior aspect of the cervical spine between 
the carotid sheath and the visceral sheath. The intervertebral 
disc tissues were removed, and a small piece of sternocleido-
mastoid muscle (which served to identify contamination dur-
ing surgery) was also collected. Disc and muscle samples 
were cut into small pieces for culture.

Bacteria culture of surgical specimens

Each surgical specimen was added into a tube with 10 ml 
tryptone soy broth and incubated in a sealed anaerobic bag 
at 37 °C for 14 days. The pure culture medium without tissue 
was incubated in the same conditions as a negative control. 
The broth was then subcultured onto blood agar plates, incu-
bated at 37 °C under anaerobic conditions for 7 days, and 
inspected for microbial growth. A single colony of samples 
with positive culture result was selected and investigated by 
Gram staining and identified by polymerase chain reaction 
(PCR) method. DNA was extracted from single presump-
tive colonies with ZymoBead Genomic DNA Kit (Zymo 
Research). Broad range universal bacterial primers were 
used to amplify bacterial 16S rDNA: forward primer 27F 
AGA​GTT​TGA​TCC​TGG​CTC​AG and reverse primer 1492R 
GGT​TAC​CTT​GTT​ACG​ACT​T. A negative control using 
sterile water as template was included. The PCR protocol 
was used as follows: initial 94 °C denature for 2 min; 35 
cycles of 94 °C denature for 30 s, 55 °C annealing for 30 s, 

and 72 °C extension for 30 s; 72 °C extension for 2 min; 
4 °C hold.

Statistical analysis

Raw data are expressed as mean ± standard deviation. Two-
sample Student’s t tests and Fisher’s exact tests were per-
formed to identify differences in means and in proportions, 
respectively, between positive culture and negative culture 
groups. P value < 0.05 was considered statistically signifi-
cant. Statistical analysis was performed using SPSS version 
20.0 (Chicago, IL, USA).

Results

A total of 32 patients were enrolled, including 20 males 
and 12 females with a mean age of 57.8 ± 12.3 years (range 
35–77 years). Of 28 patients who had degenerative cervical 
spondylosis, 9 patients presented with radiculopathy and 19 
patients presented with myelopathy. Four patients had a his-
tory of acute cervical trauma prior to the onset of symptoms. 
One patient fell from height. One fell from sitting place. The 
other two fell down when riding a bicycle. Two patients 
presented with myelopathy, one with incomplete spinal 
cord injury and the other with complete cord injury. None 
of the trauma patients reported symptoms of radiculopathy 
or myelopathy prior to their injuries. The mean age was 
56.2 ± 12.2 years for degenerative patients and 68.7 ± 5.4 for 
trauma patients (P = 0.055). The mean visual analogue scale 
(VAS) for neck pain was 2.9 ± 2.1. One patient (3.1%) had 
diabetes and 13 (40.6%) patients were smokers. No patients 
received epidural or facet joint injections. MCs were pre-
sent in 21 of 31 (67.7%) patients, with one trauma patient’s 
MRI being unavailable. 31 patients (96.9%) received ACDF, 
among whom 8 patients (25%) received single-level ACDF, 
and 23 (71.9%) patients received multiple-level ACDF. One 
patient received combined ACDF and ACCF. The demo-
graphic and clinical characteristics of patients are presented 
in Table 1.

A total of 66 intervertebral discs were excised. C5/6 was 
the most common spinal level being operated on (37.9% of 
all fused discs), followed by C4/5 (30.3%), C6/7 (16.7%), 
and C3/4 (15.2%). The MRI data were collected in all but 
one trauma patient who had C4/5 subluxation. MCs were 
present in 18/28 degenerative patients and in all three trauma 
patients who had MRI data (P = 0.533). Two trauma patients 
had degenerative MR appearance without fracture or dislo-
cation, and the other had both degenerative change in C3/4 
and rupture of ossified anterior longitudinal ligament in 
C5/6. MCs were present in 30/65 fused segments (46.2%). 
Of all the MCs in fused segments, type 2 (M2) were most 
prevalent (27.7%), followed by type 1 (M1) (13.8%). Disc 
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herniation types included bulge in one disc (1.5%), protru-
sion in 29 discs (44.6%), extrusion in 21 discs (32.3%), and 
sequestration in 14 discs (21.5%). Disc herniation types 
included bulge in one disc (1.5%), protrusion in 29 discs 
(44.6%), extrusion in 21 discs (32.3%), and sequestration in 
14 discs (21.5%). Of the six discs in three trauma patients 
who had MRI data, there were one disc bulge (16.7%), two 
disc protrusion (33.3%), and three disc extrusion (50.0%). 
Spinal cord high-signal intensity was present in 34 segments 
(52.3%). All the three trauma patients who had MRI data 
had high-signal intensity of the spinal cord. Segment ROM 
were 7.7° ± 4.4° for all the motion segments available for 
measurement. Clinical characteristics of discs are presented 
in Table 1.

Positive disc cultures were noted in eight patients (25%). 
The muscle biopsy (control) cultures were negative in 28 
patients and positive in four patients (12.5%), three of whom 
had a negative disc culture, and one had a disc culture which 
was positive for a different bacterium [Staphylococci haemo-
lyticus (S. haemolyticus)] from that of control (P. acnes). 
None of the four trauma patients had positive disc cultures, 
but one of them had positive muscle culture (Table 3). One 
patient had two infected discs, so positive cultures were 
noted in nine (13.6%) of the total discs excised. Seven discs 

were positive for CNS (10.6% of total discs/77.8% of posi-
tive cultured discs), of which three were positive for Staphy-
lococcus epidermidis (S. epidermidis), two for Staphylococci 
capitis (S. capitis), and two for S. haemolyticus. Two discs 
were positive for P. acnes (3.0% of total discs/22.2% of posi-
tive cultured discs). None of the disc cultures had an addi-
tional organism growth. Clinical details of patients who had 
positive disc or muscle cultures are presented in Table 2.

The average age was significantly lower in patients who 
had positive disc cultures than those with negative ones 
(49.8 versus 60.5 years; P = 0.030) (Table 3). There was no 
significant association between disc cultures and patient gen-
der (P = 0.204), symptom (P = 0.602), smoker (P = 0.219), 
presence of MCs (P = 0.786), number of segments treated 
(P = 0.546), or muscle cultures (P = 1.000) (Table 3). There 
was no significant difference in VAS between patients 
with positive disc cultures and patients with negative ones 
(Table 3).

There was no significant association between disc cul-
tures and spinal level (P = 0.366), type of MCs (P = 0.466), 
or cord high-signal intensity (P = 0.810) (Table 4). In 30 
discs with adjacent MCs, the rate of positive culture was 
33.3% in type 1 MCs and 4.8% in other types of MCs, 
but statistical significance was not reached (P = 0.069) 

Table 1   Summary of 
demographic and clinical 
characteristics and culture 
results of patients and discs

ACDF anterior cervical discectomy and fusion, ACCF anterior cervical corpectomy and fusion, ROM range 
of motion
a Modic changes, type of herniation, and cord high-signal intensity could not be evaluated for one patient, 
because his MRI was not available
b ROM was measured for 52 segments in 25 patients, because flexion–extension X-ray of cervical spine was 
not taken for the rest of patients

Patient parameters n = 32 Disc parameters n = 66

Age 57.8 ± 12.3 Segment
Male/female 20/12  C3/4 10/66 (15.2%)
Symptom  C4/5 20/66 (30.3%)
 Radiculopathy 9/32 (28.1%)  C5/6 25/66 (37.9%)
 Myelopathy 21/32 (65.6%)  C6/7 11/66 (16.7%)
 Spinal cord injury 2/32 (6.3%) Modic changesa

Cervical trauma 4/32 (12.5%)  Nil 35/65 (53.8%)
Smoker 13/32 (40.6%)  Type 1 9/65 (13.8%)
VAS neck pain 2.9 ± 2.1  Type 2 18/65 (27.7%)
Modic changesa 21/31 (67.7%)  Type 3 1/65 (1.5%)
Procedure  Mixed 2/3 2/65 (3.1%)
 ACDF 31/32 (96.9%) Type of herniationa

 ACDF + ACCF 1/32 (3.1%)  Bulge 1/65 (1.5%)
Segment treated  Protrusion 29/65 (44.6%)
 1 8/32 (25%)  Extrusion 21/65 (32.3%)
 2 17/32 (53.1%)  Sequestration 14/65 (21.5%)
 3 4/32 (12.5%) Cord high-signal intensitya 34/65 (52.3%)
 4 3/32 (9.4%) Segment ROM (°)b 7.7 ± 4.4

Patients with disc-positive cultures 8/32 (25%) Disc-positive cultures 9/66 (13.6%)
Muscle positive cultures 4/32 (12.5%)
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(Table 5). There was no significant difference in segment 
ROM between positive disc cultures and negative ones 
(P = 0.396) (Table 4). However, there was a significant asso-
ciation between positive disc cultures and type of herniation 
(P = 0.031) (Table 4). Positive disc cultures were detected in 
only 1 of 30 discs (3.3%) with disc bulge or protrusion, but 
in 8 of 35 discs (22.9%) with disc extrusion or sequestration.

Discussion

There is a great interest in the possibility that low virulence 
bacteria may be one of the causes of degenerative disc dis-
ease and back pain. Since Stirling [1] first reported a high 
positive culture rate of anaerobic bacteria from disc tissues 
in patients with sciatica, there was growing evidence, indi-
cating that these bacteria could appear in painful degen-
erative discs without causing symptoms of clinical infec-
tion. The positive culture rate covered a wide range from 
1.6 to 82% [1–6, 9–11, 13–18] and the pooled estimate 
of the prevalence was 34% [8]. However, all past studies 
mainly focus on the lumbar spine, and no study has yet been Ta
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Table 3   Demographic and clinical characteristics of patients with and 
without positive disc culture

a Modic changes could not be evaluated for one patient, because his 
MRI was not available
* P < 0.05

Parameters Disc cultures Total P value

Positive Negative

Gender 0.204
 Male 7 (35%) 13 (65%) 20 (100%)
 Female 1 (8.3%) 11 (91.7%) 12 (100%)

Age (years) 49.8 ± 13.3 60.5 ± 10.9 57.8 ± 12.3 0.030*

Symptom 0.602
 Radiculopathy 3 (33.3%) 6 (66.7%) 9 (100%)
 Myelopathy 5 (23.8%) 16 (76.2%) 21 (100%)
 Spinal cord injury 0 2 (100%) 2 (100%)

Trauma 0 4 (100%) 4 (100%) 0.550
Smoker 5 (38.5%) 8 (61.5%) 13 (100%) 0.219
VAS 3.4 ± 2.1 2.8 ± 2.1 0.478
Modic changesa 5 (23.8%) 16 (76.2%) 21 (100%) 0.786
No. of operated 

levels
0.546

 1 3 (37.5%) 5 (62.5%) 8 (100%)
 2 4 (23.5%) 13 (76.5%) 17 (100%)
 3 0 4 (100%) 4 (100%)
 4 1 (33.3%) 2 (66.7%) 3 (100%)

Muscle cultures 1.000
 Positive 1 (25%) 3 (75%) 4 (100%)
 Negative 7 (25%) 21 (75%) 28 (100%)
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reported exclusively on the cervical spine. In the present 
study, we found positive disc cultures in 25% of the patients 
who underwent anterior cervical fusion and in 13.6% of the 
total discs excised, which was comparable with the results 
of other studies conducted on the lumbar spine.

The most prevalent organism identified in disc tissues 
in the previous studies [1–4, 6, 13–18] was P. acnes, fol-
lowed by CNS. However, organisms other than P. acnes 
were reported by some other authors more common. Li 
[10] reported that 22 patients with lumbar disc herniation 
underwent discectomy and found positive disc cultures in 
three cases, two CNS, one particles chain bacterium, with 
no P. acnes found. Fritzell [21] identified bacteria in two 
of ten patients (20%), either Bacillus cereus or Citrobacter 
braakii/freundii. Rigal [9] reported six positive cultures in 
379 samples, two P. acnes, two S. epidermidis, one Citro-
bacter freundii, and one Saccharopolyspora hirsuta. As for 
the cervical spine, P. acnes was the predominant culture 
result in both studies which included a subgroup of cervical 
discs [5, 14]. However, they did not exclude patient who had 
accepted prior injection or surgery at the operated spinal 
level. In the present study, CNS was more common than P. 
acnes in cervical discs. We think these differences in the 
culture results of the current literature and the present study 
may be related to differences in patient selection, culture 
method, identification method, and contamination control.

The rate of positive cultures depends to some extent on 
culture and identification methods. Stirling [1] used two 
methods to examine the presence of microorganisms in 
intervertebral discs. The first is the enrichment method by 
which disc tissue was first cultured in Robertson’s cooked 
meat enrichment broth, and then subcultured onto blood agar 
plates and incubated under anaerobic conditions. The other 
is the direct method by which large samples were cultured 
directly by impression onto blood agar plates, and embedded 
into nutrient agar. The rate of positive cultures using either 
technique was similar (53 and 55%, respectively). Fritzell 
[21] used PCR amplification of the 16S rRNA gene followed 
by gene sequencing, to detect bacterial DNA in degenerative 
discs. They identified bacteria in two of ten patients (20%). 
Most researchers used a combination of Stirling enrichment 
method and the PCR method [15, 16, 18], or either one [3, 
9, 11]. However, a few studies found positive cultures rates 
even close to that of Stirling using the Stirling method alone. 
The highest rate so far was 81.8% by the PCR method [6]. In 
contrast, neither of the two studies reporting very low posi-
tive cultures rate (3.7 and 1.6%, respectively) used PCR as 
an identification method. PCR is theoretically more sensitive 
to detect the bacterial DNA than the Stirling method, which 
was widely used for disc anaerobic culture. However, PCR 
method only might be too sensitive to detect any bacteria. 
In the study by Rajasekaran [6], 81.8% of the samples were 
positive for P. acnes, including both normal discs without 
any degenerative change on MRI. Therefore, in the present 
study, we basically followed the Stirling enrichment proce-
dure first and then investigated and identified any resulting 
colony by PCR method.

Table 4   Clinical and imaging characteristics of discs with and with-
out positive disc culture

a Modic changes, type of herniation, and cord high-signal intensity 
could not be evaluated for one patient, because his MRI was not 
available
b ROM range of motion. ROM was measured for 52 segments in 25 
patients, because flexion–extension X-ray of cervical spine was not 
taken for the rest of patients
* P < 0.05

Parameters Disc cultures Total P value

Positive Negative

Spinal level 0.366
 C3/4 3 (30%) 7 (70%) 10 (100%)
 C4/5 3 (15%) 17 (85%) 20 (100%)
 C5/6 2 (8%) 23 (92%) 25 (100%)
 C6/7 1 (9.1%) 10 (90.9%) 11 (100%)

Modic changesa 0.466
 Nil 5 (14.3%) 30 (85.7%) 35 (100%)
 Type 1 3 (33.3%) 6 (66.7%) 9 (100%)
 Type 2 1 (5.6%) 17 (94.4%) 18 (100%)
 Type 3 0 1 (100%) 1 (100%)
 Mixed type 2/3 0 2 (100%) 2 (100%)

Type of herniationa 0.031*

 Bulge/protrusion 1 (3.3%) 29 (96.7%) 30 (100%)
 Extrusion/sequestra-

tion
8 (22.9%) 27 (77.1%) 35 (100%)

Cord high-signal 
intensitya

0.810

 Nil 5 (16.1%) 26 (83.9%) 31 (100%)
 Yes 4 (11.8%) 30 (88.2%) 34 (100%)

Segment ROM (°)b 9.0 ± 4.4 7.4 ± 4.4 7.6 ± 4.3 0.396

Table 5   Relationship between disc cultures and Modic changes

Modic changes could not be evaluated for one patient, because his 
MRI was not available

Parameters Disc cultures Total P value

Positive Negative

Modic changes 1.000
 Nil 5 (14.3%) 30 (85.7%) 35 (100%)
 Yes 4 (13.3%) 26 (86.7%) 30 (100%)

Modic changes 0.069
 Type 1 3 (33.3%) 6 (66.7%) 9 (100%)
 Other than type 1 1 (4.8%) 20 (95.2%) 21 (100%)
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The focus of an ongoing debate is whether these detected 
bacteria are true infection or intraoperative contamination. 
Several studies have confirmed P. acnes as a common patho-
gen in vertebral and disc infection related to surgical proce-
dures, implants, and epidural analgesia [22–25]. The route of 
infection was assumed to be occasional skin contamination 
during the invasive operation: bacteria were cultured not 
only from disc fragments but also from skin, ligamentum 
flavum, muscle, wound washings, air samples, and laminar 
flow [11, 12], with P. acnes being identified most frequently 
[12]. These results led to continued skepticism on the notion 
that the low virulence anaerobic bacteria isolated from the 
disc tissues were true infections and was one of the possible 
causes of disc degeneration.

Recently, however, the use of new detection techniques 
provided new evidence that bacteria were preexisting in the 
intervertebral discs rather than intraoperative contamina-
tion. Capoor [4] homogenized disc tissues before anaerobic 
culture to release bacteria from the biofilm to be cultured, 
reducing the rate of false-negative. One biopsy fragment 
was homogenized and cultured quantitatively, and a sec-
ond was frozen and used for PCR-based quantification of 
bacterial genomes. The quantification study revealing sig-
nificant correlation between the bacterial counts obtained 
by culture and the number of bacterial genomes detected 
by PCR, minimizing the likelihood that observed findings 
were due to contamination. Rajasekaran [6] used proteom-
ics analysis to provide evidence of preexisting infection in a 
degenerated disc by identifying proteins signifying bacterial 
presence and host defence response proteins (HDRPs). 14 
HDRPs were either uniquely present or up-regulated in disc 
herniation and disc degeneration groups in comparison to 
the normal disc group. Two recent studies showed visible 
evidence of bacteria within the disc tissues in situ. Yuan 
[18] reported that 7 of the 16 samples positive for P. acnes 
using 16S rDNA PCR had visible Gram-positive and rod-
shape microbes stained with hematoxylin–eosin staining and 
modified Brown–Brenn staining. Capoor [13] observed the 
presence of P. acnes biofilms in situ within disc materials by 
confocal laser scanning and fluorescence in situ hybridiza-
tion. These findings indicated that the identified bacteria in 
discs were infection rather than microbiological contamina-
tion. In our study, we used muscle samples as intraopera-
tive contamination control and blank broth as environmen-
tal contamination control. We did not find any bacteria in 
blank broth. We did find positive muscle control cultures 
which indicated contamination in four patients, but three of 
them did not have a positive disc culture and the other had 
a positive disc culture which was different from the muscle 
culture. Our results were more consistent with disc infec-
tion in situ, but with a 12.5% incidence of positive culture 
in control, we could not completely exclude the possibility 
of intraoperative contamination of disc tissues.

One important finding of our study is that there is a sig-
nificant association between the positive culture and type of 
herniation in cervical spine. Bacteria culture rate was low 
in discs that were merely bulging or protruding, yet much 
higher in discs with extrusion or sequestration, which indi-
cate a full-thickness annulus fissure. Our finding is in con-
sistent with that of others mainly done in lumbar spine [5, 
15]. This result suggests that bacteria might invade cervical 
discs primarily though a radial fissure in the AF and further 
supported the theory that bacteria is more likely to affect 
herniated discs. With the outer structures (AF and endplate) 
of an intervertebral disc intact, the NP is isolated from the 
circulation, hence minimizing the chance of developing a 
intra-discal infection and subsequent adjacent bone marrow 
edema [26]. However, a herniated disc with full-thickness 
AF fissure can cause new capillarization and focal inflamma-
tion around the extruded disc materials [27, 28]. Therefore, 
it might be possible for very small amount of bacteria in the 
blood circulation to enter the disc through the fissure dur-
ing transit bacteremia which occasionally happens without 
clinical symptoms [29–31]. Due to the nature of being avas-
cular and low in oxygen tension, intervertebral disc thereby 
is suitable culture medium for anaerobic bacteria from the 
circulation, such as P. acnes and CNS, which can cause a 
low virulent and slowly developing infection in the disc but 
can hardly survive in highly vascularized vertebrae [16, 32].

Another interesting result of our study is that younger 
patients are more likely to have bacteria in their cervical 
discs. Other studies in lumbar spine also reported similar 
results [4, 15]. This seems to contradict the theory of the 
infectious origin of disc degeneration [2–6], because disc 
degeneration is more common and more severe in the elderly 
[33, 34]. However, on the other hand, it could be explained 
by the fact that a prolapsed cervical disc through a com-
plete annulus fissure is more prevalent in younger patients 
[35]. This would support the concept of bacterial infection 
in cervical discs being predominantly via a complete annulus 
fissure.

However, strong evidence is lacking that these skin-
resident bacteria can easily enter deep inside intervertebral 
discs via circulation. Both P. acnes and CNS are commonly 
found in the skin and the oral mucosa [29, 31, 36]. They 
may frequently invade the circulatory system during tooth 
brushing [30]. Theoretically, it is possible for the bacteria to 
enter the intervertebral disc through an annulus fissure when 
the disc is herniated and vascularized, or through a dam-
aged endplate. However, none of the current animal models 
can rigorously confirm this hypothesis. Li [10] injected P. 
acnes intravenously in rabbits but failed to establish a local 
infection model in any of the discs which were incised to 
induce degeneration. Others [37–39] directly inoculated a 
high concentration of bacteria into the disc or endplate and 
successfully induced degeneration-like changes in the disc 
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and the adjacent marrow. However, this model is not accu-
rate to reflect the infection routes presumed by the theory 
mentioned above.

What has been proved by animal studies is that low viru-
lence anaerobic bacteria really can survive in the disc tissues 
and may induce inflammation. Li [10] made an incision in 
the lumbar discs of rabbits to induce disc degeneration, fol-
lowed by inoculation of P. acnes into the operated discs. Six 
weeks later, live P. acnes was found in 11 out of 18 discs, 
indicating that a degenerating disc was suitable for survival 
and growth of the bacteria. These bacteria may also induce 
disc degeneration and MC-like changes in the adjacent mar-
row [37–39]. Shan [37] directly inoculated P. acnes with a 
fine needle into the subchondral bone of the vertebrae in rab-
bits. Six months later, they observed signal intensity changes 
on MRI resembling MCs in the inoculation group, while 
the sham surgery group did not show any endplate changes.

Although experimental studies demonstrated that low 
virulence bacteria were closely related to MCs, results were 
conflicting from clinical studies which were done in the 
lumbar spine [2, 3, 5, 7, 14–16]. In the setting of cervical 
spine, we did not find a correlation between MCs and low 
virulence bacteria infection at the time of surgery. However, 
we cannot make any conclusion based on this cross-sectional 
study about the cause–effect relationship between the two 
for the reason that MCs represent a dynamic process and 
may change over time [26, 40–42]. Therefore, the absence of 
MCs at the time of surgery does not mean that it would never 
develop in the future. Usually, new MCs may be observed 
about 1 year after the herniation [26]. There is a theory that 
the formation of MCs has two possible causes: one mechani-
cal and the other bacterial [32]. The MCs, especially type 
1, probably represent inflammation and edema in the bone 
marrow surrounding an infected disc [32]. In a longitudi-
nal study, Albert [16] reported that low virulence infection 
inside the intervertebral discs was a risk factor for newly 
developing MCs at adjacent endplates regardless of the type 
of baseline MCs. Therefore, bacteria could be present at the 
time of biopsy of a herniated disc, but with the absence of 
MCs. In a randomized clinical controlled trial, a reduction 
in the volume of M1 was observed after antibiotic treatment 
compared to the placebo group [7], which provided indirect 
evidence that MCs were partially related to low virulence 
infection in the discs. Actually, we did find out that posi-
tive culture in cervical discs was more related to M1 than 
to other types of MCs in segments with MCs, although this 
correlation was not significant.

In the present study, we did not found low virulence infec-
tion of cervical discs in correlation with either neck pain or 
type of symptoms. In addition, we did not found correlations 
between infection and either cervical focal ROM or cord 
high intensity, although Zhou [15] found that lumbar disc 
infection was related to decreased disc height. Our results 

show that low virulent infection may be a possible but not 
the primary cause of clinical symptoms, although these bac-
teria may lead to the continued destruction of the internal 
structure of the disc over a long period.

Conclusions

Different from the previous studies which conducted mainly 
on lumbar spine, our data show a 13.6% low virulence infec-
tion rates in degenerative cervical discs, with CNS being 
more prevalent than P. acnes. The infection is associated 
with complete annulus tear, and is more common in younger 
patients, which indicates that the route of infection in cer-
vical discs may be predominantly through an annulus fis-
sure. We cannot make a conclusion about the cause–effect 
relationship between the bacteria and the MCs due to the 
dynamic nature of the latter and the cross-sectional design 
of this study. There is no correlation confirmed between 
the infections and clinical symptoms, suggesting a limited 
clinical significance of these low virulence infections on the 
current management of cervical degenerative disc diseases.
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