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Abstract:
Introduction: Disc degeneration is a risk factor of pyogenic spondylitis. However, its degree in patients with pyogenic

spondylitis is unknown. This study aimed to determine differences in disc degeneration between patients with pyogenic

spondylitis and those with noninfectious lumbar spondylosis.

Methods: A total of 85 patients with lumbar pyogenic spondylitis (the infected group) and 156 with lumbar spondylosis

who underwent posterior lumbar interbody fusion (the noninfected group) were retrospectively evaluated. Patients with a

previous history of spinal fusion, tuberculous spondylitis, and multilevel infection and those receiving dialysis were ex-

cluded. Magnetic resonance imaging of the lumbar spine was conducted. Each disc at the L1/2-L5/S levels was graded. The

total score of the four discs, excluding the affected disc, was used as the modified disc degenerative disease (DDD) score.

Propensity score matching was performed using independent variables such as age, sex, diabetes mellitus, cancer, and ster-

oid use. The modified DDD scores at all and each disc level were compared between the two matched groups.

Results: After matching, 48 patients in the infected group and 88 in the noninfected group were finally included in the

study. The mean modified DDD scores of the infected and noninfected groups were 7.63 and 5.40, respectively. The modi-

fied DDD scores at all and each disc level were higher in the infected group than in the noninfected group.

Conclusions: The incidence of disc degeneration at all and each disc level was higher in patients with pyogenic spondyli-

tis than in those with noninfectious lumbar spondylosis.
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Introduction

Pyogenic spondylitis is a common disease among elderly

individuals. The number of patients with this condition has

been increasing in recent years due to the greater number of

susceptible hosts caused by societal aging1-3). This disease

has different etiologies, such as bloodstream and abdominal-

pelvic infections and other medical causes1). It has been re-

cently proposed that disc degeneration itself, as evidenced

by Modic change, is a risk factor of pyogenic spondylitis4,5).

There have been various reports on disc degeneration and

infection6,7). However, the degree of disc degeneration in pa-

tients with pyogenic spondylitis is unknown. We hypothe-

sized that lumbar disc degeneration can be more severe in

patients with pyogenic spondylitis than in those with nonin-

fected degenerative spinal diseases. This study aimed to de-

termine differences in disc degeneration between patients

with pyogenic spondylitis and those with noninfectious lum-

bar spondylosis using propensity score matching.
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Figure　1.　Illustrative examples of the infected and noninfected groups.

A: Infected group, pyogenic spondylitis at the L3/4 level (*). Degeneration of the whole lumbar spine.

B: Noninfected group, lumbar spondylosis at the L4/5 level (*) (B1). Posterior lumbar interbody fusion at the L4/5 

level was performed (B2). There was disc degeneration at the L4/5 and L5/S levels.

Materials and Methods

This was a multicenter, retrospective cohort study, and the

institutional review board approved the methodology of this

study.

From 2012 to 2022, 85 patients with lumbar pyogenic

spondylitis (the infected group) and 156 with lumbar spon-

dylosis who underwent one-level posterior lumbar interbody

fusion (the noninfected group), a common surgical proce-

dure for lumbar degenerative disease, at four affiliated cen-

ters were evaluated (Fig. 1).

Patients with a single infected disc and lumbar spine

(L1/2-L5/S level) in the infected group and those who un-

derwent single-level lumbar surgery in the noninfected

group were included in this study. The exclusion criteria

were patients with a previous history of spinal fusion, tuber-

culous spondylitis, and multilevel infections and those re-

ceiving dialysis.

At the initial visit, data on age, sex, morbidity level,

comorbidity (diabetes mellitus [DM] and cancer), and ster-

oid use were assessed2,3).

T2-weighted sagittal plane magnetic resonance imaging

(MRI) of the lumbar spine was performed at the initial visit,

and each disc at the L1/2-L5/S level was graded based on

the study of Cheung3,4,8): 0, normal; 1, slight low signal in

the disc; 2, low signal in the whole disc; and 3, low signal

in the whole disc with intervertebral space narrowing. Ac-

cording to previous studies, the scores of the four discs, ex-

cluding the affected disc, were summed up to obtain a

modified disc degenerative disease (DDD) score (0-12) (Fig.

2)4,8). The modified DDD score was independently assessed

by two spine surgeons, each blinded to the other’s evalu-

ation, and a single assessment was conducted by each sur-

geon. In instances of divergent assessments, consensus dis-

cussions were held, resulting in a final decision.

Statistical analysis/propensity score matching

All statistical analyses used the JMP 10 (SAS Inc., Cary,

NC, USA) and the Statistical Package for the Social Sci-

ences software version 28.0.1.1 (IBM, New York, USA).

Propensity score matching was performed on 61 and 146

patients in the infected and noninfected groups, respectively.

The dependent variable was the presence or absence of in-

fection, and the independent variables were age, sex, DM,

cancer, and steroid use (prednisolone �1 mg per day), which

are the risk factors of pyogenic spondylitis based on previ-

ous studies2,3). Propensity score was calculated with the lo-

gistic regression model, and the infected and noninfected

groups were matched using propensity score matching with

the nearest neighbor technique with a caliper of 0.2.

It has been reported that intraclass correlation coefficient

(ICC) values, following Koo et al.’s classification, evaluate

interobserver agreement in the modified DDD score. Classi-

fication categorizes values as follows: <0.50 for poor agree-

ment, 0.50-0.75 for moderate agreement, 0.75-0.90 for good

agreement, and >0.90 for excellent agreement9). Furthermore,

modified DDD scores at all and each disc level were com-

pared between the two matched groups according to previ-
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Figure　2.　Evaluation of the modified DDD score.

Evaluation of the modified DDD score was performed via T2-weighted sagittal plane magnetic resonance imaging of 

the lumbar spine at the initial visit, and each disc at the L1/2–L5/S levels was graded as follows (A): 0, normal; 1, 

slightly low signal in the disc; 2, low signal in the whole disc; and 3, low signal in the whole disc with intervertebral 

space narrowing. The total score of the four discs, excluding the affected disc, was used as the modified DDD score 

(0–12).

Example (B): pyogenic spondylitis at the L4/5 level (*). Except for the affected disc, the L1/2 and L2/3 levels had 0 

points, the L3/4 level had 2 points, and the L5/S level had 0 points. The total score was 2.

DDD, disc degenerative disease

ous studies8). Statistical analysis was performed to evaluate

the association between variables using Fisher’s exact test,

Chi-square test, Mann-Whitney U test, and Kruskal-Wallis

test. A p value of 0.05 was considered statistically signifi-

cant.

Results

Demographic characteristics of the patients

A total of 61 patients in the infected group (mean age:

72.5 years) and 146 in the noninfected group (mean age:

68.7 years) were evaluated. After propensity score matching,

136 patients (48 in the infected group and 88 in the nonin-

fected group) were finally included in the study (Fig. 3).

Results showed that the patients were comparable in terms

of age, sex, and comorbidity (Table 1).

ICC for interobserver agreement in modified DDD scores

The ICC for interobserver agreement regarding modified

DDD scores was 0.92 (95% confidence interval 0.89-0.94),

indicating excellent agreement.

Modified DDD scores according to disc level and demo-
graphic characteristics

The overall mean modified DDD score was 6.18 (standard

deviation [SD]: 3.12, range: 0-12). The L4/5 level had the

highest degenerative score at 1.89. There was a significant

difference on the scores according to age groups (<60 years,

4.00; 60-79 years, 6.21; and >80 years, 7.69) (p=0.0005),

but none according to sex and comorbidity (Table 2).

Comparison of the infected and noninfected groups

The mean modified DDD scores were significantly higher

in the infected group than in the noninfected group (7.63

and 5.40, respectively; p<0.0001). The mean modified DDD
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Figure　3.　Inclusion and exclusion criteria.
A total of 85 patients were included in the infected group and 156 in the noninfected group. Furthermore, 61 patients in 
the infected group and 146 in the noninfected group were evaluated after applying the exclusion criteria (previous his-
tory of spinal fusion, tuberculous spondylitis, and multilevel infections and dialysis treatment). After propensity score 
matching using independent variables such as age, sex, comorbidity (diabetes mellitus and cancer), and steroid use, 48 
patients in the infected group and 88 in the noninfected group were finally included in the study.

Table　1.　Demographic Characteristics of Patients in the Infected and Nonin-
fected Groups after Propensity Score Matching.

Variables Infected group, n=48 Noninfected group, n=88 p value

Age

Mean±SD 70.9±13.7 70.8±9.57 0.48a

Range 35–93 36–87

Male/female 29/19 53/35 1.00a

Comorbidity

DM 16 (33%) 27 (31%) 0.85b

Cancer 12 (25%) 15 (17%) 0.27b

Steroid use 7 (15%) 10 (11%) 0.60b

SD, standard deviation; DM, diabetes mellitus; a, Mann-Whitney U test; b, Fisher’s exact test.

score at each level was significantly higher than that at all

levels in the noninfected group (p=0.009-0.014) (Fig. 4).

Discussion

The main findings of this study are as follows: First,

older patients had a higher modified DDD score. Second,

modified DDD scores at all and each disc level was higher

in patients with pyogenic spondylitis than in those with non-

infectious lumbar spondylosis.

It has been recently found that disc degeneration, as evi-

denced by Modic change, is associated with infection4,5).

Furthermore, normal disc tissue is destroyed by disc degen-

eration, leading to hematogenous infection. Modic change

and disc degeneration themselves are attributed to infection

caused by bacteria such as Propionibacterium acnes10-13).

There are cross-sectional and longitudinal reports using

MRI, and disc degeneration progresses gradually beginning

in the 20s8). Furthermore, older patients had a higher risk of

severe disc degeneration8,14,15).

Differentiating noninfected disc degeneration from infec-

tious disc degeneration is a major clinical challenge. Previ-

ous studies have evaluated differences between the two con-

ditions using artificial intelligence and other techniques16).
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Figure　4.　Modified DDD score in the infected or noninfected group after propensity score matching.

The modified DDD scores at all and each disc level were higher in the infected group than in the nonin-

fected group.

DDD, disc degenerative disease, * p<0.01, ** p<0.05.

Table　2.　Modified DDD Scores according to Disc Level 

and Demographic Characteristics after Propensity Score 

Matching.

Variables Mean SD p values

All levels 6.18 3.12

L1/2 1.15 1.07

L2/3 1.49 1.03

L3/4 1.53 0.93

L4/5 1.89 0.99

L5/S 1.86 1.05

Age (years) 

<60 4.00 3.46 0.0005a

60–79 6.21 3.04

>80 7.69 2.26

Male 5.93 3.03 0.25b

Female 6.57 3.19

Comorbidity

DM (+) 6.35 3.15 0.52b

DM (−) 6.11 3.14

Cancer (+) 5.67 3.59 0.25b

Cancer (−) 6.31 3.01

Steroid use (+) 5.65 3.66 0.40b

Steroid use (−) 6.26 3.06

DDD, disc degenerative disease; SD, standard deviation; DM, diabetes 

mellitus; a, Kruskal-Wallis test; b, Mann-Whitney U test.

Currently, the distinct characteristic between infected and

noninfected discs is controversial, and it is difficult to differ-

entiate the two conditions. Systematic reviews of disc de-

generation often report an association between Modic

change and infection17,18).

With recent advancements in metagenomic techniques for

bacterial analysis, the normal disc also contains good mi-

croflora, such as Saccharopolyspora, which does not cause

infection18-21). With disc degeneration, the normal barrier

function is disrupted, and neovascularization in the normal

avascular disc increases18). Due to greater neovascularization,

bad bacteria such as Streptococcus and Staphylococcus,

which cause infection and degeneration, can reach the disc

from the bloodstream and form bacterial flora leading to

clinical pyogenic spondylitis1,2,18).

One of the key findings of this study was that the risk of

disc degeneration was higher in older patients. Moreover,

previous reports have shown that disc degeneration pro-

gresses with age14). The average age of patients with pyo-

genic spondylitis is 59-69 years, and the incidence of pyo-

genic spondylitis increases with age1,3). This study may pro-

vide an explanation why pyogenic spondylitis is more com-

mon in elderly patients with advanced-stage disc degenera-

tion.

The assessment of disc degeneration between patients

with pyogenic spondylitis and those with noninfectious lum-

bar spondylosis using propensity score matching was the

major novelty of this study.

In a recent systematic review of 34 articles on disc degen-

eration and infection, several reports have shown an associa-

tion between Modic changes and infection, but none of them

evaluated the degree of disc degeneration in patients with

pyogenic spondylitis17).

Disc degeneration leads to the formation of bad flora and

the development of clinical pyogenic spondylitis. Hence, the

high degree of disc degeneration in patients with pyogenic

spondylitis, which was the main result of this study, may re-

sult in localized susceptibility to the infectious characteris-

tics of pyogenic spondylitis, as opposed to systemic suscep-
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tibility to DM or malignancy, which is the cause of systemic

susceptibility to infection1-3,18).

These results strongly support previous reports showing

that disc degeneration, as evidenced by Modic change, is as-

sociated with pyogenic spondylitis.

This study had some limitations. First, although it was

conducted at multiple centers, the patients were from the

same race and an aging community (mean age, 71 years).

Hence, the study results are not applicable to young patients

with pyogenic spondylitis. Second, the condition of the disc

before infection was not evaluated. Third, due to the retro-

spective nature of the study, it was impossible to conclude

that disc degeneration is not a risk factor of infection.

Fourth, the control group comprised patients who underwent

posterior lumbar interbody fusion, a common surgery for

lumbar degenerative disease. MRI was required for evaluat-

ing DDD scores and was appropriate for matching the char-

acteristics of patients such as comorbidity and age. How-

ever, there might be a risk of selection bias because the pa-

tients were not volunteers of asymptomatic healthy patients.

Fifth, our study design only has a small number of patients

to perform statistical analysis for distinguishing infection

and noninfection based on the modified DDD score. This

challenge should be addressed in future investigations. Fi-

nally, the patient population in this study was predominantly

elderly individuals, and disc degeneration might be a useful

indicator of pyogenic spondylitis in elderly patients with de-

generative disease.

Conclusion

Disc degeneration in pyogenic spondylitis and noninfec-

tious lumbar spondylosis was compared using propensity

score matching. The incidence of disc degeneration at all

and each disc level was higher in patients with pyogenic

spondylitis than in those with noninfected lumbar spondylo-

sis.

Conflicts of Interest: The authors declare that there are

no relevant conflicts of interest.

Sources of Funding: None.

Author Contributions: H.G., T.F., and M.K. conceived

and designed the study. H.G., T.N., T.S., K.S., K.I., S.O.,

T.A., Y.S., K.M., H.N., H.T., I.S., and T.N. gathered and

analyzed the data for the study. H.G., T.F., and M.K. drafted

the paper. M.Y. and M.K. significantly revised the manu-

script. All authors approved the version of the manuscript

submitted for publication.

Ethical Approval: The institutional review board (IRB)

of Ibaraki Western Medical Center approved all procedures

including review of patient records used in this research

(protocol code no. 21-07, approved on January 27, 2022).

All procedures were performed in accordance with the Dec-

laration of Helsinki. Written informed consent was obtained

from all participants of the study. The IRB also approved

the procedures outlined for obtaining consent for this study.

Informed Consent: Informed consent was obtained from

all patients to participate in this study and to publish this

study.

References
1. Akiyama T, Chikuda H, Yasunaga H, et al. Incidence and risk fac-

tors for mortality of vertebral osteomyelitis: a retrospective analy-

sis using the Japanese diagnosis procedure combination database.

BMJ Open. 2013;3(3):e002412.

2. Capoor MN, Birkenmaier C, Wang JC, et al. A review of

microscopy-based evidence for the association of Propionibacte-

rium acnes biofilms in degenerative disc disease and other dis-

eased human tissue. Eur Spine J. 2019;28(12):2951-71.

3. Cheung KM, Chan D, Karppinen J, et al. Association of the Taq I

allele in vitamin D receptor with degenerative disc disease and

disc bulge in a Chinese population. Spine. 2006;31(10):1143-8.

4. Cheung KM, Karppinen J, Chan D, et al. Prevalence and pattern

of lumbar magnetic resonance imaging changes in a population

study of one thousand forty-three individuals. Spine. 2009;34(9):

934-40.

5. Durazzi F, Sala C, Castellani G, et al. Comparison between 16S

rRNA and shotgun sequencing data for the taxonomic characteri-

zation of the gut microbiota. Sci Rep. 2021;11(1):3030.

6. Granville Smith I, Danckert NP, Freidin MB, et al. Evidence for

infection in intervertebral disc degeneration: a systematic review.

Eur Spine J. 2022;31(2):414-30.

7. Li W, Lai K, Chopra N, et al. Gut-disc axis: a cause of interverte-

bral disc degeneration and low back pain? Eur Spine J. 2022;31

(4):917-25.

8. Makino H, Kawaguchi Y, Seki S, et al. Lumbar disc degeneration

progression in young women in their 20’s: a prospective ten-year

follow up. J Orthop Sci. 2017;22(4):635-40.

9. Koo TK, Li MY. A guideline of selecting and reporting intraclass

correlation coefficients for reliability research. J Chiropr Med.

2016;15(2):155-63.

10. Mukaihata T, Maki S, Eguchi Y, et al. Differentiating magnetic

resonance images of pyogenic spondylitis and spinal Modic

change using a convolutional neural network. Spine. 2023;48(4):

288-94.

11. Nagashima H, Nanjo Y, Tanida A, et al. Clinical features of spinal

infection in individuals older than eighty years. Int Orthop. 2012;

36(6):1229-34.

12. Nickerson EK, Sinha R. Vertebral osteomyelitis in adults: an up-

date. Br Med Bull. 2016;117(1):121-38.

13. Rajasekaran S, Pushpa BT, Soundararajan DC, et al. Are Modic

changes ‘Primary infective endplatitis’?―insights from multimodal

imaging of non-specific low back pain patients and development

of a radiological ‘Endplate infection probability score’. Eur Spine

J. 2022;31(11):2884-96.

14. Rajasekaran S, Soundararajan DCR, Tangavel C, et al. Human in-

tervertebral discs harbour a unique microbiome and dysbiosis de-

termines health and disease. Eur Spine J. 2020;29(7):1621-40.

15. Rajasekaran S, Tangavel C, Vasudevan G, et al. Bacteria in human

lumbar discs―subclinical infection or contamination? Metabolomic

evidence for colonization, multiplication, and cell-cell cross-talk of

bacteria. Spine J. 2023;23(1):163-77.

16. Sokol H, Seksik P, Furet JP, et al. Low counts of Faecalibacterium

prausnitzii in colitis microbiota. Inflam Bowel Dis. 2009;15(8):



Spine Surg Relat Res 2024; 8(6): 616-622 dx.doi.org/10.22603/ssrr.2024-0032

622

1183-9.

17. Tsujimoto T, Takahata M, Kokabu T, et al. Pyogenic spondy-

lodiscitis following anti-interleukin-6 therapy in a patient with

rheumatoid arthritis (implication of hematogenous infection risk in

degenerative intervertebral discs): a case report and review of the

literature. J Orthop Sci. 2016;21(5):694-7.

18. Viswanathan VK, Shetty AP, Rajasekaran S. Modic changes―an

evidence-based, narrative review on its patho-physiology, clinical

significance and role in chronic low back pain. J Clin Orthop

Trauma. 2020;11(5):761-9.

19. Yuan Y, Chen Y, Zhou Z, et al. Association between chronic in-

flammation and latent infection of Propionibacterium acnes in

non-pyogenic degenerated intervertebral discs: a pilot study. Eur

Spine J. 2018;27(10):2506-17.

20. Yuan Y, Zhou Z, Jiao Y, et al. Histological identification of Propi-

onibacterium acnes in nonpyogenic degenerated intervertebral

discs. BioMed Res Int. 2017;2017:6192935.

21. Zhang YH, Zhao CQ, Jiang LS, et al. Modic changes: a systematic

review of the literature. Eur Spine J. 2008;17(10):1289-99.

Spine Surgery and Related Research is an Open Access journal distributed under

the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-

tional License. To view the details of this license, please visit (https://creativeco

mmons.org/licenses/by-nc-nd/4.0/).


