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Abstract: The objective of this study was to evaluate the relationship between magnetic reso-

nance imaging (MRI) findings and previous low back pain (LBP) in participants without current 

LBP. Current LBP was defined as LBP during the past month. Previous LBP was defined as 

a history of medical consultation for LBP. Ninety-one participants without current LBP were 

included. Sagittal T2-weighted MRI was used to assess the intervertebral space from T12/L1 

to L5/S1. These images were classified into five grades based on the Pfirrmann grading system. 

Furthermore, we evaluated the presence of disk bulging, high-intensity zone, and spondylolis-

thesis. We compared the MRI findings between groups with (27 participants) and without (64 

participants) previous LBP without current LBP. Intraobserver and interobserver kappa values 

were evaluated. Participants had an average age of 34.9 years; 47 were female and 44 were 

male; and their average body mass index was 21.8 kg/m2. Compared to the group of participants 

without previous LBP, the group of participants with previous LBP had a significantly higher 

incidence of disk degeneration such as a Pfirrmann grade ≥3, disk bulging, and high-intensity 

zone in the analyses adjusted by age and sex. There were no significant differences in spondy-

lolisthesis between the groups. An odds ratio of >10 was only found for Pfirrmann grade ≥3, 

ie, a Pfirrmann grade ≥3 was strongly associated with a history of previous LBP in participants 

without current LBP.

Keywords: disk bulging, low back pain, magnetic resonance imaging, MRI, Pfirrmann grading, 

previous history, high-intensity zone

Introduction
Low back pain (LBP) affects most adults at some point in their lives. Approximately 

85%–90% of cases are classified as nonspecific LBP.1 In the last decade, LBP was 

continuously found to be the top leading cause of years lived with disability globally.2 

Similarly, in Japan, LBP is one of the most common causes of health disability, as in 

other industrialized countries, with a reported lifetime prevalence of >80%.3 Espe-

cially in the workplace, LBP is an important and costly medical problem that leads to 

decreased employee health and productivity.4

Magnetic resonance imaging (MRI) can identify underlying pathologies of LBP. 

However, the importance of MRI findings is unclear and controversial. Some reports 

have shown that disk degeneration was associated with LBP,5–7 while others have shown 

that there was no relationship between disk degeneration and LBP.8,9 Although these 

reports focused on the relationship between disk degeneration and current LBP, there 

are a few reports on the relationship between MRI findings, including disk degeneration 
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and previous LBP.5,10 It has been suggested that symptoms of 

chronic LBP are often fluctuating, and this is a condition with 

a pattern of exacerbation and remission.11 Some individuals 

have chronic LBP, whereas others have intermittent pain. We 

anticipate that if physicians know about the predictive MRI 

findings of recurrent severe LBP, we can selectively educate 

patients about preventing LBP. Therefore, we hypothesized 

that people whose lumbar MRI showed disk degeneration 

would be prone to developing severe LBP, unless they did 

not have current severe LBP. The purpose of this study was to 

evaluate the relationship between MRI findings and previous 

LBP symptoms in participants without current LBP.

Materials and methods
Study participants
From September 2005 to March 2006, we recruited vol-

unteers who were personnel at Kanto Rosai Hospital to 

participate in the study. Ninety-one participants without 

current LBP were included. We administered a questionnaire 

to determine whether they had previous LBP symptoms. 

According to previous reports, current LBP was defined as 

pain localized between the costal margin and the inferior 

gluteal folds depicted in a diagram with or without lower 

extremity pain in the past 1 month.1,12 The area was shown 

diagrammatically on the questionnaire according to a previ-

ous study.12 Previous LBP was defined as a history of medical 

consultation for LBP. Medical consultation for LBP is one 

of the standards for evaluating the severity of LBP.13 This 

indicated that the LBP was not mild. Then, we classified the 

participants into two groups, those with previous LBP and 

those without previous LBP. The study was approved by the 

review board of the Minister of Labor, Health, and Welfare 

of Japan. Written informed consent was obtained from all 

individual participants included in the study.

Image assessment
MRI was performed using a 1.5 T Siemens Symphony scan-

ner (Siemens Healthcare, Erlangen, Germany). The imag-

ing protocol included sagittal T2-weighted fast spin echo 

(repetition time: 3,500  ms/echo, echo time: 120  ms, and 

field of view: 300 × 320 mm). Sagittal T2-weighted images 

were used to assess the intervertebral space from T12/L1 

to L5/S1. Assessment of the MRI scans was performed by 

an orthopedist (J.T.) who was blinded to the participants’ 

backgrounds. We evaluated the degree of disk degenera-

tion, disk bulging, the high-intensity zone (HIZ), and spon-

dylolisthesis at each level of the spine. The degree of disk 

degeneration on MRI was classified into five grades based 

on the Pfirrmann classification system.14 In the analysis, we 

divided Pfirrmann grading into two categories, grades 1–2 

and grades 3–5. Disk bulging was defined as displacement 

of the disk material, usually by >50% of the disk circumfer-

ence and <3 mm beyond the edges of the disk space in the 

axial plane.15 As we were only able to evaluate the sagittal 

planes of MRI scans, we defined disk bulging as posterior 

disk displacement <3  mm and equivalent to the anterior 

disk displacement in the sagittal plane. We defined HIZ as 

an area of brightness or high signal intensity located in the 

posterior annulus on T2-weighted images based on previous 

literature.16 We defined spondylolisthesis as vertebral slips of 

>5 mm. To evaluate intraobserver variability, 20 randomly 

selected MRI scans of the lumbar spine were rescored by 

the same observer (J.T.) >1  month after the first reading. 

Furthermore, to evaluate interobserver variability, 20 other 

MRI scans were scored by two orthopedists (J.T. and A.H.) 

using the same classification.

Finally, we focused on comparing the relationship 

between the MRI findings and previous LBP.

Statistical analysis
The kappa statistic was used to summarize the intrareader and 

interreader reliability of the ratings. The kappa statistics were 

calculated with linear weights to give less importance to dis-

agreements closer together on an ordinal scale. The schema 

of Landis and Koch17 was used to interpret the strength of 

agreement based on the following values: 0, poor; 0–0.20, 

slight; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, 

substantial; and 0.81–1.00, almost perfect. Between-group 

differences in baseline characteristics were evaluated using 

the Fisher’s exact test for categorical variables and the Stu-

dent’s t-test for continuous variables. We compared the MRI 

findings between groups with and without previous LBP that 

did not have current LBP by using the Fisher’s exact test. 

Furthermore, we determined the odds ratios of each item 

using univariate analyses and adjusting the analyses by age 

and sex. The statistical analyses were performed using the 

JMP 11.0 software program (SAS Institute, Cary, NC, USA). 

A p-value of <0.05 was considered to be significant.

Results
Of 91 participants, 27 had a history of LBP, which was 

indicated during medical consultation. The remaining 64 

participants did not have any history of LBP. Participants’ 

average age was 34.9 ± 10.6 years; 47 were female and 44 

were male; and their average body mass index (BMI) was 

21.8 ± 3.0 kg/m2. The average ages of those who did and did 
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not have a history of LBP were 38.3 and 33.5 years, respec-

tively, which were significantly different (p = 0.0486). There 

were no significant differences in sex and BMI between the 

groups (Table 1).

The intraobserver and interobserver variabilities for 

Pfirrmann grading on MRI were 0.66 and 0.64, respectively. 

Those for disk bulging were 0.60 and 0.67, respectively. 

Those for the HIZ were 0.85 and 0.93, respectively. In 20 

randomly selected MRIs, one observer did not identify 

spondylolisthesis at all, while the other observer identified 

spondylolisthesis in two levels of one participant. Thus, the 

intraobserver and interobserver variabilities for spondylolis-

thesis could not be calculated (Table 2).

Compared to the group without previous LBP, the group 

with previous LBP had a significantly higher incidence of 

disk degeneration such as a Pfirrmann grade ≥3 in at least 

one spinal level (p = 0.0026). In addition, the group with 

previous LBP had a significantly higher incidence of disk 

bulging in at least one spinal level than the group without 

previous LBP (p = 0.0019). There were no significant differ-

ences in HIZ (p = 0.0883) and spondylolisthesis (p = 0.0766) 

between the two groups according to the results of the 

Fisher’s exact test (Table 3). Regarding the findings for each 

spinal level, compared to the group without previous LBP, 

the group with previous LBP had a significantly higher 

incidence of disk degeneration such as a Pfirrmann grade 

≥3 at the T12/L1 (p = 0.0350), L3/4 (p = 0.0232), L4/5 (p = 

0.0005), and L5/S1 (p = 0.0026) levels; and disk bulging at 

the L2/3 (p = 0.0277), L3/4 (p = 0.0113), L4/5 (p = 0.0018), 

and L5/S1 levels (p = 0.0081; Table 4). The findings of HIZ 

were almost all observed at the L4/5 and L5/S1 levels. Spon-

dylolisthesis was only observed at the L4/5 and L5/S1 levels. 

In univariate analyses, the odds ratios of a Pfirrmann grade 

≥3, disk bulging, HIZ, and spondylolisthesis were 12.7, 4.8, 

2.7, and 7.9, respectively. There were significant differences 

for a Pfirrmann grade ≥3 (p = 0.0009) and disk bulging 

(p = 0.0015) in univariate analyses. In the adjusted analyses 

by age and sex, the odds ratios of the aforementioned four 

items were 10.5, 4.2, 3.1, and 6.6, respectively, and there were 

significant differences for a Pfirrmann grade ≥3 (p = 0.0065), 

disk bulging (p = 0.0047), and HIZ (p = 0.0405; Table 5).

Discussion
Among the participants in this study, ~30% had previous 

LBP, which was determined during the medical consultation. 

As in many industrialized countries, LBP is one of the most 

common health disabilities in Japan. In a population-based 

Table 1 Demographic data of the participants

Backgrounds Total, n = 91 Previous LBP (+)  
group, n = 27

Previous LBP (-)  
group, n = 64

p-value

Age (years) 34.9 ± 10.6 38.3 ± 10.7 33.5 ± 10.4 0.0486*
Sex
Female 47 12 (25.5) 35 (74.5) 0.3718
Male 44 15 (34.1) 29 (65.9)
BMI (kg/m2) 21.8 ± 3.0 21.8 ± 0.6 21.7 ± 0.4 0.9639

Notes: Data are shown as mean ± standard deviation or the number of participants (%). *p < 0.05. 
Abbreviations: –, negative; +, positive; LBP, low back pain; BMI, body mass index.

Table 2 Details of the intraobserver and interobserver reliability 
of Pfirrmann grading, disk bulging, the high-intensity zone, and 
spondylolisthesis on magnetic resonance imaging reading

MRI findings MRI (n) Kappa 95% CI

Pfirrmann grading
Intraobserver reliability 20 vs 20 0.66 0.55–0.77
Interobserver reliability 20 vs 20 0.64 0.52–0.76

Disk bulging
Intraobserver reliability 20 vs 20 0.60 0.39–0.81
Interobserver reliability 20 vs 20 0.67 0.48–0.87

High-intensity zone
Intraobserver reliability 20 vs 20 0.85 0.64–1.06
Interobserver reliability 20 vs 20 0.93 0.79–1.07

Spondylolisthesis
Intraobserver reliability 20 vs 20 NA NA
Interobserver reliability 20 vs 20 NA NA

Abbreviations: CI, confidence interval; MRI, magnetic resonance imaging; NA, not 
applicable.

Table 3 Magnetic resonance imaging findings at any spinal level in 
groups with and without previous LBP that did not have current 
LBP

MRI findings Total, 
n = 91

Previous 
LBP (+)  
group, 
n = 27

Previous 
LBP (-)  
group, 
n = 64

p-value

Pfirrmann grade ≥3 69 (75.8) 26 (96.3) 43 (67.2) 0.0026*
Disk bulging + 48 (52.3) 21 (77.8) 27 (42.2) 0.0019*
High-intensity zone + 19 (20.9) 9 (33.3) 10 (15.6) 0.0883
Spondylolisthesis + 4 (4.4) 3 (11.1) 1 (1.6) 0.0766

Notes: Data are shown as the number of participants (%). *p < 0.05.
Abbreviations: –, negative; +, positive; LBP, low back pain; MRI, magnetic resonance 
imaging.
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survey, the lifetime and 4-week LBP prevalence was 83% 

and 36%, respectively.3 Therefore, LBP is one of the com-

mon causes of disability. In the current study, we precisely 

defined the region of LBP, which seemed to be important for 

standardizing the study protocol for LBP.1,12 We also defined 

previous LBP as a history of medical consultation for LBP, 

which can exclude mild previous LBP. There was a significant 

difference in age between the two groups. Considering that 

disk degeneration progresses with advancing age,6 the analy-

ses performed in our study can be considered as appropriate.

The intraobserver and interobserver variabilities for each 

MRI finding were greater than moderate for all evaluated 

items.

MRI findings consistent with Pfirrmann grade ≥3, espe-

cially at the lower lumbar disk level, disk bulging, and HIZ 

were associated with previous LBP. Spondylolisthesis was 

not associated with previous LBP. There were significant dif-

ferences between the groups in terms of a Pfirrmann grade 

≥3, disk bulging, and HIZ according to the analyses adjusted 

by age and sex. The odds ratio of only the Pfirrmann grade 

≥3 was >10, ie, a Pfirrmann grade ≥3 is strongly associated 

with a history of previous LBP in those without current LBP.

Pfirrmann grading indicates the degree of disk degen-

eration.14 We divided the grading into two groups for the 

purpose of analysis. We regarded those with grades 1–2 as 

having no or little disk degeneration and those with grades 

3–5 as having some degree of disk degeneration. There 

have been many reports on the relationship between current 

LBP and disk degeneration;5–7 however, none have reported 

on the relationship between previous LBP and Pfirrmann 

grading. Videman et al10 showed that disk height narrowing 

was associated with previous LBP, but they did not use Pfir-

rmann grading. Since disk height narrowing was classified as 

Pfirrmann grade 5,14 this can be interpreted as implying that 

severe disk degeneration was associated with previous LBP. 

Although we included Pfirrmann grades 5, 3, and 4, which 

did not indicate severe disk height narrowing, our findings 

were almost consistent with the previous study’s findings in 

terms of disk degeneration.

Pfirrmann grade ≥3 at T12/L1, L3/4, L4/5, and L5/S1 

was associated with previous LBP. A large population study 

showed that disk degeneration was most commonly affected 

at L5-S1 and L4-L5,6 which corresponds with our findings. 

A mechanical study showed that the range of motion in the 

Table 4 Pfirrmann grade and disk bulging at each spinal level in groups with and without previous LBP that did not have current LBP

MRI findings Level Total, n = 91 Previous LBP (+)  
group, n = 27

Previous LBP (-)  
group, n = 64

p-value

Pfirrmann grade ≥3 T12/L1 18 (19.8) 9 (33.3) 9 (14.1) 0.0350*

L1/2 22 (24.2) 9 (33.3) 13 (20.3) 0.1851
L2/3 30 (33.0) 10 (37.0) 20 (31.3) 0.5917
L3/4 44 (48.4) 18 (66.7) 26 (40.6) 0.0232*
L4/5 56 (61.5) 24 (88.9) 32 (50.0) 0.0005*
L5/S1 56 (61.5) 23 (85.2) 33 (51.6) 0.0026*

Disk bulging (+) T12/L1 2 (2.2) 1 (3.7) 1 (1.6) 0.5245
L1/2 1 (1.1) 1 (3.7) 0 (0.0) 0.1216
L2/3 2 (2.2) 2 (7.4) 0 (0.0) 0.0277*
L3/4 5 (5.5) 4 (14.8) 1 (1.6) 0.0113*
L4/5 35 (38.5) 17 (63.0) 18 (28.1) 0.0018*
L5/S1 35 (38.5) 16 (59.3) 19 (29.7) 0.0081*

Notes: Data are shown as the number of participants (%). *p < 0.05.
Abbreviations: –, negative; +, positive;  LBP, low back pain; MRI, magnetic resonance imaging.

Table 5 Odds ratio, 95% CI, and p-value from univariate analyses and analyses adjusted by age and sex for magnetic resonance imaging 
findings of groups with and without previous LBP that did not have current LBP

MRI findings Univariate analyses Age-adjusted and sex-adjusted analyses

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Pfirrmann grade ≥3 12.7 2.43–234.18 0.0009* 10.5 1.78–202.09 0.0065*
Disk bulging 4.8 1.79–14.55 0.0015* 4.2 1.54–13.15 0.0047*
High-intensity zone 2.7 0.94–7.78 0.0652 3.1 1.05–9.42 0.0405*
Spondylolisthesis 7.9 0.96–163.50 0.0551 6.6 0.74–141.71 0.0923

Note: *p < 0.05.
Abbreviations: CI, confidence interval; LBP, low back pain; MRI, magnetic resonance imaging.
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lower lumbar segments was significantly smaller than that 

in the upper segments.18 The small range of motion at the 

intervertebral disk space can cause the load to increase at 

the disk, which can easily cause disk degeneration. This may 

be a reason why disk degeneration was more prominent at 

the lower lumbar disk levels than at the upper disk levels in 

the current study.

Disk bulging was associated with previous LBP. Regard-

ing each spinal level, disk bulging at the L2/3, L3/4, L4/5, 

and L5/S1 levels was associated with previous LBP. Although 

the p-values were inclined to be smaller at lower disk levels 

than at upper disk levels, previous LBP was associated with 

disk bulging at almost all the lumbar disk levels. Some stud-

ies have shown that disk bulging was frequently observed in 

asymptomatic subjects, and it was concluded that there was no 

relationship between disk bulging and current LBP,19,20 whereas 

another study of a meta-analysis showed a strong relationship.7 

As for previous LBP, Videman et al10 showed that disk bulging 

was not associated with previous LBP. Our findings were not 

consistent with previous findings in terms of disk bulging.

A systematic review of the relationship between MRI 

findings and current LBP showed that disk degeneration 

and disk bulging are associated with current LBP, especially 

in younger adults, and this relationship disappears in older 

populations.7 Although the study did not mention previous 

LBP, we can assume that older adults with disk degenera-

tion or disk bulging who do not have current LBP may have 

had LBP when they were younger. These results correspond 

with our findings.

The HIZ was often observed at the level of L4/5 and L5/

S1, and it was associated with previous LBP. There was a 

significant difference in the analyses adjusted by age and 

sex (p = 0.0405), although no significant relationship was 

found using the Fisher’s exact test and univariate analyses. 

Aprill and Bogduk16 reported a strong correlation between 

the annular high signal intensity zone and positive provoca-

tive discography. Some study has shown that the HIZ was 

associated with current LBP.21 Dongfeng et al22 performed 

a histological study on excised disks with a HIZ, and they 

concluded that the HIZ may be a specific signal for the 

inflammatory reaction of a painful disk. Conversely, other 

studies have shown that the HIZ was frequently observed in 

asymptomatic subjects.7,19,20 As for previous LBP, Videman 

et al10 showed that annular tear on axial MRI scans was 

associated with previous LBP. However, there has been no 

report on the relationship between the HIZ and previous LBP.

Spondylolisthesis was considered to be one of the findings 

of lumbar spine instability.23 Considering that instability of 

the lumbar spine can cause LBP, it was assumed that those 

who had spondylolisthesis were inclined to have LBP.24 

However, some reports identified no significant relationship 

between spondylolisthesis and current LBP.7,25 Furthermore, 

Hasegawa et al26 showed that the radiological findings of 

spondylolisthesis cannot indicate instability. However, there 

has been no report on the relationship between spondylolis-

thesis and previous LBP. In our study, only four participants 

who did not have current LBP had spondylolisthesis. Three of 

these had previous LBP, and only one did not have previous 

LBP. There was no significant relationship between spondy-

lolisthesis and previous LBP; however, this may be attributed 

to the small number of spondylolisthesis cases in our study.

One systematic review showed that HIZ and spondylolis-

thesis are not associated with current LBP, even in younger 

adults.7 Therefore, the aforementioned information about 

disk degeneration or disk bulging does not correspond with 

HIZ and spondylolisthesis.

While some chronic LBP patients show continuous pat-

tern, others have intermittent pattern.11 Therefore, there was a 

possibility that the participants in our study who had previous 

LBP without current LBP had chronic LBP as intermittent 

pain. They did not have LBP at the time of participation; 

however, they may suffer recurrent LBP in the future as a 

natural course in the intermittent LBP pattern. Based on the 

results of the current study, MRI findings consistent with 

Pfirrmann grade ≥3, disk bulging, and HIZ may be one of 

the predictive signs of recurrent severe LBP. Thus, we can 

selectively educate patients about preventing LBP.

There were some limitations to the current study. First, we 

did not evaluate end plate changes because we only analyzed 

sagittal T2-weighted images and T1-weighted images were 

unavailable, even though Modic change has been considered 

to be associated with LBP.5 In a population-based study on 

975 participants, Teraguchi et al27 showed that the combina-

tion of disk degeneration and end plate changes was highly 

associated with current LBP, whereas disk degeneration alone 

was not associated with current LBP. There is no previous 

report on the relationship between end plate changes and 

previous LBP, and we did not assess this relationship in our 

study. Second, we only analyzed sagittal images. Disk bulging 

and the HIZ can sometimes be visible at the posterolateral 

sides; however, these can be underestimated. Third, there was 

selection bias among our study participants, as they were 

volunteers from all types of employment at the hospital and 

did not represent the general population.

Conclusion
MRI findings consistent with Pfirrmann grading ≥3, espe-

cially at the lower lumbar disk level, disk bulging, and HIZ 
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were associated with previous LBP. In addition, spondylolis-

thesis was not associated with previous LBP. These findings 

may be one of the predictive signs of recurrent severe LBP.
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