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Study Design: Cross sectional study.
Purpose: The study aimed to analyze mechanisms underlying chronic low back pain (CLBP) using magnetic resonance imaging (MRI) 
T2 mapping of the intervertebral disc (IVD).
Overview of Literature: MRI T2 mapping utilizes the T2 values for quantifying moisture content and collagen sequence breakdown. 
We previously used MRI T2 mapping for quantifying the extent of IVD degeneration (IVDD) and showed a correlation between the 
degeneration of the posterior annulus fibrosus (AF) and CLBP.
Methods: We enrolled 40 patients with CLBP (17 males, 23 females; mean age, 50.8±1.6 years; range, 22–60 years). IVDs were cat-
egorized as the anterior AF, nucleus pulposus (NP), and posterior AF, and T2 value for each disc was measured. T2 values, assessed 
using the Japanese neuropathic pain (NeP) screening questionnaire, of the NeP and nociceptive pain (NocP) groups were compared.
Results: T2 values of the NocP and NeP groups were 64.7±5.6 ms and 58.1±2.3 ms for the anterior AF; 67.0±4.6 ms and 59.6±2.1 ms 
for NP; and 70.7±4.6 ms and 51.0±1.2 ms for the posterior AF, respectively. T2 values for IVDD were significantly lower in the NeP 
group than those in the NocP group (p<0.01).
Conclusions: The results indicate a correlation between the degeneration of posterior AF and NeP. MRI T2 mapping may be benefi-
cial for detecting NeP caused by IVDD and can help formulate targeted analgesic therapies.
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Introduction

Low back pain (LBP), a frequently observed condition, 
is one of the most serious physiological issues worldwide 
[1]. Various problems in any part of the complex such 
as the interconnected network of spinal muscles, bones, 
discs, nerves, or tendons in the lumbar spine can cause 

LBP. Intervertebral disc (IVD) degeneration (IVDD) is 
considered to be the primary condition causing LBP [2]. 
Many studies have reported on discogenic LBP consider-
ing its pathology, diagnosis, and treatment; however, the 
underlying mechanism and treatments are still to be eluci-
dated. Reportedly, discography is used for supporting the 
diagnosis of discogenic pain; however, it has a high false-
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positive rate [3] and is associated with risks that accelerate 
IVDD [4].

Pain symptoms including LBP are classified into two 
broad categories based on the mechanism of pain: neuro-
pathic pain (NeP) caused by nervous system injury and 
nociceptive pain (NocP) caused by tissue-injury and/or 
inflammation [5,6]. Since different type of pains require 
different treatment approaches [7], early identification of 
NeP involvement in patients with chronic pain is crucial 
for appropriate management [8].

Magnetic resonance imaging (MRI) is an important 
modality for diagnosing degenerative IVD. Signal varia-
tion of the discs observed on T2-weighted images corre-
sponds to the disc age and degeneration and allows for the 
determination the extent of disc degeneration. Specifically, 
since MRI signal strength is associated with moisture and 
proteoglycan content, changes in the MRI signal strength 
of the nucleus pulposus (NP) can indicate IVDD [9,10]. 
IVDD has been classified using T2-weighted images using 
the classification system described by Pfirrmann et al. [11], 
but since this classification is based on visual evaluation, 
quantifying disc degeneration using this strategy is un-
clear. Recently, several attempts have been made to utilize 
MRI T2 and MRI T1p mappings for quantifying lumbar 
disc degeneration [12-15]. MRI T2 mapping utilizes T2 
relaxation time for quantifying moisture content and col-
lagen sequence breakdown. Previously, we used MRI T2 
mapping for quantifying the extent of IVDD and demon-
strated a significant correlation using the Pfirrmann clas-
sification [14]. Furthermore, we quantitatively evaluated 
IVDD with MRI T2 mapping and demonstrated a correla-
tion between the degeneration of the posterior annulus 
fibrosus (AF) and chronic LBP (CLBP) [15].

Thus, this study aimed to analyze pain mechanisms un-
derlying discogenic LBP using MRI T2 mapping.

Materials and Methods

The institutional review board of the Sapporo Medical 
University approved this study (IRB approval no., 262-
1074). All subjects were provided with written and verbal 
explanations of the study prior to obtaining their consent 
before participating in the study.

1. Participants

This study enrolled patients with non-specific CLBP, 
which was defined as pain, stiffness, and discomfort of the 
lower back from the 12th rib to the lumbar or lumbosa-
cral area, whose source was difficult to identify, and whose 
symptoms persisted even following conservative treat-
ment including medication or therapeutic exercise for >3 
months. Patients with neoplasm, infection, fracture, or a 
history of lumbar vertebral surgery were excluded. Ad-
ditionally, patients with neurologic symptoms of the lower 
leg or obvious instability, which could be identified as a 
source of LBP and may improve with surgical treatment, 
were excluded. Intervertebral instability was defined as a 
sagittal posterior opening of >5° on flexion/extension ra-
diographs or a translation of >3 mm or segmental motion 
of >20°. The severity of LBP was assessed using the Visual 
Analog Scale (VAS, 0–100) and Japanese NeP Screening 
Questionnaire after 4 weeks of a washout period of at 
least 4 weeks [16] (Table 1). Patients with a Japanese NeP 
Screening Questionnaire score of ≥4 and <4 points were 
categorized in the NeP and NocP groups, respectively.

Standard VAS scores for diagnosing patients with LBP 
are not clearly defined. A previous study diagnosed LBP 
when the VAS score of patients was >30 mm; therefore, 
in this study, patients with VAS scores were >30 mm were 
diagnosed with LBP. Patients underwent MRI to detect 

Table 1. Questions on the nature of pain

Question None Slight Moderate Severe Very severe

Q1. Pinprick-like pain 1 1 1 1 0

Q2. Electric shock-like pain 0 0 0 0 1

Q3. Tingling burning pain 0 1 1 1 1

Q4. Pain with strong numbness 0 1 1 1 1

Q5. Only a light touch with clothing or cold wind causes a pain 0 1 3 3 3

Q6. Site of pain has decreased or increased sensation 0 1 1 1 1

Q7. Site of pain shows skin swelling and/or discoloration to red or purple 0 0 0 1 1
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disc degeneration. The clinical radiologist examined and 
graded MRI T2-weighted images of the five lumbar discs 
in the midsagittal section as I to V using the Pfirrmann 
classification [11]. Patients who had disc degeneration 
at L4–5 level of grade III to V were screened. Other disc 
degenerations were graded I to II, as it is likely that L4–5 
disc degenerations are the source of discogenic LBP. Final-
ly, 40 patients (17 males, 23 females; mean age, 50.8±1.6 
years; range, 22–60 years) were enrolled. The distribution 
of T2-weighted image-based Pfirrmann grade classifica-
tions was as follows: grade III, 16 discs; grade IV, 21 discs; 
and grade V, 3 discs.

2. Magnetic resonance imaging T2 mapping

In this study, previously described MRI protocol and anal-
ysis methods were used for MRI T2 mapping [14,15]. MRI 
examinations were performed using a 1.5 Tesla whole-
body scanner (Signa HDxt; GE Healthcare, Milwaukee, 
WI, USA) using a spine coil. Briefly, a T2 map was created 
using T2 values in the midsagittal section from sagittal 
sections centered on the lumbar midline region with an 

optimized 8 echo multi-spin echo (repetition time/first 
echo time [TE], 1,000/14.8; last echo TE, 118.6; receiver 
bandwidth, ±15.63 kHz; field-of-view, 22 cm; matrix, 
320×256; slice thickness/gap, 4 mm/4 mm, 5 slices; num-
ber of excitations, 2; total scan time, 8 minutes and 34 sec-
onds) obtained using the Advantage Workstation (version 
4.4, Functool; GE Healthcare). However, first echo from 
the multi-spin system was excluded so as to minimize the 
effect of the stimulated echo. The T2 map was determined 
in each pixel from the signal intensity (SI) in the respective 
TE using the following formula: SI 1⁄4 e_TE=T2.

For assessment, the IVD was divided into five equal 
areas based on previous studies: the front fifth was desig-
nated as the anterior AF, the middle fifth as the NP, and 
the last fifth as the posterior AF [14,15]. Mean T2 values 
in the region of interest (ROI) were measured by a re-
searcher (H.T.) using the MedCalc ver. 10.2.0.0 (MedCalc 
Software, Mariakerke, Belgium) (Fig. 1). The number of 
pixels for the selected ROI was a minimum of 152 and a 
maximum of 416. Second-echo images of MRI T2 map-
ping of patients with NocP and those with NeP are pre-
sented in Fig. 2A and 2B, respectively.

Fig. 1. In the second-echo image, the disc was divided into five areas, 
designating the front as the anterior AF, the middle as the nucleus 
pulposus, and the last as the posterior AF (A). Mean T2 values in this 
region were measured (B). AF, annulus fibrosus.

Fig. 2. The second-echo image of magnetic resonance imaging T2 
mapping of patients with nociceptive pain (A) and those with neuro-
pathic pain (B).

A
A

B
B
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3. Statistical analysis

T2 values of the NeP and NocP groups were compared. 
Demographic data concerning the number of males and 
females were analyzed using the chi-square test. Differ-
ences among groups were compared using the Mann–
Whitney U-test. A p-value of <0.05 indicated statisti-
cal significance. All numerical data are expressed as 
mean±standard error of the mean.

Results

As shown in Table 2 and Fig. 3, the patients were cat-
egorized into the NocP (n=25) and NeP (n=15) groups. 
The study cohort comprised an almost equal number of 
males and females, with no significant difference (p=0.80). 
Moreover, mean age was not statistically significant be-
tween the groups (p=0.62). Average values of NeP scores 
were 2.1±0.2 and 5.8±0.3 in the NocP and NeP groups, 
respectively.

T2 values for IVD in the NocP and NeP groups are 
shown in Fig. 4. T2 values for the NocP and NeP groups 
were 64.7±5.6 ms and 58.1±2.3 ms for the anterior AF (Fig. 

4A), 67.0±4.6 ms and 59.6±2.1 ms for NP (Fig. 4B), and 
70.7±4.6 ms and 51.0±1.2 ms for the posterior AF, respec-
tively (Fig. 4C). T2 values for IVD were significantly lower 
in the NeP group than those in the NocP group for the 
posterior AF (p<0.01).

Discussion

Non-specific LBP is estimated to account for >85% of all 
LBP cases [1]. IVDD was previously considered to be the 
source of non-specific LBP. Schwarzer et al. [17] suggested 
that 39% of CLBP patients had a discogenic origin of their 
pain. LBP, which was characterized by pain aggravation 
in a flexure posture, provided an insight to guide diag-
nosis, but such findings are less objective and specific. 
Furthermore, the diagnosis of neuropathic components in 
LBP is more difficult considering that there exists no gold 

Table 2. Patient demographic data concerning the sex, age, NeP score

Characteristic NocP (n=25) NeP (n=15) p-value

Sex (male:female) 11:14 6:9 0.80a)

Age (yr) 49.3±2.0 52.4±1.4 0.62b)

NeP score (points) 2.1±0.2 5.8±0.3 <0.01b)

Values are presented as mean±standard error of the mean.
NeP, neuropathic pain, NocP, nociceptive pain.
a)By chi-square test. b)By Mann–Whitney U-test.
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Fig. 3. Distribution of NeP score. Patients were categorized into NocP 
(n=25) and NeP (n=15) groups. NeP, neuropathic pain, NocP, nocicep-
tive pain.
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Fig. 4. Comparisons of T2 values for the NocP and NeP groups. T2 values for the anterior AF (A), NP (B), and posterior AF (C) in the NeP group were 
lower than those in the NocP group; T2 values for the posterior AF significantly differed between the groups. NocP, nociceptive pain; NeP, neuro-
pathic pain; AF, annulus fibrosus. *p<0.01.
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standard examination for such diagnoses. The diagnos-
tic value of clinical interview, physical examination, and 
imaging analysis has not been well documented. Previous 
studies show that NeP is often underdiagnosed and un-
dertreated [18]. Therefore, no specific diagnostic method 
has been established; as a result, diagnosis and subsequent 
treatment of this condition is difficult.

MRI is an important imaging technique for diagnosing 
structural changes in the spinal column. Recent stud-
ies have attempted to quantitatively assess and associate 
IVDD with LBP using MRI techniques such as MRI T2 
mapping and MRI T1p mapping [12-14]. In studies using 
MR relaxometry, increased disc moisture or glycosamino-
glycan content, the primary component of proteoglycan, 
is associated with increased T2 values whereas increased 
collagen content is associated with decreased T2 values 
[19]. Recently, some studies have reported that T2 values 
for the AF decrease with disc degeneration. Welsch et al. 
[20] demonstrated that the spatial variation (defined by 
an increase in T2 values from the AF to the NP) was the 
highest for Pfirrmann grade I IVDD and reduced with in-
creasing Pfirrmann grade (II to IV) IVDD. They explained 
that the AF is composed of fibro-cartilage and functions 
as a rigid containment for the NP owing to its fibrous 
structure comprising collagen lamellae and low moisture 
content. With IVDD, the collagen lamellae of the AF in-
creases in thickness and becomes fibrillated. Therefore, the 
fibrillated collagen of the AF is associated with a decrease 
in T2 values. In the present study, we used MRI T2 map-
ping of IVD in patients with CLBP to quantitatively in-
vestigate a difference between the NocP and NeP groups. 
The results revealed that T2 values for posterior AF were 
significantly lower in the NeP group than those in the 
NocP group. Sinuvertebral nerves originate from spinal 
nerve roots and are distributed around the posterior AF 
region. Thus, this area is richly innervated. Freemont et al. 
[21] reported that the presence of sensory nerve fibers in 
the deeper layer of the AF may result in discogenic LBP 
in patients with IVDD. In addition, Kojima et al. [22,23] 
reported that sinuvertebral nerves innervate both the 
shallow and deep layers around the posterior longitudinal 
ligament area. As deep-layer fibers are segmentally located 
in intervertebral areas of the posterior longitudinal liga-
ment, these fibers control posterior fiber rings. Nakamura 
et al. [24] reported that when sympathetic nerve trunks 
were removed from rats, the intervertebral posterior 
nerve decreased, suggesting that intervertebral posterior 

nerve fibers pass through the sympathetic nerve trunk. 
Ohtori et al. [25,26] anteriorly inserted needles with nerve 
tracers into rat IVDs and demonstrated that the poste-
rior AF was controlled by sinus spinal and sympathetic 
nerves. Using rat models of IVD compression and injury, 
Miyagi et al. [27] demonstrated that repetitive trauma or 
mechanical stress resulted in a long-lasting increase in the 
levels of inflammatory mediators in IVD and this increase 
may eventually lead to the pathogenesis of inflammatory 
pain and long-lasting increase in calcitonin gene-related 
peptide expression in the sensory nervous system. This 
could contribute to pain state, neuronal damage, and 
nerve regeneration, ultimately aiding NeP pathogenesis. 
Lower T2 values for the posterior AF implied a more se-
vere degeneration. Therefore, results of this study implied 
that the degeneration of the posterior AF, which is richly 
innervated with afferent nerve fibers, is more severe in the 
NeP group than that in the NocP group.

The prevalence of NeP was 37.5% (NocP: n=25; NeP: 
n=15) in this study. A nationwide study in Japan previ-
ously reported that 53.3% of patients with chronic pain 
related to spine-related disorders presented with NeP, and 
29.4 % of patients with LBP were diagnosed with NeP [28]. 
This high ratio highlights the necessity to appropriately 
identify NeP in such patients to facilitate appropriate and 
early treatment. In clinical settings, the findings of this 
study have important implications for formulating tar-
geted analgesic therapies. Accurate understanding of the 
mechanism underlying CLBP and appropriate prescrip-
tion may result in better patient-oriented pain control. 
Invasive discography has been conventionally used to 
evaluate discogenic LBP and can cause pain due to the 
injection of contrast fluid between IVDs and has a high 
false-positive rate. Therefore, invasive discography is not 
entirely suitable as a modality for identifying the source of 
LBP [3,29,30]. Moreover, discography has been reported 
to cause the progression of IVDD [4]. To the best of our 
knowledge, there are no reports regarding the efficacy of 
discography for the diagnosis of NeP. Meanwhile, MRI T2 
mapping is a noninvasive quantitative evaluation modality 
that offers high reproducibility in contrast to discography. 
The results of the present study suggest that MRI T2 map-
ping is a quantitative method for diagnosing discogenic 
pain considering NeP.

This study has several limitations. The Japanese NeP 
screening questionnaire used in this study may be an 
inadequate diagnostic utility for detecting NeP caused 
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by spinal disorders [31]. Further studies utilizing an NeP 
screening tool that specializes in detecting NeP caused by 
spinal disorders such as the Spine painDETECT question-
naire are warranted [32]. Moreover, there is no evidence 
justifying that non-specific LBP in the patients enrolled in 
this study originates from L4–5 disc degeneration.

Conclusions

The results indicate an association between the degenera-
tion of the posterior AF and NeP. This study suggested 
that MRI T2 mapping is beneficial for detecting NeP 
caused by IVDD and formulating targeted analgesic ther-
apies.
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