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Objective  To investigate the correlation among age, disc morphology, positive discography, and prognosis in 
patients with chronic low back pain.
Methods  A total of 183 intervertebral discs in 72 patients with chronic low back pain were studied. Discography 
was performed using a pressure-controlled manometric technique. The pain reaction during discography at 
each level was recorded as follows: no pain, dissimilar pain, similar pain, or concordant pain. Discs with similar 
or concordant pain were classified as positive. All the examined discs were assessed morphologically using axial 
computed tomography imaging. The grade of general degeneration and annular disruption of the discs were 
assessed according to the Dallas discogram description (DDD). Intradiscal injection of steroid was tried for 
patients with symptomatic disc identified during provocative discography and who did not consent to surgical 
operation.
Results  There was a higher correlation between general degeneration and age, as compared with annular 
disruption and age. Higher general degeneration and annular disruption grades had higher positive rates of 
discography. However, annular disruption alone was independently associated with positive discography. Age 
and grade of general degeneration did not affect the prognosis.
Conclusion  The grade of general degeneration was associated with age, but it was not correlated with positive 
discography and prognosis. In addition, high grade of annular disruption correlated with positive discography.
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INTRODUCTION

Low back pain is a very common symptom and its life-
time prevalence is estimated at 70%–85% [1]. Various 
pathological structural changes in the lumbosacral re-
gion can become the pain source [2,3]. Discogenic back 
pain is pain originating from a damaged intervertebral 
disc and its prevalence is estimated at 30% of patients 



Correlation Between Disc Morphology and Results of Discography

341www.e-arm.org

complaining of chronic low back pain without radicular 
symptoms [3,4].

The diagnosis of discogenic back pain is based on the 
typical symptoms, physical examination, imaging study 
and results of discography. Structural abnormalities ob-
served on magnetic resonance imaging (MRI) indicate an 
increased probability of the disc as the source of low back 
pain [5,6]. However, the absence of abnormalities on MRI 
scans does not rule out the disc as the source of pain [7,8]. 
Discography is the only method to directly stimulate and 
assess the disc as a source of back pain. Discography with 
appropriate criteria can be useful tool for evaluating dis-
cogenic back pain [9,10].

Besides pain provocation, morphological evaluation of 
discs were performed with fluoroscopy during discogra-
phy and with computed tomography (CT) after discog-
raphy [11-13]. Several previous studies indicated that 
morphologically severe degenerative discs have higher 
positive rates of discography. Older patients tend to have 
more severe disc degeneration than younger patients [13]. 
However, older patients have a lower positive rate of dis-
cography despite the presence of more serious degenera-
tive disc changes [14]. Therefore, a degenerated disc does 

not necessarily result in a painful disc.
Until now, no study has researched the association be-

tween disc morphology and prognosis.
The aim of this study was to investigate the correlation 

among age, disc morphology, positive discography, and 
prognosis in the patients with chronic low back pain.

MATERIALS AND METHODS

Subjects
The study was approved by the Korea University Insti-

tutional Review Board in 2014. 
We retrospectively collected and analyzed data between 

May 2011 and April 2014. Total 183 intervertebral discs in 
72 patients were studied. All the patients had >3 months 
of axial low back pain with or without referred buttock 
or thigh pain despite conservative management. Exclu-
sion criteria were previous spine surgery, spinal fracture, 
tumor, infection, radiculopathy as the main symptom 
and severe cognitive impairment. All patients received 
lumbar CT scan after discography. Intradiscal injection 
of steroid was tried for patients with symptomatic disc 
identified during provocative discography and who were 

A B

C D

Fig. 1. General degeneration of 
Dallas discogram description. (A) 
Grade 0, no change. (B) Grade 1, 
local (<10%). (C) Grade 2, partial 
(<50%). (D) Grade 3, total (>50%).
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unwilling to accept surgical operation.

Discography protocol
We performed pressure controlled discography using 

a standard posterolateral approach with a 25-gauge spi-
nal needle. Once the needle was correctly positioned in 
the center of the disc, the needle was connected to the 
Automated Pressure-Controlled Discography (APCD) 
System (Cybermedic, Iksan, Korea) [15]. The contrast 
medium was injected slowly and pressure of injection 
was recorded. The patient was required to report if the 
pain produced was concordant with the accustomed pain 
together with its intensity. The pain reaction during dis-
cography at each level was recorded as follows: no pain, 
dissimilar pain, similar pain, or concordant pain. Injec-
tion was continued until pain was produced, contrast 
medium escaped from the disc, the volume of injection 
reached 3 mL, or pressure of injection reached 50 psi [10]. 
Discs with similar or concordant pain were classified as 
positive, and discs with no pain or dissimilar pain were 
classified as negative.

Morphological analysis
The axial images of post-discography lumbar CT were 

used to grade the extent of general degeneration and an-
nular disruption according to the Dallas discogram de-
scription (DDD) [12]. General degeneration was rated as 
0 when normal and progressed to 3 when contrast filled 
more than half of the annulus (Fig. 1). Annular disruption 
was graded as 0 when normal and progressed to 3 when 
contrast escaped beyond outer annulus (Fig. 2). Annular 
fissure toward the anterior of disc was not considered 
during rating of annular disruption.

Two independent observers who were blinded to the 
clinical and discographic findings of patients performed 
all measurements.

Treatment and outcome measure
Patients with positive discography were recommended 

for treatment with intradiscal steroid injection. For the 
patients who received intradiscal steroid injection, 20 mg 
of triamcinolone acetonide (total 0.5 mL) was injected 
slowly and gently into the center of the nucleus pulposus 
of the target intervertebral disc under fluoroscopic guid-
ance.

A B

C D

Fig. 2. Annular disruption of Dal-
las discogram description. (A) 
Grade 0, none. (B) Grade 1, into 
inner annulus. (C) Grade 2, into 
outer annulus. (D) Grade 3, be-
yond outer annulus.
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Baseline data was obtained before the procedure, and 
clinical outcome was determined by numerical rating 
scale (NRS) assessed at 3 months after the procedure.

Statistical analysis
Categorical data were compared by the chi-square test 

and linear by linear association. The spearman correla-
tion and binary logistic regression analysis was used to 
examine the correlation among age, grade of general 
degeneration, grade of annular disruption and positive 
discography. Multivariate linear regression analysis was 
performed to identify association among age, grade of 
general degeneration and prognosis. Statistical analyses 
were performed using SPSS Statistics ver. 20 software 

(IBM, Armonk, NY, USA). Significance was determined 
when the p-value was <0.05.

RESULTS

Sample characteristics
Discographies were performed on a total of 183 discs 

from 72 patients. Distributions of age, examined level 
and response of discography were shown in Fig. 3.

Correlation between morphology of disc and positive 
discography

In the case of general degeneration, the positive rates of 
grade 0, 1, 2, and 3 accounted for 0%, 34.3%, 57.9%, and 
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Fig. 4. Grade of general degeneration and rates of posi-
tive discography (linear by linear association=21.530, 
p<0.001). Positive discography is classified discs with 
similar or concordant pain. Grade 0, no change; grade 
1, local (<10%); grade 2, partial (<50%); grade 3, total 
(>50%).
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Fig. 5. Grade of annular disruption and rates of positive 
discography (linear by linear association=34.425, p<0.001). 
Positive discography is classified discs with similar or con-
cordant pain. Grade 0, none; grade 1, into inner annulus; 
grade 2, into outer annulus; grade 3, beyond outer annu-
lus.
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56.7%, respectively (p-value for linear by linear associa-
tion <0.001) (Fig. 4). In the case of annular disruption, 
the positive rates of grade 0, 1, 2, and 3 constituted 0%, 
5.9%, 33.3%, and 57.1%, respectively (p-value for linear 
by linear association <0.001) (Fig. 5). 

Correlation between age and disc morphology
There was a high correlation between general degen-

eration and age (r=0.376, p<0.001), as compared with an-
nular disruption and age (r=0.233, p=0.002).

Correlation among age, disc morphology, and positive 
discography

By binary logistic regression, annular disruption was 
independently associated with positive discography 
(Exp(B)=4.741, p<0.001) (Table 1).

Correlation among age, disc morphology, and clinical 
outcome

Data from 43 patients with only 1 symptomatic disc 
level were analyzed. All the discs of the patients had 
grade 3 annular disruption. Multivariate linear regression 
analysis was employed to determine the predictors of 
improvement on NRS score as dependent variable, and 
age and grade of degeneration as predictors. According 
to this model, age (p=0.682) and grade of degeneration 
(p=0.250) were not significant predictors of improvement 
on NRS score (Table 2).

DISCUSSION

Intervertebral discs are complex structures that consist 
of a thick outer fibrous ring, the annulus fibrosus, which 
surrounds an inner gelatinous center known as the nu-
cleus pulposus, which is further sandwiched between the 
inferior and superior cartilage end-plates.

The intervertebral disc is subjected to age-related mor-
phological, biochemical changes and degeneration. With 
advancing age, there is some decrease of proteoglycans 
and water within the nucleus pulposus, leading to poor 
hydrodynamic transfer of axial stress to the outer annu-
lus fibrosus. Abnormal distribution of axial stress results 
in the tearing of the annulus fibrosus, and is followed by 
reduced structural integrity of the disc [16-18].

Previous autopsy and imaging studies found that discs 
degenerate much earlier than other musculoskeletal tis-
sues. Miller et al. [19] found that about 20% of people 
in the second decade have discs with mild degenera-
tion that increase steeply with age in a study on autopsy 
specimens. MRI studies reported that disc degeneration 
was identified in about 20% of people without low back 
pain, but in up to 40% of people complaining of low back 
pain in the second decade [20,21]. Increase in frequency 
of degeneration was verified on follow-up imaging [21].

Earlier studies with discography combined with CT 
scanning investigated the relationships among age, 
disc morphology and the results of the discography. 
Vanharan ta et al. [13] found that painful discs have high-
er general degeneration and annular disruption scores, 

Table 1. Binary logistic regression model for positive discography according to age and disc morphology

B SE Wald df p-value Exp(B)
Age –0.015 0.015 1.035 1 0.309 0.985

Annular disruption 1.556 0.440 12.515 1 <0.001 4.741

General degeneration 0.076 0.255 0.089 1 0.765 1.079

Constant –3.878 1.250 9.622 1 0.002 0.021

p-value for Hosmer-Lemeshow test is 0.505.

Table 2. Multivariate linear regression model for improvement on numerical rating scale score according to age and 
disc morphology

B SE b t p-value
Age –0.008 0.019 –0.069 –0.413 0.682

General degeneration 0.401 0.344 0.194 1.167 0.250

Constant 2.000 0.947 - 2.112 0.041
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as compared to painless discs. Our data also showed that 
higher general degeneration and annular disruption 
grades had higher positive rates of discography. However, 
only annular disruption was independently associated 
with positive discography. Zhang et al. [14] found that 
older patients with low back pain have a lower positive 
rate of discography despite the presence of more serious 
degenerative disc changes. We found a higher correla-
tion between general degeneration and age, as compared 
with annular disruption and age. As previously stated, 
because annular disruption was independently associ-
ated with positive discography, there was no significant 
difference in positive rates between age subgroups.

Intradiscal steroid administration for discogenic low 
back pain has been studied previously, with initial posi-
tive results, but the studies were on heterogeneous pa-
tient populations and were generally not blinded [22,23]. 
Two randomized studies investigated the clinical ef-
fectiveness of intradiscal steroid injections. Intradiscal 
steroid injection therapy was supported by 1 study with 
a 6-month follow-up but not another study with 1-year 
follow-up [24,25]. Although only a palliative therapy, ow-
ing to its strengths of minimal invasion and simplicity, 
intradiscal steroid injection is selected by patients who 
are unwilling to accept surgery. However, increasing the 
frequency and dosage of intradiscal steroid injections 
may further aggravate disc degeneration, promote inter-
vertebral disc calcification, or cause iatrogenic infections 
[26,27].

Previously, no study examined the correlation between 
disc morphology and prognosis after intradiscal steroid 
injection. Our data showed that the grade of general 
degeneration does not affect prognosis. As a result, the 
grade of general degeneration has less clinical impor-
tance, as compared with annular disruption. Further-
more, grade of annular disruption can provide additional 
information in equivocal diagnostic situations.  

The limitations of this study were as follows. First, 
the number of patients was small and all subjects had 
chronic low back pain, hence the study subjects did not 
represent the general population. Second, because most 
examined discs were L3/4, L4/5, and L5/S1 level, the re-
sults might not be applicable to the L2/3 or higher level 
discs. Third, there was possible inter-observer and intra-
observer disagreement with morphological analysis.

The results of this study demonstrated that the grade of 

general degeneration was associated with age, but it was 
not correlated with positive discography and prognosis. 
High grade of annular disruption correlated well with 
positive discography.
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