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Diagnostic Usefulness of Degenerative Disc Disease
Using the CT Number and Disc Height

Tai-Soo Park'?, Sik Yoon'

lDeparz‘ment of Anatomy, College of Medicine, Pusan National University
2Department of Radiology, Daegu Wooridul Spine Hospital

Abstract : This study aimed to determine the prevalence of each grade of degenerative disc disease (DDD) and to
measure the height and computed tomography (CT) numbers of intervertebral discs in affected regions. A total of
412 patients (221 males and 191 females) who underwent magnetic resonance imaging (MRI) for back pain were
included in the study. DDD grades were classified, and disc heights were measured using three images from the
lumbosacral region. The CT number, measured in Hounsfield unit (HU), for DDD was obtained using CT scans.
The average age of the subjects was 49.47 years. In the disc between the 3" and 4" lumbar vertebrae, no significant
difference in degenerative grades was found between genders. However, in the disc between the 4™ and 5" vertebrae,
grade 3 was observed in 21.47% of male subjects, while grade 4 was found in 24.3% of female subjects (p<0.001).
Additionally, in the disc between the 5™ Jumbar vertebra and the 1* sacral vertebra, grade 4 was the most common
degenerative grade in both males (98 cases, 23.8%) and females (113 cases, 27.4%), with a significant difference
between genders (p <0.05). Regarding intervertebral disc height, discs in grade 1 measured 10.71 + 1.47 mm, those
in grade 2 measured 9.95 +1.35 mm, in grade 3 measured 9.65+ 1.62 mm, in grade 4 measured 8.70 +1.74 mm,
and in grade 5 measured 6.52 % 1.89 mm. This shows a trend of decreasing disc height as the degeneration grade
increased (p<0.001). Furthermore, the CT numbers according to the degenerative grade were 57.34+4.66 HU in
grade 1, 67.64+3.97 HU in grade 2, 75.75+£3.90 HU in grade 3, 86.51+6.14 HU in grade 4, and 112.48 £10.89
HU in grade 5, all showing significant differences (p<0.001). Based on the results of this study, disc height and CT
numbers (HU) could be clinically useful indicators for assessing the degree of DDD in Koreans.
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Fig. 1. Assessment of disc degeneration using the five-grade scale of Thompson. Grade I: Homogenous bright. Grade II: Horizontal dark band.
Grade III: Gray tone with dark stippling. Grade IV: Almost dark tone with bright stippling. Grade V: Total darkness or gross loss of disc height.
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Fig. 2. (A) Schematic illustration of the measurement methods used
in this study. (B) Measurement of the mid-height of the spinal disc
by drawing a line parallel to the upper and lower vertebral endplates.
A color version of this figure is available in the online journal.
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Fig. 3. Schematic illustration of the measurement methods used in this study. (A) CT numbers were measured on transverse plane images
closest to the center of the intervertebral disc in the sagittal plane (Red lines indicate reference lines for the transverse plane images). (B) Cross
section of the measurement location (Red circle marks the center of measurement). (C) Captured image show the positions of multi-plane re-
constructions based on the lumbar curvature. A color version of this figure is available in the online journal.

Fig. 4. (A) CT numbers were measured from transverse plane im-
ages obtained at three lumbosacral intervertebral disc levels in the
sagittal image (Red lines indicate reference lines for the transverse
plane images). (B) Axial CT image of the lumbar spine. The CT
number was measured using the free-line region of interest (ROI)
calculator in the INFINITT PACS system, as shown by the red circle
on the image (circle diameter: 10 mm). A color version of this figure
is available in the online journal.
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Table 1. Analysis of the frequency of disc degeneration grades by gender

Grades of disc degeneration

Gender Total p-value
I II 111 v \Y%

L3-L4 Male 17 88 81 34 1 221 0.083
Female 14 55 76 45 1 191

L4-L5 Male 15 49 88 65 4 221 0.000%**
Female 7 22 58 100 4 191

L5-S1 Male 6 26 79 98 12 221 0.017*
Female 9 19 42 113 13 191

The data were analyzed by a chi-square test. *p<0.05 and ***p<0.001.

Table 2. Comparison of CT numbers across degenerative disc grades

CT number (HU")

Grade N F Scheffe
Mean = SD Minimum Maximum

1(a) 63 57.34+£4.66 4394 66.42

11 (b) 259 67.64+397 58.33 79.78

Il (¢c) 424 75.775+£3.90 61.15 89.54 1221 .475%*%* a<b<c<d<e

IV (d) 455 86.51+£6.14 69.24 112.69

V(e) 35 112.48+10.89 92.88 136.20

"HU: hounsfield units
The data were analyzed by one way ANOVA. *#%p<0.001.

3. B}y SEE HF A 50|
- ! A Fute] R S50l meE AFAute] go] A
10 : — : i 7 153& 1071+ 147 mm, 2552 9.95+1.35mm, 3o
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Fig. 5. Comparison of CT numbers across degenerative disc grade, 452 4848+14.36M], S5HE 52.57£ 1244412 e}

showing that CT numbers increase with a higher grade. Data were U Ag o] Zvtof wat S30] S25HA =olx= AE H
analyzed using one-way ANOVA. A color version of this figure is o
available in the online journal. SA%H(p <0.001, Table 4, Fig. 7).
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Table 3. Disc height comparison by degenerative disc grades

Height (mm)
Grade N F Scheffe
Mean+SD Minimum Maximum
I(a) 63 10.71x£1.47 7.69 13.46
11 (b) 259 995+1.35 6.70 14.27
Il (¢) 424 9.65+1.62 5.63 14.71 68.403%%* a>b,c>d>e
1V (d) 455 8.70t1.74 437 13.65
V(e) 35 6.52+1.89 3.33 12.86
The data were analyzed by one way ANOVA. **¥*p<0.001.
Table 4. Comparison of degenerative disc grades by age
Age (years)
Grade N F Scheffe
Mean+SD Minimum Maximum

I(a) 63 3730+£16.48 20 72
11 (b) 259 38.69+£15.11 20 79
I (¢) 424 46.63+14.80 20 88 25.968%*** ab<c,d,e
IV (d) 455 48.48+14.36 21 85
V(e) 35 52.57+12.44 26 78
The data were analyzed by one way ANOVA. ***p <0.001.
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Fig. 6. Comparison of the intervertebral disc height across to degen-
erative disc grades, showing that disc height decreases as the grade
increases. Data were analyzed using one-way ANOVA. A color ver-
sion of this figure is available in the online journal.

Ayt 2ol CT number?] AASF= —0414, Y 5
23} CT number?] AHA4= 0.863 2.2 YEGTE wabA]
B3] 55T HSdul o], 281 HEUt o)<} CT
number= 723 9] ATHAAE ByoH, EPAd 552
CT number®] A= o3t 4o 4HaAE ok
(p<0.001, Table 5, Fig. 8).

Fig. 7. Comparison of degenerative disc grades by age, showing
that age increases with higher grade. Data were analyzed using one-
way ANOVA. A color version of this figure is available in the online
journal.
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(p<0.001, Table 6, Fig.9).



Table 5. Pearson’s correlation coefficient analysis of disk height,
CT number, and degenerative disc grades
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Table 6. Pearson’s correlation coefficient analysis of disk height,
CT number, and age

Variables Pearson’s correlation p-value Variables Pearson’s correlation p-value
Disc Height : Grade —0.934* Age : Disc Height 0.038 0.183
Disc Height : CT number —0414* 0.000 Age : CT number 0417* 0.000
CT number : Grade 0.863*
*Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.01 level (2-tailed).
85+ Error Bars: 95% Cl, +/-2 SE 12
120 1 Eror Bars: 95% CI, +/-2 SE 12 =y
z £
5 110 I I 1 5 80 E E E g
T 2 b
= ’g £ S
5 100 T e B E )
= 2 = Z 759 10 2
2 9% o ° - I E §
- 2 S $ ¢ s
Lé 80 = 8 & = 70 9
g 70 4 é
= =
60 I 6 =
< 20-29 30-39 40-49 50-59 60-69 70-79 80-89
50 5 Age group
i I m v v
Grade Fig. 9. Pearson’s correlation coefficient analysis of intervertebral

Fig. 8. Pearson’s correlation coefficient analysis of intervertebral
disc height, CT number and degenerative grades. Significant correla-
tions were observed between degenerative grade, disc height, and
CT number. Data were analyzed using Pearson’s correlation coeffi-
cient. A color version of this figure is available in the online journal.
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disc height, CT number, and age. No significant correlation was
found between age and intervertebral disc height, while a significant
correlation was observed between age and CT number. Data were
analyzed using Pearson’s correlation coefficient. A color version of
this figure is available in the online journal.
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