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Abstract:

Introduction: Intervertebral disk degeneration is a universal and natural process. However, no reports have summarized
anatomical age-related intervertebral disk height and disk degenerative changes in the thoracolumbar spine or examined sex-
specific differences. This study aimed to establish age-related changes and gender-specific differences of intervertebral disk
height and disk degeneration of the thoracolumbar spine in a large cohort of relatively healthy subjects and also to evaluate
the relationship between the degree of thoracolumbar disk height and disk degeneration.

Methods: Six hundred and twenty-seven relatively healthy subjects (307 males and 320 females; average age, 49.6+16.5
years) were enrolled. We included at least 50 males and 50 females in each decade of life between the 20s and the 70s. We
measured intervertebral disk height from T10/T11 to L5/S1, vertebral body height from T10 to S1 on lateral neutral radio-
graphs. Lumbar disk degeneration was defined according to the Pfirrmann classification in sagittal plane magnetic resonance
imaging.

Results: Age-related decreases in intervertebral disk height were most prominent at L4/L5 in middle-aged and elderly in-
dividuals of both sexes. The grade of disk degeneration significantly increased with age in both genders at every level. Mild
disk degeneration was observed even in the 20s. The disk degeneration occurred around the L4/L5 level. Although grade V
disk degeneration was not identified for males in the 20s and the 30s, it appeared after the 40s and then increased further
with age. The intervertebral disk height at the lower lumbar disks decreased with a progression in the disk degeneration
grade in both genders.

Conclusions: This large-scale cross-sectional analysis of the thoracolumbar spine in relatively healthy subjects demon-
strated that lumbar disk height narrowing progresses with age and is correlated with the progression of disk degeneration.
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Introduction physicians to assist in the clinical diagnosis of disk degen-

eration™. To facilitate communication between clinicians re-

As a part of aging one of the universal and natural proc-
esses in the human body is intervertebral disk degeneration,
which leads to loosing of elasticity of the disk due to dimin-
ished proteoglycans and water retaining molecules in the
disk. As the water in the disk reduces, the capacity of the
disk to resist compression and torque also reduces impairing
the disk height and structural integrity".

Magnetic resonance imaging (MRI) is routinely used by

garding the degree of disk degeneration in patients, several
MRI-based metrics have been developed; among them is the
gold-standard Pfirrmann et al” 5-grade system, which men-
tions that the disks could be rated by independent raters
with reasonably high confidence and reproducibility devel-
oped by Urrutia et al”.

Visual assessment of disk height and other features seen
in T2 weighted images is included in this classification. A
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lower score is given if a nominal height is maintained, pro-
vided that other aspects of the visual inspection comple-
mented that finding. The association between disk height
loss and degeneration is also documented by several other
studies™”.

Although the intervertebral disk height is estimated to de-
crease with age-related degeneration, few studies have evalu-
ated the relationship between intervertebral disk height and
degeneration of disk in a large age- and sex-balanced co-
hort”. Such extensive data would enable individualized treat-
ment on the basis of the patient’s age and sex. Nevertheless,
to the best of our knowledge, there are no reports that have
summarized anatomical age-related intervertebral disk height
and degenerative disk changes in the thoracolumbar spine or
examined sex-specific differences.

Thus, to investigate the relationship between intervertebral
disk height and thoracolumbar spine disk degeneration, we
conducted a large sex- and age-balanced cohort study of 627
relatively healthy volunteers. This study primarily aimed to
establish age-related changes and gender-specific differences
of intervertebral disk height and thoracolumbar spine disk
degeneration of relatively healthy subjects in a large cohort.
Additionally, we evaluated the relationship between the de-
gree of the thoracolumbar disk height and disk degeneration.

Materials and Methods

Study population

After obtaining the approval from the institutional review
board of Chubu Rosai Hospital (IRB approval no., 2009-2)
and officially announcing the study purpose, we recruited
relatively healthy Japanese volunteers who provided written
informed consent. Sensory or motor symptoms such as
clumsiness, numbness, weakness, and gait disturbance; se-
vere low back pain; spinal trauma or congenital spinal de-
formity history; brain or spinal surgery history; and neuro-
logical diseases like neuropathy and cerebral ischemic dis-
ease and neuropathy along with females with pregnancy,
worker’s compensation received by individuals or presenting
with symptoms post motor vehicle accident, and those in
whom there was difficulty in examining the sagittal radio-
graph parameters of lumbosacral transitional anomalies or
spinal malformations were excluded from the study. Visual
analog scale measurements of the lower back, buttock, and
leg pain were taken before deciding on the inclusion of pa-
tients in this study and excluded cases with severe pain any-
where above 80 mm as cases with severe pain®. Finally, a
total of 627 relatively healthy subjects (307 males and 320
females; mean age, 49.6+£16.5 years) with appropriate imag-
ing results were enrolled; at least 50 subjects from each sex
were included in the following age groups: 20-29, 30-39,
40-49, 50-59, 60-69, and 70-79 years (Table 1).

To measure the body height of vertebrae and interverte-
bral disk height, we obtained lateral neutral thoracolumbar
radiographs with the subject in the recumbent position. We
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Table 1. Demographics of Healthy Subjects at Present
Study.
Decade Males Females
20s Number 50 52
Age (years) 26.0+£2.3 25.0£2.7
Body height (cm) 171.3+£6.3 158.8+5.5
Body weight (kg) 65.1£9.9 51.3+£5.6
BMI (kg/m?) 22.2+29 20.4+1.8
30s Number 51 50
Age (years) 35.0+£3.0 35.0+£3.0
Body height (cm) 170.4+6.0 159.1+6.5
Body weight (kg) 67.2+10.9 52.5£7.3
BMI (kg/m?) 23.1+3.2 20.7+2.6
40s Number 50 57
Age (years) 44.5+3.1 44.8+3.0
Body height (cm) 172.9+5.1 156.4+5.7
Body weight (kg) 71.7£13.5 54.2+8.8
BMI (kg/m?) 23.9+4.4 22.2+3.7
50s Number 56 51
Age (years) 54.2+2.7 53.7+2.5
Body height (cm) 168.3£5.8 156.4+4.9
Body weight (kg) 68.5+£9.6 54.849.5
BMI (kg/m?) 24.1+3.1 22.4+3.9
60s Number 50 60
Age (years) 64.5+2.9 64.7+3.1
Body height (cm) 166.1+6.1 154.5+5.5
Body weight (kg) 63.8+£7.5 52.3+7.7
BMI (kg/m?) 23.1+2.3 21.9+3.2
70s Number 50 50
Age (years) 73.3+£2.6 73.2+2.6
Body height (cm) 165.4+5.8 151.9+4.7
Body weight (kg) 64.0+£6.8 51.5+7.2
BMI (kg/m?) 23.5+2.5 22.3+2.8
Total Number 307 320
Age (years) 49.7+16.4 49.6+16.7
Body height (cm) 169.1+6.4 156.1+6.0
Body weight (kg) 66.7+10.2 52.8+7.9
BMI (kg/m?) 23.3+3.2 21.7+3.2

Values given are means=+standard deviation unless otherwise specified.
BMI indicates body mass index.

measured the vertebral body height at the anterior wall, cen-
ter, and posterior wall at each vertebral level (from T10 to
L5) and intervertebral disk height at the anterior edge, cen-
ter, and posterior edge at each disk level (from T10/T11 to
L.5/S1)”. 1.5-Tesla superconducting magnet (Signa Horizon
Excite HD version 12; GE Healthcare, UK) was used to per-
form MRI scans. We obtained MRI to evaluate the degree of
disk degeneration. Slice thicknesses of 3 and 4 mm in the
sagittal and axial planes, respectively, were done to perform
the scans. In the sagittal scans, T1-weighted images [fast
spin-echo repetition time (TR), 450 ms; echo time (TE), 13
ms], and T2-weighted images (fast spin-echo TR, 4,000 ms;
TE, 85 ms) were obtained. Axial scans were performed by
using T2-weighted images (fast spin-echo TR, 4,000 ms;
TE, 102 ms). All the images were transferred to a computer
in Digital Imaging and Communications in Medicine format,
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ment of lumbar disk degeneration grade using the Pfirrmann

Algorithm for the grading system and assess-

classification system.

and under the supervision of a certified spine surgeon, an
experienced radiation technologist measured each parameter
using Osiris 4 imaging software (Icestar Media Ltd, Essex,
UK) as described previously'™ .

We evaluated disk degeneration at thoracolumbar spinal
levels, including T10/T11, T11/T12, T12/L1, L1/L2, L2/L3,
L3/L4, L4/L5, and L5/S1. According to the grading system
proposed by Pfirrmann et al (Supplemental Table 1)*'. Two
spine surgeons (F.K. and K.S.) graded the degree of disk de-
generation into five grades using T2-weighted neutral sagit-
tal images. We defined lumbar disk degeneration according
to the Pfirrmann classification system (Fig. 1). We assessed
the disk degeneration grade between decades or gender at
the eight levels (from T10/T11 to L5/S1).

To reduce the potential influence of physique such as
body height, the absolute value of the actual measurement
was adjusted by the parameters of the same individual. We
proposed a measurement termed the disk index. The ratio of
disk height to vertebral body height is defined as disk index
and was calculated to evaluate the narrowing of the disk
space using the formula: [(intervertebral disk height at the
center)/(vertebral body height at the center) x 100%]. We
calculated the disk index from T10/T11 to L5/S1 levels us-
ing the cranial vertebral body height and assessed the L5/S1
level using the L5 vertebral body height.

Statistical analysis

SPSS software version 27.0 (IBM Corp., Armonk, NY,
USA) was used for analyses of data, and mean + standard
deviation was used to express all values. For nonparametric
analysis of differences between males and females, the
Mann-Whitney U-test was used, and p<0.05 was considered
statistically significant.
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Results

Table 1 mentions the descriptive characteristics including
height, weight, and body mass index; this figure shows that
body height tends to decrease with increasing age.

Vertebral body height at the anterior wall, center, and pos-
terior wall gradually increased from T10 to L3; the shortest
height was at T10, and the longest was at L3 or L4 or LS in
all age groups and both sexes. In all the age groups, the ver-
tebral body heights were shorter in females than in males.
The height at the anterior wall, center, and posterior wall
slightly decreased with increasing age in both sexes, at most
vertebral levels. The height at the center was shorter com-
pared with that at the anterior and posterior walls. The ver-
tebral body height at the posterior wall was longer than that
at the anterior wall in the thoracolumbar region from T10 to
L2 (Table 2, 3).

The intervertebral disk height at the anterior edge, center,
and posterior edge gradually increased from T10/T11 to L4/
L5 or L5/S1; the shortest height was at T10/T11, and the
longest was at L3/L4 or L4/L5 or L5/S1 in all age groups
and both sexes. In females, the disk heights at most disk
levels were shorter than in males. In middle-aged and eld-
erly individuals of both sexes, age-related decreases in disk
height were most prominent at L4/L5 at the center and pos-
terior edge. The height at the posterior edge was shorter
than that at the anterior edge and center. The intervertebral
disk height at the anterior edge increased gradually with in-
creasing age in both sexes, except in the 70s. The interverte-
bral disk height at the center decreased gradually with in-
creasing age in both sexes, at the lower lumbar disks. The
intervertebral disk height at the posterior edge did not re-
markably change with age in either sex, except the lower
lumbar disks (Table 4, 5).

Disk index gradually decreased with increasing age in
middle-aged and elderly individuals in males, with the L4/
L5 level being the most prominent. Males in their 70s had
multiple levels of intervertebral disk narrowing when com-
pared with females. Unexpectedly, the disk index in females
did not change with age (Table 6).

At every age level in both genders, the grade of disk de-
generation at the lumbar level increased. We observed that
even in the 20s, there was mild disk degeneration. Although
Grade V disk degeneration was not identified for males who
were in their 20s and 30s, it appeared for males in their 40s
and then increased further with age. The first and second
most severely degenerated disks in every decade were L4/
L5. The disk degeneration occurred around the L4/L5 level
(Fig. 2).

In both the genders along with disk degeneration grade,
the disk index from L2/L3 to L5/S1 levels also decreased.
The disk index from T10/T11 to L1/L2 levels did not
change with a progression in the disk degeneration grade in
both genders. There was a significant difference between
genders in grade I from the L3/L4 to L5/S1 levels; the disk
index in females was lower than in males (p<0.05 to p<
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Table 2. Vertebral Body Height at Each Vertebral Level in Males on Lateral Plain Radiography
(mm).

Decade 20s 30s 40s 50s 60s 70s Total

Anterior wall ~ T10 27.4+22 27.6+2.0 27.4+19 27.1+23 263%1.8 263+2.1 27.0+£2.1
T11 28222 28.4+2.1 28324 27.5+2.1 26.7+2.1 27.1x22 27.7+23
T12 292425 29.8+1.9 295425 28.8+1.9 28.3+23 28.6x24 29.0+2.3
L1 30.7#2.2  31.1+2.1  31.2#23  30.6x2.0 29.6+2.1 29.9+2.8 30.5+2.3
L2 33.0+2.1 33321 33.5%2.2 32.4+£2.1 31.3+23 31.6£3.2 32.5+2.5
L3 34.0+2.3 34719 34524 33.8+£25 32728 32.6x2.4 33.7+2.5
L4 33.9+1.9 34.4+22 34524 33.9+22 329+2.6 32.0+32 33.6+2.6
L5 349+2.4 357+2.4 352+2.6 34.5+3.1 33.7£2.8 33.1x2.9 34.5+28
Center T10 26.4%19 263+2.0 26.6+1.8 262+2.0 25.6x1.7 259+1.7 26.2+19
T11 28.1+2.0 28.2+1.8 28.0£2.0 27.6x1.9 27.3x1.6 27.3x1.8 27.7x19
T12  30.0+2.1 30.6x1.8 30.1+2.2 29.5+1.8 29.1+x1.7 29.3x1.8 29.8+2.0
L1 31.8+2.0 32.1%1.7 32119 31519 30.7+1.6 30.8+2.2 31.5+2.0
L2 324+1.8 32.7+1.6 33.0£2.1 31.9+2.1 31.1x1.8 32.1+x25 322+2.1
L3 32.8+1.8  33.2+1.8 333+23 32.6+2.4 31.9+2.1 322423 32.7+2.2
L4 33.2+1.7 33.6x1.6 33.5+2.5 32725 31.9+2.6 32.3x2.7 32.9+24
L5 325423 33321 323+£3.0 31.9+#3.1 31.0£2.6 31.6x2.6 32.1+2.7
Posterior wall  T10  28.4+2.1 29.1+2.1  28.6x2.3  28.4+2.1 28.1+2.1 279422 28.4+2.2
T11 30.9+23 31323 30924 30.6x24 30.3x23 304+2.6 30.7+2.4
T12 33323 33.7+24 337+24 33.2+19 32.8+25 329+24 333423
L1 352+2.0 35.7£2.1 35.8+24 35.1+£2.1 34.6x2.0 354+2.1 353%22
L2 355+2.0 35.7£2.1 36.1£2.4 349422 34.6+2.0 35.6+2.5 354+2.2
L3 352+2.0 352+2.0 354£25 34723 34.0+2.4 34.1+3.1 34.8+25
L4 33.4+2.0 33.7+2.0 33925 33.2+#2.2 325422 32.3+33 332425
L5 31.2+#25  31.7+¢1.8 30.8+2.9 30.3%3.2 30.4+2.7 30.0£2.8 30.7+2.8

Values given are means+standard deviation unless otherwise specified.

Table 3. Vertebral Body Height at Each Vertebral Level in Females on Lateral Plain Radiography
(mm).

Decade 20s 30s 40s 50s 60s 70s Total

Anterior wall  T10 24.8+1.9 24.6+x1.8 252+1.7 245+1.6 235+3.4 239+19 24.5+19
T11 258+1.8 25715 26.1£2.0 25.5+1.6 24.5+1.7 24.6x23 253%19
T12  27.8x22 27.6£2.0 28.2+2.0 27.8+1.7 263432 26.5+3.2 27.4+25
L1 29.9+2.1  29.6x2.0 30.1x1.7 29.5+1.8 28.8+2.4 27.7+3.0 29.3%x23
L2 32.0+2.2  31.6+1.9 323x19 31.8+24 30.6+29 29.8+3.6 31.4+2.7
L3 33.4+2.1 33121 33.1£2.0 33.0£2.3 31.9+25 31.0+£2.7 32.6x2.4
L4 334+2.4  32.8+1.7 333x1.8 32.7#24 314+29 31.0+3.1 324+2.6
L5 33.8+2.4  33.2+2.0 33.8+25 33.6x23 31.5+29 31.2+24 32.9+2.7
Center T10 23.7+2.1 23.2+15 24.2+19 239+23 23.6x23 22.7+1.9 23.6+2.1
T11 254+22 249+1.6 25.5+2.1 25.1x1.5 25.0+1.9 24.5+2.1 25.1x19
T12 27.8+22 27.2+1.8 27.6£2.0 27.4+15 269+25 263+29 27.2+22
L1 29.8+2.1  29.5+1.6 29.8+1.8 29.1x1.8 28.6£2.1 27.7£3.0 29.1+x2.2
L2 30.7#2.2  30.8+2.1 30.8+2.1 30.3x2.0 29.6+2.3 28.3%3.3 30.1+2.5
L3 31.6+2.2  31.5+2.2 31.1x1.8 31.1£2.0 30.7#2.4 294+2.8 30.9+2.3
L4 31.7#2.3  31.6+2.1 31919 31.1£2.1 30.5+#2.6 29.3+2.8 31.0+2.5
L5 30.8+2.5 30.7+£2.2  30.3%x4.6 30.6£2.3 29.4+3.0 28.7+2.7 30.1+3.1
Posterior wall  T10  25.2+#2.0 25.1+2.0 25.7+2.0 25.5+1.8 25.1x1.9 24720 25.2+2.0
T11 27.5#24 272+2.1 27.7+2.0 27.7+1.8 27.0«1.9 27.0£1.9 27.3+2.0
T12  30.0£2.4 299+2.0 30.0£2.3 304+1.9 29.5+2.6 29.3x2.8 29.8+2.4
L1 322424  32.0£2.0 32323 32120 31.6x2.6 30.6+2.8 31.8+2.4
L2 33.1+2.2  33.1£22 33.0£2.0 32.9+24 323+25 312426 32.6x2.4
L3 333+2.1  32.8+2.1 32.6x1.8 32.8+2.0 32.0£24 31.3+2.7 324423
L4 31.5+24  31.7+#2.1 31.4+1.8 31.5+23 304+25 29.1+£25 30.9+2.4
L5 29.5+2.5  29.0+£2.0 29.4+23 289+22 28.0£2.8 27.6£2.5 28.7+2.5

Values given are means+standard deviation unless otherwise specified.
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Table 4. Intervertebral Disk Height at Each Disk Level in Males on Lateral Plain Radiography (mm).

Decade 20s 30s 40s 50s 60s 70s Total
Anterior edge T10/T11 6.3x£1.7 6.6x£1.8 6.3x1.2 6.4+1.7 7.0+1.8 7.0£2.0 6.6x1.7
T11/T12 7.1£1.6 7.3£2.0 7.2+1.5 7.6+2.0 8.0+1.8 7.9£2.2 7.5£1.9
T12/L1 8.4+1.5 8.6+1.9 8.6+2.1 8.8+1.9 9.2+1.9 9.0+£2.2 8.8+1.9
L1/L.2 9.7+42.0 10.2+2.2 10.4+2.1 10.7£2.2 10.2+1.8 11.3x24 10.7+2.3
L2/L3 11.1£2.2  11.9£2.6 12.3+23  12.5+2.7 13.0+£3.2 12.4+3.1 12.2+2.7
L3/L4 12.6£2.4  13.7£3.0 13.9+2.5 13.7£32 14329 139+£3.6 13.7+£3.0
L4/L5 14.5+2.8  15.3£3.0 149434 15.0£3.7 15.0£3.9 144445 149435
L5/S1 155469 14.5+£32 154+4.1 151246 16.0+3.9 15.5+4.6 15.3+4.7
Center T10/T11 6.6£1.0 7.0£1.3 6.7£1.3 6.7+1.5 7.3+1.3 6.9+1.4 6.9+1.3
T11/T12 7.2+1.1 7.2+1.2 7.5+1.3 7.6x1.3 8.0+1.8 7.7£1.2 7.5+1.3
T12/L1 7.6x1.0 8.1x1.1 8.2+1.5 8.4+1.2 8.8+1.3 8.8+1.4 8.3+1.3
L1/L2 9.0+1.4 9.2+1.2 9.5+1.8 9.4+1.6 10.2+1.8 9.9+2.1 9.6x1.7
L2/L3 10.5+1.6  11.0£1.5 11.2+1.8 11.2+1.7 10.9+2.1 10.2+2.6 10.8+1.9
L3/1L4 11.1+1.7  11.6x1.7 11.8x1.9 11.3x1.6 11.3x2.2 10.7£24 11.3x1.9
L4/L5 11.4+£2.0 11.8«¢1.5 11.5+2.5 10.7+2.3  10.0+£3.1 9.8+3.3  11.0£2.6
L5/S1 9.8+£2.5 9.6£2.2  10.2+2.6 9.8+£3.0 9.5+£3.2 9.2+3.1 9.8+2.8
Posterior edge  T10/T11 4.4+1.2 4.3+1.1 4.6x1.2 44+1.3 4.8+1.3 4.6x1.4 4.5+1.3
T11/T12 5.1+1.1 4.9+1.1 5.01.5 4.9+1.4 54+1.8 5.0£1.5 5.0£1.4
T12/L1 4.6+1.0 4.8+1.0 5.1£1.3 4.9+1.3 5.3+1.3 4.8+1.5 4.9+1.3
L1/L2 5.8+1.3 6.0£1.2 6.0£1.7 6.2+1.4 6.1£1.3 5.5¢1.6 5.9+1.4
L2/L3 6.9+1.8 7.6x1.4 7.6x1.7 7.1x1.5 6.6x1.5 6.1£1.6 7.0£1.7
L3/L4 7.9+1.9 8.4+1.3 8.2+1.4 7.3+1.3 7.2+1.6 6.7+1.8 7.6x1.6
LA4/L5 8.5+1.5 8.6+x1.4 8.0+2.0 7.7+£2.4 7.3£2.0 7.0£2.5 7.9£2.0
L5/S1 8.1+5.5 7.2£1.7 7.2£2.5 6.5+2.3 7.2+£3.5 6.2+2.3 7.0£3.2

Values given are means+standard deviation unless otherwise specified.

Table 5. Intervertebral Disk Height at Each Disk Level in Females on Lateral Plain Radiography (mm).

Decade 20s 30s 40s 50s 60s 70s Total
Anterior edge  T10/T11 5.3+1.3 5.5+1.5 5.7+1.9 5.9+1.8 6.6=1.7 5.7+1.7 5.8+1.7
T11/T12 5.9+1.1 6.4+1.6 6.2+1.7 6.3x1.6 7.2+1.7 6.2+1.9 6.4+1.6
T12/L1 6.3+1.2 7.1x1.7 7.0+1.7 7.3+1.5 8.1+1.6 7.2+1.7 7.2+1.7
L1/L2 7.7x1.2 8.8+2.1 8.8+2.2 9.3+2.0 10.1x2.1 9.3+2.2 9.0+2.1
L2/L3 9.3+1.6 10.6+2.5 10.8+2.3 10.7£2.9 11.7£2.5 11.0£2.6 10.7+2.5
L3/L4 11.1£24 12527 12.1+29 12.2+3.1 12.8£3.3 11.9+2.5 12.1+29
L4/L5 129424  14.0+3.1 132428 12.9+3.2 13.9+3.7 12.8#3.3 13.3%x3.2
L5/S1 12.0£2.8  12.9+2.6 132432 132442 14.0+4.7 14447 13.5+4.8
Center T10/T11 5.9+1.0 6.2+1.2 6.1x1.3 6.0+1.0 6.4+1.3 6.1£1.3 6.1£1.2
TI11/T12 6.3x1.0 7.0+1.1 6.9+1.5 6.7+1.1 7.0+1.3 6.9+1.7 6.8+1.3
T12/L1 6.6x1.1 7.3+1.0 7.1x1.3 7.5+1.3 7.9+1.2 7.9+1.3 7.4+1.3
L1/L2 7.8+1.4 8.3x1.3 8.6x1.6 8.9+1.3 9.3x1.7 8.9+1.7 8.6x1.6
L2/L3 9.3x1.4 9.7£1.8 9.7x1.5 9.7+1.7 9.8+2.1 9.7£2.2 9.7£1.8
L3/L4 10.1x1.6  10.5£1.9 10.0x1.9 10.1x2.0 10.0+2.2 10.1x2.2  10.1£2.0
L4/L5 10.3+x1.7  10.5x1.9 10.0+1.9 9.4+2.2 9.3+2.7 9.3+2.3 9.9+2.2
L5/S1 9.0+1.8 8.9+2.0 9.3+2.7 8.4+2.3 9.0+3.3 9.0+2.4 9.0+2.6
Posterior edge  T10/T11 4.6+1.2 4.6+1.2 4.6x1.1 4.5+1.1 4.6+1.2 4.2+0.9 4.5+1.1
T11/T12 4.7+1.1 4.7x1.2 4.8+1.3 4.8+1.3 5.2+1.4 4.9+1.2 49+1.3
T12/L1 4.7+1.1 4.6x1.1 5.01.2 4.7+x1.1 5.5+1.6 5.0+1.5 49+1.3
L1/L2 5.6+0.9 5.7+1.1 6.0+1.3 5.7+1.1 5.6x1.4 5.8+1.7 5.8+2.2
L2/L3 6.7+1.2 6.8+1.6 6.7+1.5 6.2+1.1 6.1+1.6 6.0+1.8 6.4+1.5
L3/L4 7.4+1.3 7.7+1.5 7.3+1.6 6.5%1.5 6.2+1.7 6.3+1.8 6.9+1.6
L4/L5 8.0+1.8 8.1x1.6 7.6x£1.8 6.6x1.7 7.3x1.9 6.6+£2.0 7.4+1.9
L5/S1 7.3x1.7 7.3x1.9 7.2+2.1 6.2+1.6 7.4+4.5 6.9+2.5 7.2+3.4

Values given are means=+standard deviation unless otherwise specified.
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Table 6. Disk Index in Each Disk Level (%).

dx.doi.org/10.22603/ssrr.2021-0187

Decade 20s 30s 40s 50s 60s 70s Total
Males T10/T11 25.1+4.3 26.6+5.7 25.0+4.4 25.7£5.9 28.5+5.4 26.9+5.8 26.3+5.4
TI/T12  259+44 25.7+4.5 26.8+4.9 27.6x+4.7 29.7+5.8 28.2+4.8 27.3+5.0
T12/L1 25.5+3.8 26.4+3.6 27.1+4.9 28.4+4.7 30.4+£5.1 30.2+5.0 28.0+4.9
L1/L2 28.5+4.7 28.7£3.9 29.8+5.2 29.9+5.3 33.5+6.2 32.1£6.9 30.4+5.7
L2/L3 32.5+5.3 33.5+4.6 34.0+£5.4 35.1£5.4 35.2+7.4 31.8+8.8 33.7+6.4
L3/L4 34.0+5.8 35.0+5.2 35.4+5.9 34.9+5.5 35.5+7.4 33.3£7.5 34.7+6.3
L4/L5 34.6x6.4 35.1+4.7 34.5+8.5 32.8+7.5 35.1£9.8 30.4+10.5 33.7+8.2
L5/S1 30.3+8.1 29.0+£6.9 31.849.2 31.5£10.1  34.8+10.8  29.1+9.5 31.1£9.3
Decade 20s 30s 40s 50s 60s 70s Total
Females T10/T11 24.9+4.7 26.6+5.3 25.4+5.7 25.2+4.1 27.2+5.1 26.8+6.2 26.0£5.3
TI11/T12 25.0+4.2 28.4+4.8 26.9+5.7 26.7+4.6 28.2+5.5 28.4+7.2 27.345.5
T12/L1 23.9+3.9 26.8+4.3 25.6+4.8 27.4+5.1 29.8+5.0 30.5+£7.0 27.345.5
L1/L2 26.4+4.6 28.2+4.5 28.7+£5.2 30.8+4.4 32.5£5.9 32.6+£7.9 29.9+6.0
L2/L3 30.0+4.7 31.6x£5.4 31.5¢5.4 32.3+6.6 33.5+8.2 35.1x104  32.4+7.2
L3/1L4 32.0+4.9 33.3+£5.7 32.3+6.3 32.4+6.5 33.0£7.9 35.0+8.9 33.0+£6.9
L4/L5 32.6+£5.3 33.2+6.1 31.5£6.6 30.2+6.7 33.5+9.8 32.449.0 32.3+7.5
L5/S1 29.6+6.6 29.0+6.3 30.7£9.2 27.6+7.8 31.3£11.0  32.8+10.2  30.2+8.8

Values given are means+standard deviation unless otherwise specified.

0.01). There was also a significant difference between gen-
ders grade II at the L4/L5 level; the disk index in females
was lower than that in males (p<0.01, Fig. 3).

Discussion

This largest cross-sectional study is the first to report age-
related changes and gender-specific differences in thora-
columbar disk height and also to evaluate the relationship
between the degree of degeneration of disk and disk height
in relatively healthy subjects to the best of our knowledge.
Our main findings show that mild thoracolumbar disk de-
generation begins in the 20s, thoracolumbar degeneration of
disk and height narrowing progresses with age especially af-
ter the 40s, mainly at L4/L5 level and the degree of lumbar
disk height narrowing was significantly correlated with the
grade of degeneration of disk.

With aging, there is a gradual degeneration of the in-
tervertebral disks gradually, which causes disk herniation
and degenerative disk disease”. There is a broad burden on
society with these conditions. This is well supported by
Boos et al. who graded the degenerative changes in 180 ca-
daveric sagittal lumbar segment slices and reported that
there is a significant association between the grade of de-
generative change with age”. One of the best radiographic
models for detecting degeneration of disk, which also has
been widely used in the past few decades to evaluate muscu-
loskeletal disorders is MRI'?. Additionally, there have been
various cross-sectional studies that have used MRI to eluci-
date the natural history of human aging and degeneration of
diskl7.l8).

There have been several reported studies on the relation-
ship between disk degeneration and age*™'”. Boden et al.
performed MRI on 67 subjects without low back pain, sciat-
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ica, or neurogenic claudication and found that 20% and 36%
of subjects who were 60 years old had a herniated nucleus
pulposus'”. Cheung et al. study on 1043 volunteers investi-
gated lumbar spine MRIs and found that 40% of individuals
below the age of 30 years had degeneration of intervertebral
disk at lumbar level, with the prevalence of intervertebral
degeneration of disk increasing progressively to over 90%
by the age of 50-55 years. The most prevalent levels of disk
degenerative changes that increase with age are L4/L5 and
L5/S1"™.

In the present study, vertebral body height at the center
slightly decreased with increasing age at most vertebral lev-
els. The decrease with age in vertebral body height was
more pronounced in females than in males. Although disk
index gradually decreased with increasing age in middle-
aged and elderly individuals in males, the disk index in fe-
males did not change with age. It is speculated that disk in-
dex in females was affected by the decrease in vertebral
body height compared with males.

This present study found that intervertebral disk height at
the center gradually increased from T10/T11 to L4/LS; the
shortest height was at T10/T11, and the longest was at L3/
L4 or L4/LS in all decades and both sexes. In middle-aged
and elderly individuals of both sexes, age-related degenera-
tive disk height loss was most prominent at L4/L5. As the
number of disk surgeries performed increases in the future,
these results will serve as useful baseline information for
clinicians planning surgical intervention. Owing to their dif-
ferences from younger subjects, elderly subjects may require
special surgical consideration.

The results of the present study indicate that the interver-
tebral disk height at the center decreased gradually with in-
creasing age in both sexes, at the lower lumbar disks. Lum-
bar disks are more likely to undergo disk degeneration than
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Figure 2. Lumbar disk degeneration using the Pfirrmann classification system in each decade in (A) males and

(B) females.

thoracic disks, which has been recognized previously, and
lower lumbar disks are more prone to undergo severe degen-
eration than upper lumbar disks™*". Because greater loading
in bending causes disk prolapse leading to bending injuries
to the annulus™.

Some of the limitations of this present study that warrant
discussion are. First, as the study cohort was limited to

Japanese population the generalizability of our findings is

limited. Second, only relatively healthy subjects were en-
rolled in the current study, which could have led to a selec-
tion bias in favor of healthy participants only. However, al-
though subjects were all relatively healthy, some had patho-
logical or mild symptomatic backgrounds, which could af-
fect the results. Considering that previous reports show that
intraobserver and interobserver reproducibility of MRI meas-
urements was high, measurement was performed only once
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Figure 3. Relationship between disk index and thoracolumbar disk degeneration grade at each level.

Values are expressed as mean+SD. *p<0.05; **p<0.01

by one unique observer”. A previous study reported that the
overall interobserver agreement of the Pfirrmann classifica-
tion using the intraclass correlation coefficient was excellent
or almost perfect using the weighted kappa. Intraobserver
agreement was also excellent, or almost perfect using the
weighted kappa”. These measurements of radiographs were
carried out by a well-experienced radiological technician
with extensive knowledge of anatomy™”. Our data set was
sufficiently large for most evaluations; however, we com-
pared individuals between ages as this was a cross-sectional
rather than longitudinal investigation. As another limitation,
we obtained radiographs in the recumbent position to make
an evaluation that is not in the same standing position as
MRI. Although osteoporosis might affect the age-related
change of vertebral height, bone mineral density was not in-
vestigated in this study™*
cross-sectional study is the largest of its kind to the best of
our knowledge. By comparing degeneration of disk and disk
height data from relatively healthy subjects in this study to
symptomatic patients in the future, this could lead to deter-
mining disk degeneration patterns that result in symptoms.
Age-related changes in disk height of the thoracolumbar
spine are gaining more importance than ever because of the

. Despite these limitations, this

increasing number of reconstructive surgeries conducted for
lumbar disk disorders. To understand the natural changes in
thoracolumbar spine degeneration over time a long-term
follow-up study is needed. Although it is practically difficult
to observe age-related changes over a subject’s entire life
span. Thus, to substitute a longitudinal analysis, a large-
scale cross-sectional observational study can be conducted.
In our study, 627 relatively healthy volunteers were enrolled,
and at least 50 subjects belonging to each sex were included

386

in each age group. This study is one of the largest cohort
studies conducted on thoracolumbar disk morphology, with
a sex ratio of almost 1:1. The reliability of our results is be-
cause of the large sample size and balanced sex and age dis-
tribution of the study population.

Conclusion

Lumbar disk height narrowing progresses with age and is
correlated with the progression of degeneration of the disk
is concluded by this large-scale cross-sectional analysis of
thoracolumbar spine MRI data in relatively healthy subjects.
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