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An increase in height of spinous process is associated
with decreased heights of intervertebral disc and vertebral body
in the degenerative process of lumbar spine
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Abstract

Purpose Currently degeneration of the intervertebral disc
and joint in the degenerative process of the lumbar spine
has mainly attracted the attention, however, there are very
few literatures focusing on the height of the spinous pro-
cess. Our objective was to examine in what generation the
change in spinous process height occurs and how the
change is involved in the degenerative process of the
lumbar spine.

Methods CT or CT myelography of 1,015 patients, 536
males and 579 females were measured in 6 items, including
the heights of the L4 and L5 vertebral bodies, the L4 and
L5 spinous processes, the L4/5 intervertebral disc, and the
L5/S1 intervertebral disc. All data of the 6 items were
analyzed and compared between gender in 5 age groups
(40s, 50s, 60s, 70s and 80s).

Results  The results indicated a significant increase in the
height of the L4 and L5 spinous process (P < 0.01) in the
60- to 70-year-old group for both genders, and also showed
that the L4 and L5 vertebral body height was significantly
decreased in the 50- to 60-year-old group (P < 0.01 in
males, P < 0.001 in females).

Conclusions Changes in the spinous process morphology
followed degenerative changes of the intervertebral disc and
vertebral body in the degenerative process of the lumbar
spine. This result may suggest that the morphological
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change of an increase in the height of the spinous process
may be a kind of biological defense reaction to stabilize the
intervertebral portion.
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process - Vertebral body - Intervertebral disc

Introduction

Degenerative lumbar spinal disease is reported to start with
the degeneration of intervertebral discs, and after a period
of progression to different pathologies including herniated
intervertebral discs, spinal stenosis, intervertebral instabil-
ity, etc., a stable stage is reached subsequent to the for-
mation of osteophytes [1]. The degeneration of
intervertebral discs and facet joints plays an especially
important role in this degenerative change in the lumbar
spine [2]. Many reports have been published in this regard
[1, 3-6]. Furthermore, to a considerable extent, the heights
of the vertebral body and spinous process may indicate in
the degenerative changes in the lumbar vertebrae [1, 7-9].
A decrease in vertebral body height is mainly caused by a
decrease in bone content and bone density due to aging,
whereas an increase in the height of the spinous process is
mainly attributable to the formation of enthesopathy spurs
[1, 10]. However, very few reports have been published on
the actual measurement of the heights of the intervertebral
body and spinous process in this regard [8—10]. We
determined the heights of the 4th (L4) and 5th (L5) lumbar
vertebrae, the spinous processes in L4 and L5, and the
vertebral discs between L4/5 and L5/S1 with computed
tomography (CT) to investigate how the heights of inter-
vertebral disc, vertebral body, and spinous process are
related to aging and gender differences. The purpose of this
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study was to examine in what generation the change in
spinous process height occurs and how the change is
involved in the degenerative process of the lumbar spine.

Materials and methods

A total of 1,335 patients underwent CT or myelo-CT of the
lumbar vertebrae at D hospital in Tsu City, Japan between
January 2007 and December 2011 and had their image data
stored in the hospital computer. We excluded those 39 years
old or younger, those who had undergone a lumbar opera-
tion, those with L4 and L5 fractures, those definitely dem-
onstrating lumbarization and sacralization, those with large
osteophytes, and those with severe scoliosis and rotational
deformity of the spine. We excluded 320 patients, and the
remaining 1,015 patients were investigated. Their mean age
was 69.1 years (40-89 years), and there were 536 males and
579 females; 451 (44.4 %) had undergone lumbar vertebral
operations. The CT employed was ECROS 8 slices (Hitachi
Medico, Tokyo, Japan). The images were taken with the
parameters of 1-mm slice thickness, matrix 512 x 512
pixel resolution, 350 mm field of view, and 0.59 x
0.59-0.68 x 0.68 mm in-plane pixel size to prepare the
reconstructed sagittal plane. Using the measurement tool of
the DICOM Image Work Station (VOX-BASE/VIEW
Version 2.69j; I-MAC SYSTEM Inc., Sapporo, Japan), the
anterior and posterior wall heights of the L4 and LS5 verte-
bral bodies, front and rear heights of the intervertebral discs
between L4/5 and L5/S1, and the heights of the L4 and LS5
spinous processes were determined on the computer as
shown in Fig. 1. The vertebral body height was obtained by
(height of anterior wall 4 height of posterior wall of ver-
tebral body)/2. The height of the intervertebral disc was
obtained by (front height + rear height of intervertebral
disc)/2. For the height of the spinous process, a line parallel
to the posterior wall of the vertebral body was drawn first,
and the maximum length among all the slice lengths was
obtained. Two orthopedic surgeons (A and B with 8 and
7 years of experience, respectively, as orthopedic surgeons)
who did not know the objective of this research conducted
the measurement. Using the reconstructed sagittal plane in
the CT of each of the 1,015 cases, a total of six items,
including the heights of the L4 and L5 vertebral bodies, the
L4 and L5 spinous processes, the L4/5 intervertebral disc,
and the L5/S1 intervertebral disc, were determined a total of
three times, that is, twice by orthopedic surgeon A and once
by B. The mean value of the three measured values was
employed as the data point for each item. Furthermore, intra-
observer error was calculated from the first and second
values determined by orthopedic surgeon A, and the inter-
observer error from the values measured by orthopedic
surgeons A and B.

Fig. 1 Tllustration of measuring method at the L4-L5 and L5-S1
level. Anterior height of L4 vertebral body (a—b), posterior height of
L4 vertebral body (f~g), anterior height of L4/5 intervertebral disc (b—
¢), posterior height of L4/5 intervertebral disc (g—h), anterior height of
L5 vertebral body (c—d), posterior height of L5 vertebral body (h—i),
anterior height of L5/S1 intervertebral disc (d—e), posterior height of
L5/S1 intervertebral disc (i—j), height of L4 spinous process (k-I),
height of L5 spinous process (m—n)

Table 1 Number of patients of each gender in each group

Groups Gender

Male Female
40s 57 73
50s 64 88
60s 85 115
70s 120 158
80s 111 144

No significant differences in each group

The patients were classified into five groups according
to age (40—49 years old, 50-59 years old, 60-69 years old,
70-79 years old, and 80-89 years old). The average and
standard deviation of the six items (the heights of the L4
and L5 vertebral bodies, the L4 and L5 spinous processes,
the L4/5 intervertebral disc, and the L5/S1 intervertebral
disc) were calculated for each group, and the data were
compared between genders. Among the five age groups of
patients, there were no statistically significant differences
in the number of patients of each gender in each group as
analyzed with the Kruskal-Wallis method (Table 1).

The intraclass correlation coefficient (ICC) and 95 %
confidence interval were calculated for inter-observer and
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intra-observer reproducibility. We used a Welch ¢ test to
detect the difference among the five age groups for the six
radiographic parameters, and a P value <0.05 was con-
sidered significantly different according to the Bonferroni
correction.

Results

Table 2 shows the ICC and 95 % confidence interval for
the inter-observer and intra-observer reproducibility. ICCs
indicated very good intra-observer reproducibility for all
radiographic parameters measured, with values of
0.91-0.93 for observer A. The ICC of the inter-observer
reproducibility was also very good, with values of
0.86-0.92 for both observers in all parameters.

The results indicated a decrease in the heights of the L4
and LS5 vertebral bodies and the height of the L4/5 inter-
vertebral disc. We also observed an increase in the height
of the L4 and L5 spinous processes according to age, but no
relationship to age was observed in the height of the L5/S1
intervertebral disc. The results of the six radiographic
parameters are shown in Table 3. The height of the L4
spinous process and L5 spinous process had significantly
increased in the 60- to 70-year-old group (P < 0.001 in L4,
P < 0.01 in L5) for both genders. The L4 vertebral body
height was significantly decreased in the 50- to 60-year-old
group (P < 0.01 in males, P < 0.001 in females), and then,
the L5 vertebral body height was also significantly
decreased in the 50- to 60-year-old group (P < 0.01 in
males, P < 0.001 in females). The L4-L5 intervertebral
disc height had a tendency to decrease with age (beginning
in the 40- to 50-year-old group), but the difference was not
statistically significant among the age groups in either
gender. On the other hand, there was no change in the L5—
S1 intervertebral disc height with age.

Table 2 Inter- and intra-observer reproducibility

Intra-observer
reproducibility

Inter-observer
reproducibility

(observer (observer A)
A x B)
ICC 95%CI ICC 95 % CI
Height of L4 vertebral body 0.86 0.79-0.94 0.91 0.83-0.95
Height of L5 vertebral body 0.88 0.80-0.95 0.92 0.85-0.96
Height of L4/5 091 0.85-0.96 093 0.87-0.97
intervertebral disc
Height of L5/S1 092 0.86-0.96 0.92 0.89-0.95
intervertebral disc
Height of L4 spinous process 0.89 0.83-0.93 0.91 0.87-0.94
Height of L5 spinous process 091 0.85-0.95 0.92 0.87-0.95
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Discussion

Theoretically, intervertebral disc degeneration is thought to
be the initial process in the typical degenerative cascade of
the spine [1]. After the disc degenerates, the compressive
load to the spine shifts from the vertebral body to the neural
arch with high stress concentration at the facets [1, 7, 11].
Then, facet degeneration occurs. The vertebral bodies are
also involved in the degenerative process, not only in
osteophyte formation but also in the loss of vertebral height
[1, 11, 12]. Vertebral height loss occurs for two reasons.
First, high load bearing by the facet joint effectively shields
the anterior region of the vertebral body from stress, so the
vertebral body loses bone strength. If the spine is flexed,
load bearing is shifted to the anterior body, leading to
anterior wedge fracture. Second, vertebral bodies in older
persons have high elastic deformability [13] due to the loss
of bone mass, which allows increased buckling of the tra-
beculae and cortex [11]. This can explain the cupping
deformation of the vertebral endplates in the spine of older
persons [1, 13-15].

Our results showed that the height of the intervertebral
disc between L5/S1 scarcely changed with aging. Hangai
et al. [16] investigated the height of the intervertebral disc
in healthy Japanese people and found that the height of the
intervertebral disc between L4/5 and between L3/4
decreased with aging while not decreasing between L5/S1.
However, they did not mention the reason. Our results in
this study were the same as their results, and we also do not
know the reason why the intervertebral disc height between
L5/S1 did not decrease with aging.

Regarding the important role of the posterior element in
the degenerative process, the neural arch can further
oppose vertebral height loss from the compressive defor-
mation so that the vertebral height loss rarely exceeds
3 mm [7]. In the spine of older persons with severely
degenerated discs, the neural arch shares 63 % of the
compressive load, whereas the anterior and posterior halves
of the vertebral body bear only 10 and 26 % of the load,
respectively [17, 18]. One biomechanical study has shown
that an intact posterior element along with posterior liga-
mentous tissue increase stiffness and stability in an injury
model at the L4-L5 segment [19].

Until now, the role of spinous processes in the
degenerative process of the spine was unknown. How-
ever, some literature published in English mentions
changes in spinous process morphology with age [9, 10].
Aylott et al. [9] measured the height and width of lumbar
spinous processes with CT and showed significant
increases that were correlated with age. Their study also
showed a negative correlation between the height of the
spinous processes and the degree of the lumbar lordosis.
The group also stated that increases in the height of
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Table 3 Morphological data of L4 and L5 (cm; mean £ SD)

Age 40s 50s 60s 70s 80s

Height of L4 spinous process 2.07 £ 0.36 2.11 £ 0.25 2.15 + 0.31* 2.27 + 0.30* 2.30 + 0.28
Height of L5 spinous process 1.76 &+ 0.38 1.81 4+ 0.31 1.81 £ 0.30° 1.90 + 0.37° 1.92 + 0.28
Height of L4 vertebral body 2.80 £ 0.34 2.77 + 0.32° 2.64 +0.32° 2.63 £ 0.33 2.58 £ 0.31
Height of L5 vertebral body 2.64 £ 0.33 2.63 £ 0.32° 2.53 £ 0.31° 2.50 £ 0.31 247 £ 0.31
Height of L4/5 intervertebral disc 0.96 £ 0.25 0.89 £ 0.28 0.83 £ 0.23 0.79 £ 0.30 0.70 £ 0.29
Height of L5/S1 intervertebral disc 1.05 £ 0.26 1.02 £ 0.35 1.03 £ 0.32 1.01 £ 0.37 0.98 £+ 0.36

 Significant difference (P < 0.001) between groups
® Significant difference (P < 0.01) between groups
¢ Significant difference (P < 0.05) between groups

spinous processes may lead to decreased lumbar lordosis
due to these structures abutting each other and blocking
lumbar extension or lordosis. Spinous process abutment can
be explained by both increases in the height of the spinous
processes and decreases in the distance of the interspinous
space with age [8, 20]. Although Aylott et al. [9] and Sar-
toris et al. [20] describe that the spinous process height
increases with aging, they did not measure the vertebral
body height, and hardly mentioned the degenerative process
of the lumbar spine. Our results show that the height of the
intervertebral disc becomes low from 40s or 50s, the height
of the vertebral body becomes low from 50s or 60s, and the
height of the spinous process becomes high from 60s or 70s,
which are new findings.

From this study, we found that the heights of the L4-L5
intervertebral disc and L4 and L5 vertebral bodies were
decreased, whereas the L4 and L5 spinous process heights
were increased with age. The earliest degenerated structure
was the L4-L5 intervertebral disc, which began to degen-
erate in the 40s and 50s and gradually narrowed with age.
The second structures that degenerated were the L4 and L5
vertebral bodies. Our study showed that the vertebral
bodies at both levels were significantly decreased in height
in patients in their 50s and 60s (P < 0.01). The spinous
processes were the last structure that changed with age. In
patients in their 60s and 70s, the L4 and L5 spinous pro-
cesses showed significantly increased heights (P < 0.01).
Our result showed that males tended to have vertebral
bodies and spinous processes that were larger than those in
females, and the degenerative process in males tended to be
less affected than in females. These results could be
explained by the hypothesis that males are slightly pro-
tected from bone loss by their bone geometry, hormonal
effects, and time-delay of age-related changes in bone
density and quality [21-26].

Our hypothesis explaining the result of the increased
heights of the L4 and LS spinous processes with age may be
a secondary adaptive response to increase their mechanical

properties after sharing a compressive load from anterior
structures, according to Wolf’s Law [1, 9]. Because we
found that the spinous process height was increased after the
intervertebral disc space narrowed and the vertebral body
height was decreased, we think that the adaptive response
occurred to act as a tethering structure to prevent hyper-
extension of the lumbar spine and to increase the stiffness
and stability. The advantage of this phenomenon may be a
delay in canal stenosis because of blocking of hyper-
extension or the lordosis position [27-31]. The disadvan-
tage of this phenomenon is that it can cause sagittal mis-
alignment in elderly persons [9]. As mentioned above, our
results confirmed that there was a negative correlation
between the vertebral body height and spinous process
height with age. This may be a leading cause of flexion
misalignment of the lumbar spine in elderly patients.

Regarding the clinical implications, as stated above,
changing the spinous process morphology may be a sec-
ondary adaptive change to increase the mechanical prop-
erties to share the compressive load from the anterior
element. Therefore, interspinous process devices and spi-
nous process anchorage devices may play an important role
in the treatment of degenerative disc diseases and early
spinal stenosis patients [32-34]. These devices can mimic
the natural effect of tethered and restricted hyper-extension
or lordosis posture of the lumbar spine, spinous processes,
and posterior ligamentous structures and also reduce facet
loading at the implanted level [32, 33]. The increased size
of the spinous processes may also improve anchorage
positions for these implants.

Limitations of our study are: (1) this study was cross-
sectional, (2) our study did not quantify the condition of the
articular facets, (3) we did not perform a dynamic study to
measure the distance between the spinous processes during
motion, width or bone quality of the spinous process and
lumbar lordosis, (4) we did not obtain the patients’ body
mass index and bone mineral density data, and (5) we did
not perform a biomechanical study to test our hypothesis
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that a compressive load was shared by the spinous pro-
cesses and their ligamentous complexes when the disc was
degenerated.

In conclusion, our results showed that an increase in
height of spinous process was associated with decreased
heights of intervertebral disc and vertebral body in the
degenerative process of lumbar spine. This result may sug-
gest that the morphological change of an increase in the
height of the spinous process as well as the osteophytes are
formed in the vertebral body may be a kind of biological
defense reaction to stabilize the intervertebral portion. As
described above, the spinal surgeon should pay more atten-
tion to an increase in the height of the spinous process as a
possible characteristic finding of lumbar spinal instability.
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