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ABSTRACT

Background: Many studies have emphasized the importance of interface contact between implants and the vertebral
endplate (VE). The goal of this study was to analyze the shape and other specific parameters of the VE to provide reference data
for better implant interface contact in intervertebral disc space procedures.

Methods: Cervical, thoracic, and lumbar spine midsagittal plane magnetic resonance images of 100 adults (58 women)
were analyzed. The morphology of the VEs was classified as concave, convex, flat, or irregular. Midsagittal endplate length
(ML), endplate concavity depth (ECD), and endplate concavity axis (ECA) location were measured in the midsagittal plane. The
parameters were compared between the cervical, thoracic, and lumbar spines and between the sexes.

Results: The VE morphology, ML, ECD, and ECA showed variations along the spine, mainly in the cervical and lower
lumbar spines. The sagittal geometry of the VE was not flat or uniform along the cervical, thoracic, and lumbar spines. Different
morphological types were observed along different spinal segments and according to sex. In the cervical spine, the majority of
cranial VEs were flat, while caudal VEs were mostly concave.

Conclusion:
arthroplasty.

Biomechanics

Sagittal VE geometry should be taken into consideration during the use of intervertebral cages or disc

Keywords: sagittal geometry, endplate, MRI, cervical, thoracic, lumbar spine

INTRODUCTION

The vertebral endplate (VE) lies between the verte-
bral body subchondral bone and the intervertebral disc
(ID)."? The VE surrounds the cranial and caudal inter-
face between the ID and vertebral body of all vertebrae,
except C1-C2 and L5-S1." Besides its biological func-
tion, the VE absorbs the mechanical load of the spine’
and prevents the bulging of the nucleus pulposus of the
ID into the vertebral body.> It also plays an important
role in surgical procedures. Surgical procedures involv-
ing VE are usually related to ID removal and are fre-
quently performed to decompress neural elements, and
for sagittal balance correction, spine stabilization, and
replacement of degenerated ID using artificial IDs.*’
Cervical fusion and cervical disc replacement involve
artificial devices such as disc prostheses or cages.®’
Complications such as subsidence, shift, and migration
have been reported with the use of cages and artificial
discs."*® The mismatch between VE shape and implant
contact surface has been reported as the main cause of
complications.*"?

This study was designed considering the importance
of VE shape and geometry in the design of artificial

devices used in spinal surgery, as well as the lack of
data on VE shape and geometry.>® The ideal artificial
disc or cage should have a maximal endplate-device
interface contact area so that it can mirror the shape of
the cranial and caudal VE in all 3 dimensions.”’ The
goal of this study was to analyze VE shape and specific
sagittal parameters of the cervical, thoracic, and lumbar
spine to provide reference data for cages and artificial
prostheses.

METHODS

Ethical approval was granted by the institutional
research ethics committee and was carried out in accor-
dance with the Helsinki Declaration of 1975, as revised
in 2000. The requirement for written consent from
patients was waived due to the retrospective nature
of the study. A total of 100 patients (42 men and 58
women) ranging in age from 18 to 59 years (mean 31.44
+ 9.10) underwent magnetic resonance imaging (MRI)
(33 cervical, 32 thoracic, and 35 lumbar) for reasons
unrelated to the study and were retrospectively selected
for analysis. Patients with normal MRI were included.
Cases with MRI evidence or clinical history of fracture,
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Table. Patient distribution according to age, gender, and spinal segment.

Segment n Age, y, Mean + SD Gender: n (%)

Cervical 33 29.45 +£9.62 M: 16 (48.5); F: 17 (51.5)
Thoracic 32 30.94 +7.29 M:11 (34.4); F: 21 (65.6)
Lumbar 35 33.77+9.8 M: 16 (45.7); F: 19 (54.3)

Abbreviations: F, female; M, male.

Figure 1. Types of vertebral endplates (VEs) according to the morphology: (A) concave, (B) convex, (C) flat, and (D) irregular. In the flat type, the entire extension
of the VE was contained in the line that joined the anterior and posterior corners of the vertebral body. In the concave type, the deepest part of the VE was located
at least 1 mm deep in relation to the line that joined the anterior and posterior corners of the vertebral body. In the convex type, part of the plate was located at
least 1 mm from the reference line. In the irregular type, the plate was at least one point above and one point below the reference line. The nomenclature describing
the cranial and caudal VEs refers to the vertebral body. Cranial VEs are on the cranial side and the caudal endplates are on the caudal side of the vertebral body.

tumor, deformity, infection, congenital abnormali-
ties, advanced degenerative process of the articular
or ID, prior surgery, or evidence of osteoporosis were
excluded. The distribution of patients according to age,
sex, and involved segment of the spine is shown in the
Table.

Measurements

Spine MRI was performed using a 1.5T scanner
(Achieva; Philips Healthcare, Best, The Netherlands)
with a 16-channel spine coil (SENSE-SPINE; Philips).
K-PACS DICOM viewer software v1.6.0 (IMAGE
Information Systems, Rostock, Germany) was used to
anonymize data and for posterior image analysis and
measurements. Measurements were performed on the
midsagittal plane. Evaluation and measurements were
performed by an independent orthopedic spine surgeon
and a blinded observer. All cranial and caudal VEs from
C3-L5 were evaluated, except C2 and S1. Caudal VE
was evaluated at C2 and cranial VE at S1. The cranial

Figure 2. Sagittal magnetic resonance imaging of lumbar spine illustrating (A)
flat, (B) concave, and (C) convex vertebral endplates.

or caudal reference for VE was established according to
VE location on the vertebral body.

The selected parameters for evaluation were VE
shape, midsagittal length (ML), endplate concavity
depth (ECD), and endplate concavity axis (ECA) loca-
tion (Figures 1 and 2). The VEs were classified into 4
types according to morphology: flat, concave, convex,
or irregular (described in Figure 1).”'®"? The ML was
defined as the distance between the anterior and poste-
rior border of the VE in the midsagittal plane. The ECD
was defined as the distance between the perpendicular
line from the anterior to posterior rim of the VE on the
sagittal plane to the deepest point of the VE. The ECA
location was defined as the point anterior or posterior
to the midpoint of the line from the anterior to posterior
rim of the VE on the sagittal plane.

Statistical Methods

Statistical analyses were conducted using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).
Descriptive statistics (means and SD) were used for
quantitative variables. Analysis of variance, Student ¢
tests, and Fisher’s exact tests were used for compari-
sons. The significance level was set at P < 0.05.

RESULTS

Cervical Spine

The VE shape differed on the cranial and caudal sides
of the same vertebrae. The concave shape was more
common in caudal VEs along the cervical spine in both
the sexes. In cranial VEs, the flat shape was the most
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Figure 3. Distribution of vertebral endplate shapes in the cervical, lumbar, and thoracic spines.

common in both the sexes. The flat shape was more
common in cranial VEs of men, and the convex type
was more common in women (P = 0.0119; Figure 3).
The ML increased in the cranio-caudal direction
in both the sexes. The ML value ranged from 8.10 to
18.40 mm (mean, 12.86 + 1.30 mm in cranial VEs and
from 8.10 to 18.70 mm in caudal VEs. The values for
women were significantly smaller than those of men (P
< 0.001), including cranial VE (P < 0.0001; Figure 4).

794 International Journal of Spine Surgery, Vol. 1

The ECD ranged from —2.4 to 5.10 mm (mean
1.15 £ 0.42 mm). Negative values were considered
in VEs with a convex shape. There was a decrease
in values in a cranio-caudal direction. In men, the
ECD was higher in caudal VEs than cranial VEs (P
= 0.026; Figure 5).

The ECA location in caudal VEs was the poste-
rior half of the endplate in both the sexes. In cranial
VEs, a posterior location was less common, and the
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Figure 4. Midsagittal length in the cervical, lumbar, and thoracic spine.

majority could not be defined due to the flat VE
shape or its location at the anterior half of the end-
plate (Figure 6).

Thoracic Spine

Overall, the concave shape was the most common shape
in cranial (96.26%) and caudal VEs (95.39%). There was
no statistical difference between cranial and caudal VEs
according to sex (P = 0.718; Figure 3).

The ML varied from 10.7 to 34 mm (mean 20.57 +4.27
mm) and showed an increase in the cranio-caudal direction.
Values for women were significantly smaller than for men
(P < 0.01). Cranial VEs were significantly smaller than
caudal VEs (P < 0.0001; Figure 4).
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Figure 5. Endplate concavity depth (ECD) in the cervical, lumbar, and
thoracic spine.

The ECD tended to increase from T1 to T8, and from
there, it decreased. There was no difference between cranial
and caudal VEs according to sex (P = 0.0642) (Figure 5).
The ECA in the thoracic spine tended to be located in the
posterior half of the VE in the proximal and distal third and
anterior to the half of the VE in the middle of the thoracic
spine (Figure 6).

Lumbar Spine

In the lumbar spine, the concave type was the most
common in cranial and caudal VEs, except in S1. From
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Figure 6. Endplate concavity axis (ECA) in the cervical, lumbar, and thoracic
spine.

L1 to L5, the concave type was most common. There was
a significantly different pattern at S1. Prevalence of the
concave type dropped at S1, and the convex and flat types
became the most common. The irregular type showed an
increase at L5 and S1 levels. There was no statistical differ-
ence in morphological VE type between men and women
(P=0.711; Figure 3).

The ML ranged from 18 to 40.5 mm (mean 27.72 + 3.59
mm), increased from L1 to L4, and decreased from L4 to
S1. There was no difference between the cranial and caudal
VE ML (P = 0.079). The ML was significantly greater in
men (P < 0.01; Figure 4).

The ECD of cranial and caudal VEs tended to increase
from L1 to L3 and decrease from L3 to S1, except for the
LS5 caudal VE, which increased. A significant decrease was

observed at S1. Overall, ECD values were significantly
smaller in women (P < 0.001; Figure 5).

The ECA of cranial and caudal VEs was more commonly
located in the posterior middle, except at S1. There was no
statistical difference between men and women (Figure 6).

DISCUSSION

Our findings confirm that VEs are not flat structures and
VE shape varies along different spine segments. There is an
asymmetry between 2 adjacent endplates of the same ID,
which is most marked in the cervical spine. In the thoracic
spine, a more even distribution of VE shapes is observed
and a concave VE shape is observed in almost all cranial
and caudal VEs.

The morphological asymmetry of VE in the ID space is
important in clinical practice as there is often a consider-
able mismatch between the endplate surface and the foot-
print of the prosthetic discs when replacement or fusion
(anterior interbody fusion) is performed.*'* Complica-
tions such as device migration and subsidence are related
to the mismatch between the endplate and implant contact
surface.**'>~'® Therefore, discrepancies between the design
of current disc prostheses and the anatomic dimensions and
shape of VEs prevent ideal contact, and the VE must be pre-
pared or flattened, reducing its ability to withstand pressure,
leading to subsidence.'**° Devices used in the ID space are
flat or have minor convexity," and they are oversimplified
compared to the morphological complexity of VEs.'*"
Incorporation of different endplate shapes and sizes into the
design of devices used in the ID space may avoid mismatch
and complications.*'*

In the cervical spine, the 2 VEs of the ilD space showed
marked asymmetry. Most cranial VEs were flat, while
almost all caudal VEs were concave. Both these findings are
consistent with other studies.*'' The convex shape of VEs
observed in the cranial VE of the cervical spine has not been
reported in similar studies, possibly because of the criteria
and anatomical references used to define VE shape.”™!!
An increase in ML of the VE was observed in the cranio-
caudal direction, and the values were significantly smaller
in women, consistent with other reports.”*' Linear param-
eters reportedly differ according to race (between Chinese,
Korean, Singaporean, and Caucasian) with the cervical ver-
tebrae of Caucasians being larger. ®

Although sex differences in ECD have not been observed
in some studies,*"” we observed a significant difference
according to sex, mainly in the cervical and lumbar spines,
except at S1. We also observed an increase in ECD in the
cranio-caudal direction, except at S1. The decrease in ECD
at S1 in our study was related to VE shape. The concave
shape was least common at this level.
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Our finding that the ECA was located posteriorly
in the cervical spine in the majority of caudal VEs,
and even in cranial VEs, was consistent with Feng et
al® and Cheng et al."”

Morphometric data on the thoracic spine are less
commonly reported compared to the cervical and
lumbar spines, even though it carries clinical impor-
tance in terms of surgical implant design. In the tho-
racic spine, a concave VE shape was most frequent
in cranial and caudal VEs, with an even distribution
along the thoracic spine. The most homogeneous
distribution of VE shapes was observed in the tho-
racic spine. Almost all intervertebral thoracic discs
were surrounded at the cranial and caudal surface by
concave VEs. Our findings were in accordance with
Chen et al who reported an increase in ML from the
cranial to caudal VE and significantly smaller values
in women.** There was a tendency for a posterior ECA
location except at the apex of the thoracic kyphosis.
Van der Houwen et al and Chen et al also indicated
that endplates toward T12 show a tendency toward a
posterior ECA.***

In the lumbar spine, the concave-shaped VEs were
most common, except at S1. The concave-shaped VE
was also the most common shape reported by Laksh-
manan et al and Van der Houwen et al.*!? At S1, the
convex shape was most common. We did not observe
the higher flat shape at S1 reported by Lakshmanan
et al* who reported no convex-shaped VEs, but they
considered a dome-shaped S1 as flat in some cases.
Furthermore, in the lumbar spine, a marked change
in shape pattern and other linear parameters was
observed at L5 and S1. Remarkable morphological
differences in some anatomical parameters of L5
compared with other lumbar vertebrae were also
observed in anatomical studies utilizing linear and
nonlinear regression analyses.”> The morphological
differences between L5 and S1 have been attributed
to anatomical transition position.***

The ML of VEs showed an increase in a cranio-
caudal direction from C2 to L4 and a decrease from
L4 to S1. Kishimoto et al also reported a decrease
in the anterior-posterior endplate at L5-S1 using
3-dimensional “in vivo” measurements.*'

In our study, the highest average ECD in the
lumbar spine was found in L5 caudal VEs, and this
finding was consistent with Lakshmanan et al* who
also reported a posterior ECA location in the lower
lumbar spine, which was consistent with our results,
except at S1.'* Endplates toward T12 showed a ten-
dency toward a posterior ECA.*'” There is no known

explanation for ECA location or differences in ECD
between cranial and caudal VEs.

The findings concerning shape, ML, concavity
depth, and concavity depth axis location at L5-S1
have potential clinical relevance considering that
most fusion or disc replacement surgeries of the
lumbar spine involve these anatomical segments.'>"”
Devices used in the ID space should have adequate
shape and dimension to adapt to the adjacent VE and
avoid a mismatch between the device and endplate
interface. Endplate preparation with partial or com-
plete excision to adapt to the devices weakens the
compressive strength of the vertebral body, and this
should be avoided.">"

Van der Houwen et al reported that inferior
lumbar VEs have a larger depth than superior ones
in the same space.* We found the same results from
L3 to the caudal lumbar spine. This asymmetry,
which was also observed in other segments of the
spine, cannot be explained based on biomechanical
principles of ID pressure, which should be the same
on both adjacent endplates for equal load distribu-
tion.*

The current study had some limitations. First,
we only evaluated sagittal parameters and did not
consider different age groups, the coronal plane, or
surface area. Furthermore, the imaging method used
is inferior to more sophisticated 3-dimensional evalu-
ations.®* However, so far there are no available data
in our country related to VE geometry, and the data
from our study provide preliminary information for
implant design and improvements in implantation
techniques in the intervertebral space. More accurate
information should be obtained from further studies
using different methods and evaluation of different
parameters, age groups, and degenerative discs. A
surgical cohort of patients should also be studied.
Lakshmanan et al reported that VE shape changes in
patients with advanced disc degeneration and those
who undergo surgery may present with different
shapes.*

The sagittal morphology of the VE is significantly
variable over all spine segments, mainly in the cer-
vical and lumbar spines. The common surgical sites
of anterior spine fusion or disc replacement present
marked morphological changes that should be con-
sidered in the use of ID devices. The incorporation
of endplate shapes and sizes into device design may
avoid mismatch and resultant complications.
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CONCLUSION

The VE morphology shows variations along the spine.
The sagittal geometry of the VE is not flat and uniform
along the cervical, thoracic, and lumbar spines. Different
morphological types are observed along spine segments
and between sexes, mainly in the cervical and lower lumbar
spines. Sagittal VE geometry should be considered during
the use of intervertebral cages or disc arthroplasty.
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