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Abstract

Purpose This study investigated potential use of computed tomography (CT)-based parameters in the lumbar spine
as a surrogate for magnetic resonance imaging (MRI)-based findings.

Methods In this retrospective study, all individuals, who had a lumbar spine CT scan and MRI between 2006 and
2012 were reviewed (n=198). Disc height (DH) and endplate degeneration (ED) were evaluated between Th12/L1-L5/
S1. Statistics consisted of Spearman correlation and univariate/multivariable regression (adjusting for age and gender).

Results The mean CT-DH increased kranio-caudally (8.04 millimeters (mm) at T12/L1,9.17 mm at L1/2, 10.59 mm

at L2/3,11.34 mm at L3/4, 11.42 mm at L4/5 and 1047 mm at L5/51). MRI-ED was observed in 58 (29%) individuals.
CT-DH and MRI-DH had strong to very strong correlations (rho 0.781-0.904, p <.001). MRI-DH showed higher absolute
values than CT-DH (mean of 1.76 mm). There was a significant association between CT-DH and MRI-ED at L2/3
(p=.006), L3/4 (p=.002), L4/5 (p<.001) and L5/S1 (p<.001). A calculated cut-off point was set at 11 mm.

Conclusions In the lumbar spine, there is a correlation between disc height on CT and MRI. This can be useful

in trauma and emergency cases, where CT is readily available in the lack of an MRI. In addition, in the middle and
lower part of the lumbar spine, loss of disc height on CT scans is associated with more pronounced endplate
degeneration on MRIs. If the disc height on CT scans is lower than 11 mm, endplate degeneration on MRIs is likely
more pronounced.

Level and design Level lll, a retrospective study.
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Introduction

Disc degeneration (DD)

Intervertebral discs are located in the space between ver-
tebral bodies and play an important role in movement,
load distribution and spinal stability. They consist of a
gelatinous nucleus pulposus and an annulus fibrosus [2].
Disc degeneration (DD) is subject to progressive altera-
tions due to genetic predisposition [3], mechanics [4],
and tissue changes [5]. This can manifest as disc height
(DH) loss [6] and endplate degeneration (ED) [7]. Spe-
cifically, DD in the lumbar spine can be due to alterations
of either the disc or the bone, each entailing different
treatment options [8]. A concept of two phenotypes for
DD has been suggested [9], indicating that they may be
caused by alterations of the endplates of the vertebra or
annulus of the disc. Endplate-driven DD has been asso-
ciated with fractures and localization at the thoracic and
upper lumbar spine [8]. Annulus-driven DD has been
attributed to disc prolapse and localization at the lower
lumbar spine [10].

Disc height (DH)

Disc height loss may result from reduced hydration
capacity [11]. In turn, it leads to abnormal load forces
in endplates making them more susceptible to injury
[12]. Supero-inferior DH loss leads to outward bulging
of redundant annulus fibrosus [13]. In the case of pos-
terior bulging, neural structures may become compro-
mised [14]. Disc height loss may also lead to a reduction
of foraminal heights and spinal root compression [15].
This may ultimately result in spinal instability [16] and
pain [17]. Limited studies have investigated the correla-
tion of quantitatively measured DH on computed tomog-
raphy (CT) scans and magnetic resonance imaging (MRI)
[17-20].

Endplate degeneration (ED)

Endplate degeneration on MRIs was first described in
detail by Modic et al. [21, 22] as three grades depend-
ing on signal intensity. It can evolve over time and may
convert to a more severe grade [23]. It has been associ-
ated with low back pain [24]. Even though it seems to
influence DD [7, 25], the exact pathomechanism remains
unclear. Etiologic risk factors for ED have received little
attention in reasearch [18, 25, 26]. So far, mainly age [26]
and disc changes such as disc herniation [25] and DH
loss [18, 27] have been suggested as possible risk factors.
However, DH has only been reported on a visual scale
instead of providing exact quantitative measures [18].

Imaging

Several imaging techniques such as finite element mod-
els [28], macroscopy [29], conventional radiographs [30],
and magnetic resonance imaging (MRIs) [31] have been
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used in order to characterize DD. Up to now, the degree
of DD has been compared on radiographs and MRIs [32].
Grading of ED is usually performed on MRIs. However,
whether CT-based imaging of DH (CT-DH) might serve
as a valuable alternative diagnostic tool for MRI-based
ED (MRI-ED) remains underreported [18—20]. Recent
studies have compared MRI-based synthetic CTs to
conventional CTs, but using a special software to con-
vert MRIs into CTs is not feasible in everyday clinical
use [19, 20]. This may be especially important in trauma
settings, where patients suffer from unstable fractures
and surgeons may opt to increase DH when performing
spondylodesis which may in turn influence ED and pain.
Furthermore, anthropometric data on numeric mea-
surements of CT-DH including the entire lumbar spine
remain rare [34].

Clinical practice

In clinical practice, and especially in trauma settings, CT
scans are much more readily available, faster and less
problematic for claustrophobic patients than MRIs [33].
Usually, but depending on a hospital’s infrastructure, CT
scans can usually be obtained on the same day, but MRIs
are usually not available until at least several days, often
weeks later if there is no neurological emergency. In
trauma settings, surgeries are therefore often performed
without the availability of an MRI.

Aim

Therefore, our goal was to investigate the possible use of
CT-based surrogate parameters for MRI-based findings
in the lumbar spine in a typical clinical setting without
using any additional software.

Methods

Individuals

We retrospectively identified all individuals, who pre-
sented to our hospital and underwent a CT scan and MRI
of their lumbar spine, between 2006 and 2012 (n=352).
Exclusion criteria involved fractures, osteomyelitis,
metastasis, tumor or previous surgical intervention of
the lumbar spine limiting the evaluation of DH or ED.
These patients were excluded in order not to introduce
any bias to the measurements by potentially non-degen-
erative changes. For example, any surgical intervention
such as lumbar decompression surgery for disc hernia-
tion of fusion surgery for severe segment degeneration
likely altered the anatomy of the DH and ED (e.g. in an
attempt to achieve intercorporal fusion) leading to sub-
stantial changes in the biology of these structures. The
study has been approved by the local research ethics
review committee (KEK-ZH Nr. 2011-0507). Methods
were performed in accordance with relevant guidelines/
regulations.
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Radiology

A dual-source CT scanner (Somatom Definition, Sie-
mens Healthcare, Forchheim, Germany) [35] and a 1.5-
Tesla (T) MRI (Excite HDx, GE Healthcare, Waukesha,
WI, USA) with a standard imaging protocol were used
[36]. Sequences included sagittal T1-weighted (repetition
time/echo time [TR/TE], 500/13 milliseconds [ms]; field
of view [FOV], 240 mm), sagittal T2-weighted (TR/TE,
3160/112 ms; FOV, 240 mm), axial T2-weighted images
(TR/TE, 3,160/112 ms; FOV, 160 mm), and sagittal short
tau inversion-recovery images (STIR) (TR/TE, 4,760/44
ms; inversion time, 200 ms; FOV, 240 mm) (Fig. 1). Slice
thickness was 3 millimeters (mm), spacing 1 mm, and
number of excitations 2. Measurements were performed
between the twelfth thoracic and the first sacral level on
sagittal images. There was no inter-scanner variability
due to the use of one CT scanner and one MRI. Quality
assurance was guaranteed by regular maintenance at the
institution were this study was performed (level 1 Uni-
versity trauma center) including adherence to calibration
protocols.

Outline of measurements
Using patient charts was important in the evaluation
process. Utilizing an Impax viewer (Agfa Health Care
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GmbH, Bonn, Germany), one investigator carried out all
of the measurements. Measurements were clearly defined
and easy to measure, which is why only one investigator
was chosen to perform all measurements. Reliability of
measurements has been reported in other previous stud-
ies, but since intra- or interobserver correlation was not
investigated in this report, a second investigator chose a
random set of 10 patients to confirm the accuracy of the
first investigator’s measurements without finding any
deviations in measurements [37, 38]. Disc height repre-
sents the distance between the upper and the lower end-
plate of two adjacent vertebrae. It was measured in the
middle of the intervertebral disc in midsagittal planes
in the entire lumbar spine between the twelfth thoracic
(Th) level and first lumbar (L) level (Th12/L1) as well as
the fifth lumbar and first sacral level (L5/S1) of CTs and
MRIs according to previous reports (Fig. 2) [34]. Endplate
degeneration was analyzed according to a grading scale
introduced by Modic et al. (Fig. 3) [21, 22]. Grades were
dependent on signal intensity on T1- and T2-weighed
images. Grade 1 indicated accumulation of fibrovascu-
lar tissue in endplates with decreased signal intensity in
T1-weighted images and increased signal intensity in
T2-weighted images. Grade 2 indicated accumulation
of lipid in endplates with increased signal intensity in

Fig. 1 Magnetic resonance imaging (T1- and T2-weighted) and computed tomography of the lumbar spine. Sagittal MRI (T1- [left] and T2-weighted
[middle]) images as well as CT (right) image of the lumbar spine
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Fig. 2 Disc height (DH) in the lumbar spine. Sagittal MRI (T1-weighted [left]) and CT (right) images with examples of DH measurements (millimeters
[mm]) at L1/2 and L3/4

Fig. 3 Endplate degeneration (ED) in the lumbar spine. Sagittal MRI (T1- [left] and T2-weighted [right]) images of the lumbar spine. Grade 1 (top), grade
2 (middle) and grade 3 (bottom) of ED
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Table 1 Disc height (DH) based on measurements (mean
and standard deviation) of computed tomography (CT) and
magnetic resonance imaging (MRI) according to lumbar level
(n=198)

Lumbar level CT-DH MRI-DH Spearman’srho P-value’
Th12/L1 8.04(1.61) 961(1.74) 0781 <0.001
L1/2 9.17(1.86) 1096 (2.05) 0814 <0.001
L2/3 10.59 (248) 1243 (244) 0860 <0.001
L3/4 4(2.59) 13.13(2.87) 0.899 <0.001
L4/5 1142 (2 87) 13.08(3.09) 0.904 <0.001
L5/51 1047 (2.73) 1237(3.03) 0863 <0.001

Spearman’s rank correlation

T1- and T2-weighted images. Grade 3 indicated sclero-
sis of endplates with decreased signal intensity in T1- and
T2-weighted images. Of note, we also reported the lum-
bar level that was affected by ED. The pelvic incidence
was also recorded as previously described [39].

Pain
Patient charts were also evaluated for the presence of
lumbar back pain.

Statistics

In a first step of the analysis, we expressed distribution
of variables using means and standard deviation (SD) for
normally distributed data, and medians and interquar-
tile ranges for non-normally distributed data. We tested
data for normality with the Kolmogorow-Smirnow test
and performed quantile-quantile plots of dependent
variables.

We performed a simple linear or logistic regression
(without adjustment for confounders), and in the main
analysis, a multivariable linear or logistic regression
model adjusted for potential confounders, such as age
and sex [6, 8]. For all results, we reported point estimates,
95% (%) confidence intervals (CI) and p-values (<£0.05
considered significant). Spearman’s rank correlation
(Spearman’s rho) was used to compare CT- and MRI-
based measurements. As a guideline, values of >0.6 — <
0.8 indicate strong correlation and values between >0.8
—< 1.0 indicate very strong correlation. A receiver oper-
ating curve (ROC) analysis was performed to calculate
a cut-off point for the association between CT-DH and
MRI-ED. It needs to be taken into account that this has
several drawbacks, such as arbitrary selection, but it was
carefully chosen. We performed the statistical analy-
ses using the statistical program Stata (Version 12; Stata
Corporation, College Station, Texas, United States of
America).
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Table 2 Endplate degeneration (ED) according to lumbar levels

(n=196)
ED
Grade 1 Grade 2 Grade 3
Th12/L1-L3/4 5 (55.6%) 10 (23.3%) 3(50%)
L4/5-L5/51 4 (44.4%) 33 (76.7%) 3 (50%)
Results
Individuals

Our study included 198 individuals. The mean age was
50 (range 18-90) years. There were 75 (38%) females and
123 (62%) males. One hundred and fifty-five individuals
were excluded according to our exclusion criteria.

Disc height (DH)

Our results for CT-DH and MRI-DH (Fig. 2) accord-
ing to its specific lumbar level are shown in detail in
Table 1. There was a significant (p<.001) craniocaudal
increase from Th12/L1 to L5/S1. CT-DH was signifi-
cantly (p<.001) correlated with MRI-DH at the entire
lumbar spine. Slightly higher values were found on MRI
measurements. The mean difference between CT-DH
and MRI-DH for the investigated levels was 1.76 mm
(1.57 mm for Th12/L1, 1.79 mm for L1/2, 1.84 mm for
L2/3, 1.79 mm for L3/4, 1.66 mm for L4/5 and 1.90 mm
for L5/S1).

Endplate degeneration (ED)

Endplate degeneration (Fig. 3) was absent (grade 0) in
138 (70%) individuals. It was present in 58 (29%) individ-
uals, whereof grade 1 was seen in nine (5%) individuals,
grade 2 in 43 (21%) individuals and grade 3 in six (3%)
individuals. It could not be clearly determined in two
(1%) individuals. Endplate degeneration according to its
lumbar level is shown in Table 2.

The mean PI did not differ between individuals with-
out and with endplate degeneration (mean PI 56.4 [SD
9.6] versus 57.8 [10.5] degrees, adjusted differences —0.11
[95% CI -3.68-3.46, p=.953).

Individuals with ED also were more likely to have lum-
bar back pain, irrespective of age and sex (adjusted odds
ratio 2.52 [95% CI 1.15-5.53, p=.021; when comparing
ED grade 2 vs. 0 [grades 1 and 3 were not included in the
regression analysis due to small sample sizes]).

Disc height (DH) and endplate degeneration (ED)

A significant association was shown between CT-DH
and MRI-ED at the middle and lower lumbar spine with
a cut-off point at 11 mm. This indicates that DH val-
ues<1l mm are significantly (p=.017) associated with
present ED compared to DH values>11 mm, which are
associated with absent ED. Statistical associations did
not change when adjusting for age and sex (Table 3). Disc
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Table 3 Disc height (DH) (mean [standard deviation]) according to endplate degeneration (ED) at specific lumbar levels (n=196)

Level DH Unadjusted differences (95% Cl, p-value*) Adjusted differences (95% Cl, p-value*)
ED grade 0 (n=138) ED grade>1(n=58)

Th12/L1  95(1.6) 9.8 (2.0) 0.23 (-0.31-0.77, p=.395) -0.24 (-0.80-0.32, p=.400)

L1/L2 10.9(1.8) 11.0 (2.5) 0.06 (-0.57-0.69, p=.854) -0.14 (-0.82-0.54, p=.676)

L2/13 128 (2.1) 116 (2.9) -1.19(-1.92 - -045, p=.002) -1.10 (-1.89-0.31, p=.006)

L3/L4 13.6 (2.4) 11.9(3.3) -1.62 (-247 --0.78, p<.001) -147 (-2.37-0.56. p=.002)

L4/L5 13.7 (2.5) 114 (3.7) -2.30(-3.19--1.40, p<.001) -1.99 (-2.96 - -1.03, p<.001)

L5/S1 13.0(24) 109 (3.8) -2.05(-2.95--1.15,p<.001) -2.04 (-3.03 --1.05, p<.001)

"Wald test

Abbreviation: confidence interval (Cl)

height and ED were not significantly associated at the
thoracolumbar junction or upper lumber spine.

Discussion

Our study reports several novel findings regarding the
ongoing search for objective markers for ED. We found
CT-DH to be significantly correlated with MRI-DH at all
levels of the lumbar spine. Furthermore, we showed that
CT-DH loss and increased MRI-ED are associated at the
middle and lower lumbar spine, irrespective of adjust-
ment for age and sex.

Disc height (DH) on computed tomography (CT) and
magnetic resonance imaging (MRI)

Our study evaluates the association between measure-
ments of DH on CTs compared to MRIs. We also provide
important anthropometric data on numeric CT-mea-
surements of DH including the entire lumbar spine.
There are significant correlations between CT-DH and
MRI-DH. Measurements of MRI-DH were mildly higher
than CT-DH, which may be due to better visualization of
the disc and clearer borders of cartilage.

Taking our findings for the association of DH with ED
into account, we suggest decreased CT-DH as a surrogate
marker for a more severe MRI-ED in the lumbar spine.
This may be valuable to clinicians because CT scans are
much more common and readily available, especially in
trauma settings and preoperative planning, where MRI
is not indicated or available [33]. For example, a poly-
traumatized patient with a lumbar vertebral fracture in
need of spondylodesis showing a decreased DH on a CT
scan may benefit from an increase in DH during reduc-
tion in order to possibly halt ED and pain. However,
clinical decision-making should be based on compre-
hensive assessments and clinicians should only rely on
stand-alone CT scans when indicated. For example, if a
patient is suspected to have a disc herniation in addition
to a fracture, or if spinal fusion surgery is considered for
degenerative disease, an additional MRI is warrented.
Further prospective studies would be needed before
implementing this into routine clinical practice. Further-
more, younger patients with chronic pain may only have

to undergo an MRI for assessment of their degenerative
changes without exposing them to radiation from CT
scans.

Numeric DH measurements have mostly been carried
out on conventional radiographs [30], which may be too
inaccurate for specific conclusions [34]. In order to pro-
vide researchers and clinicians with valuable information
about this issue, Zhou at al. [34] opted to provide a data-
base of lower lumbar spinal characteristics based on CTs
of 126 patients with low back pain. Their measuring tech-
nique resembled ours and mean DH in the lower lumbar
segments were 11.6 (+1.8) mm for L3/4, 11.3 (£2.1) mm
for L4/5 and 10.7 (£2.1) mm for L5/S1. The decrease in
DH from L4/5 to L5/S1 is similar to our findings and may
be due to increased axial load at L5/S1. Another study by
Jaovisidha et al. [32] compared X-rays and MRIs in 100
patients with back pain. They reported that DH loss was
associated with DD, that is, anterior DH<11.3 mm and
posterior DH<5.5 mm at L5/S1. The anterior cut-off is
close to ours, which was set at the center of the vertebrae.

This adds valuable clinical information to the current
literature, where a recent study by Morbée et al. of 30 par-
ticipants found equivalancy of MRI-based synthetic CTs
to conventional CTs [19]. Another study by Schwaiger et
al. studied 104 patients with fractures and degenerative
changes and also found that morphologic assessement of
bone pathologies was feasible with MRI-based synthetic
CTs to conventional CTs [20]. Disc height was measured,
however, the exact location in the lumbar spine was not
stated. It showed excellent intraclass correlation of 0.99.
However, in every day clinical practice, using a special
software to convert MRIs into CTs is not feasible.

Disc height (DH) and endplate degeneration (ED)

As suggested by our findings, CT-DH loss may lead to
increased MRI-ED in the middle and lower lumbar spine.
The thoracolumbar junction and upper lumbar spine
remain largely unaffected. The explanation may be found
in the fact that reduced DH in the middle and lower lum-
bar spine leads to increased abnormal load forces in the
endplates making them more susceptible to injury [12].
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This is consistent with previous reports. In a prospec-
tive, longitudinal study of MRIs in patients with chronic
low-back pain, Kertulla et al. [18] evaluated degenerative
changes in the lumbar spine including DH with regard
to ED. They concluded that MRI-DH loss was associated
with increased MRI-ED. However, they did not measure
DH quantitatively, but only reported a visual grading
scale that may havve been more subjective. Their visual
grading scale involved comparison of DH at the affected
level to the level above. They also found DH loss and
increased ED to be located at the lower lumbar spine,
namely at L4/5 and L5/S1. Furthermore, a study by Igu-
chi et al. [6] pointed out that DH loss and older age were
the most common parameter for DD and spinal instabil-
ity. However, their measurement of DH was rather com-
plicated and may be too time consuming for easy clinical
use. Besides, they only examined one segment, L4/5, and
not the entire lumbar spine.

It is interesting to search for explanations why the
association of DH loss and increased ED are dependent
on spinal levels. Normally, thoracolumbar DH, mainly
involving the annulus [40] and disc volume, mainly
involving the nucleus [41], increase in a craniocaudal
fashion. This is supposed to reduce the risk of DD, such
as disc prolapse in the lower lumbar spine due to larger
vertical deformations and smaller pressure descents. This
craniocaudal change does not seem to be accompanied
by changes in endplates because the increase in endplate
area is much less pronounced than the decrease in DD
[42]. Compared to lumbar levels [8], decreases in tho-
racic DH represent a relatively low risk for DD, such as
disc prolapse [43] and back pain [44]. Besides, thoracic
ED is more uncommon than lumbar ED. Therefore, the
ratio of DH and endplates is smaller in the lumbar spine.
If there is DH loss due to increased axial loading at the
lower lumbar spine [10], endplates may be more prone to
ED.

The cut-off value for increased risk of ED with
DH<11 mm can be used to educate patients about their
risk of ED, and, although not the topic of this manuscript,
potential back pain, if their DH falls below the thresh-
old of 11 mm. If a patient has a DH well beyond 11 mm,
patients may rest assured and may not be followed up as
closely. However, if DH nears 11 mm, a closer follow-up
time period may be chosen. Additionally, MRI scans may
be ordered more liberally if DH nears 11 mm to search
for ED.

Pelvic incidence

We did not find an association between PI and ED.
While PI is associated with facet joint arthritis [39], pel-
vic anatomy may not influence endplates as much due to
less influence on the axial pressure in the anterior than
the posterior spine. It therefore appears that static spinal
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alignment may be less of an influencing factor for ED
than other multifactorial risk fuctors (e.g. genetics, aging,
metabolic factors).

Pain

Our study also showed that endplate degeneration at the
lumbar spine was associated with low back pain. Simi-
larly, an increase in angiogenesis and sensory nerve end-
ings in endplates along with ED of low back pain patients
was found by Brown et al. [45]. Furthermore, in a retro-
spective study of 150 elderly patients with chronic low
back pain, Ma et al. [46] reported a high incidence of ED
as well. There are several potential explanations regard-
ing the relationship between DH, ED and low back pain.
Endplates have free nerve endings and irritation (e.g. by
inflammatory response of mechanical instability) of these
nerves can result in pain. This is relevant for all patients
with lumbar back pain, as endplate degeneration may be
treated with lumbar fusion surgery, potentially alleviating
low back pain.

Limitations

The retrospective nature of this study is a limiting fac-
tor because of a potential bias of participant selection.
The generalizability to other populations, healthcare
settings, and timeframes needs to be done with caution.
Our results mainly correspond to the local population of
patients presenting to the emergency department with a
reason non-related to the spine, but this patient popula-
tion may be a particular subset of patients with poten-
tial different prevalence of back pain than the general
population. All of our participants presented to a hospi-
tal instead of being randomly recruited. Thus, they may
have been more ill and may not represent the general
population. If this was the case, findings may have been
influenced in a way that DH was lower and ED degen-
eration more common than in a normal population. Fur-
thermore, patients with pathologies potentially affecting
the discs were excluded with the potential for selection
bias and findings of this study cannot be inferred to these
populations. For example, fractures were excluded as
these may also have ruptured discs leading to changes in
disc morphology, such as reduced DH without ED. None-
theless, we tried to exclude individuals with a morbidity
that could have influenced our measurements. Besides, it
may be difficult to acquire healthy individuals for a study
like ours, because CT scanning is associated with a con-
siderable dose of radiation and healthy individuals may
be hesitant to undergo unnecessary CT scans. There were
several subgroup-analyses, which may render some find-
ings underpowered, so findings need to be interpreted
with care. However, a sample size of 198 patients is rather
large, and a post hoc power analysis for the association
between DH and endplate degeneration yielded 97%. In



Jentzsch et al. BMC Medical Imaging (2024) 24:213

addition, the quality and completeness of the CT and
MRI data was thoroughly assessed to ensure their reli-
ability. Furthermore, although this study identifies cor-
relations between CT-based parameters and MRI-based
findings, it does not establish causation.

Implementing CT-based DH measurements as a rou-
tine diagnostic tool may provide the benefits of high-res-
olution imaging for objective measurements, diagnostics,
and potentially surgical planning, but is associated with
radiation exposure (usually around 6 millisieverts, which
is equal to around 2 years of background radiation) and
costs (several hundred dollars), which are higher than in
X-rays or MRI. Therefore, CTs should only be used when
deemed necessary. Since the mean age of patients in this
study was 50 years, clinicians may be particularly careful
in applying the findings of this study to younger patients.

There was no control group or healthy individuals for
comparison in this study. Even so, we were able to include
a large number of individuals in order to provide a suf-
ficient sample size in each group for adequate statistical
analysis. Besides, we were able to adjust for age and sex
because increasing age leads to stiffness of the annulus
and female sex is associated with increased bone fragil-
ity [6, 8]. Although age and gender was adjusted for, there
are several other potential confounders, such as comor-
bidities, patient history, and other clinical variables that
could influence the findings of this study.The reported
cut-off point at the middle and lumbar spine may not be
applicable to different lumbar levels because there is a
general cranio-caudal trend toward lower DH and further
studies are recommended. Furthermore, in vivo measure-
ments on MRI deliver precise information on DH and ED
in not only specific levels, but in the the entire lumbar
spine when compared to previous cadaveric studies [8].
There were no unexpected limitations encountered dur-
ing data collection of analysis.

The findings should be validated in an independent
dataset or through prospective studies to assess the
generalizability of the results. Future studies may opt
to utilize U-Net models for automatic segmentation,
within-modality synthesis, image-based radiomics and
machine learning systems including clinical data, which
may take into account the patient-reported outcome
measures before and after surgical treatment, such as spi-
nal fusion, to increase the predictive performance of DH
for endplate degeneration as previously shown in other
fields, such as cognitive decline in Parkinson’s disease
using clinical and computed tomography [47-51].

Conclusions

In the lumbar spine, there is a correlation between disc
height on CT and MRI. This can be useful in trauma
and emergency cases, where CT is readily available in
the lack of an MRI. In addition, in the middle and lower
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part of the lumbar spine, loss of disc height on CT scans
is associated with more pronounced endplate degenera-
tion on MRIs. If the disc height on CT scans is lower than
11 mm, endplate degeneration on MRIs is likely more
pronounced. Therefore, if a patient presents with an
initial CT scan with a disc height close to or lower than
11 mm, physicians need to be more liberal in ordering
an MRI to assess for endplate degeneration, which may
cause pain and may be treated with spinal fusion.
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