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Abstract

Purpose Vertebral endplate abnormalities may be associ-
ated with disc degeneration and, perhaps, pain generation.
However, consensus definitions for endplate findings on
spine MRI do not exist, posing a challenge to compare
findings between studies and ethnic groups. The following
survey was created to characterize the variability among
the global spine community regarding endplate structural
findings with respect to nomenclature and etiology.
Methods A working group within the International Society
for the Study of the Lumbar Spine (ISSLS) Spinal
Phenotype Focus Group was established to assess the
endplate phenotype. A survey which consisted of 13 T2-
weighted sagittal MRIs of the human lumbar spine illus-
trating the superior and inferior endplates was constructed
based on discussion and agreement by the working group.
A list of nomenclature and etiological terms with historical
precedence was generated. Participants were asked to
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describe the endplates of each image and select from 14
possible nomenclatures and 10 etiological terms along with
the option of free text response. The survey was entered
into RedCap and was circulated throughout the ISSLS
membership for data capture. Participants’ demographics
were also noted.

Results The survey was completed by 55 participants (87%
males; 85% above 45 years of age, 39 clinicians, and 16
researchers). Sixty-eight percent of researchers and sev-
enty-four percent of clinicians reported more than 16 and
20 years of research and clinical experience. Considerable
variation existed in selection of nomenclature, etiology,
and degree of severity of the endplate structural findings
(reliability coefficients for single measures in each case
were 0.3, 0.08, and 0.2, respectively). Sixty-seven percent
regarded Modic changes as being a structural endplate
finding. Approximately 84 and 80% of clinicians and
researchers, respectively, agreed that a standardized end-
plate nomenclature and understanding the etiology is
clinically important and needed.

Conclusions This study found that variations exist with
respect to endplate nomenclature and etiology between
clinicians and basic scientists, and paves the way for a
consensus process to formalize the definitions.

Keywords Endplate - Spine - Nomenclature -
Classification - Etiology - Phenotype - Survey - ISSLS

Introduction

The vertebral endplates are located adjacent to the inter-
vertebral discs throughout the spine and are important
components of the spinal motion segment [1-4]. The
endplates are the key regulators of nutritional support to the
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disc, maintain the stress—strain relationship between the
vertebral bodies and the disc material, prevent the loss of
macromolecules, and support the positional integrity of the
disc [1, 5-7]. Various alterations of the endplates have
been identified and linked with disc degeneration changes
on magnetic resonance imaging (MRI) and low back pain,
stressing their clinical relevance [2, 3, 8§-14].

Although computed tomography (CT) scans are ideal in
defining the osseous architecture of the spine, such imaging
is associated with increased and potentially harmful levels
of ionizing radiation exposure to the individual. Although
the radiation dose exposure by plain radiographs is less
than CT, endplate architecture is often obscured by axially
tilted vertebral body segments. As such, MRI (e.g., T2-
weighted) has been commonly used to address structural
endplate findings and is ideal to assess soft tissue changes
of the disc. Based on this modality, numerous endplate
classification schemes have been reported, emphasizing
distinct variants that associate with more severe forms of
disc degeneration [3, 8, 9]. Nonetheless, it is unclear
whether these endplate changes are the cause or conse-
quence of disc degeneration. For example, it is common
that the conventional MRI sequences show some disc
levels with endplate changes adjacent to a non-degenerated
disc, yet, other levels may show disc degeneration without
endplate changes [2, 3, 14].

In vivo diffusion studies on human volunteers suggest
that endplate damage can play a crucial role in the initia-
tion of disc degeneration [7, 15]. Various mechanical
studies noted that even minor endplate damage may lead to
“high stress gradients” within the disc that precipitate disc
degeneration and failure [16—19]. Yet, controversy remains
regarding links between endplate changes and spine
degeneration [2, 3, 20-23] as well as pathogenesis, distri-
bution throughout the spine, age effects, and ethnic
propensities [21, 24-28].

The proposed causative factors of endplate changes are
numerous, and there is variable understanding whether the
etiology is congenital, developmental, or traumatic
[21, 25, 29, 30]. Studies have noted that the prevalence of
specific types of endplate change, although not entirely
specific, may be heritable [14, 31, 32]. Few studies have
yet reported genome-wide significant gene effects related
to endplate change—not least because a standardized def-
inition is not yet available for the phenotype, but despite
attempts, this is also noted with disc degeneration on MRI
[33, 34]. In addition, structural endplate findings (i.e., non-
Modic changes) are not yet clearly related to low back pain
and, in keeping with many MRI changes, may be evident in
both symptomatic and asymptomatic people [35-38].

All these clinical and research ambiguities surrounding
the endplate might be due to heterogeneity across studies
in relation to phenotypic classification of endplate

observations or findings [4, 38]. The most common
structural alteration noted during radiological and quali-
tative visual observations of cadaveric endplates include
fractures [4, 8, 39], erosions [4, 8, 40], micro-trauma [41],
vertebral rim lesions [42], and calcifications [4, 8], while
clinical MRI imaging interpretation mostly refer to these
structural changes as “Schmorl’s nodes”. Schmorl’s
nodes were first described by Christian Georg Schmorl in
1927 based on plain radiography and dry specimen
observations [43], but a contemporary interpretation of
Schmorl’s nodes is lacking [4, 3, 44]. The role of Sch-
morl’s nodes in back pain also remains controversial, as
there is great variability in the reported prevalence and
association with disc degeneration and clinical findings
[2, 14, 28, 36, 37, 45-47]. All these conflicting observa-
tions are highly suggestive that all endplate changes
should not belong to a singular nomenclature type. The
difference in the shape, size, and location of endplate
structural architecture and findings likely influence the
adjacent disc differently [3, 8, 40], which may affect the
surrounding innervation and pain probability; however
[10], whether every structural changes are highly inner-
vated and linked with low back pain is questionable. Also
important to note that most studies include both “endplate
structural alterations” and “vertebral bone marrow
lesions,” (i.e. Modic changes), as “endplate changes”.
Modic changes are signal intensity changes on MRI in the
subchondral bone marrow region, and are highly associ-
ated with disc degeneration and back pain [11, 48-52].
Modic changes appear as hypo- or hyper-intense signals
over the area of the endplate, and believed to be associ-
ated with structural endplate breaks and changes; how-
ever, the exact pathogenesis of this phenomenon is not
clearly understood [12, 53-58]. It is assumed that some of
the endplate structural changes, such as micro-fractures
and fissures, might be major cause of Modic changes
[57, 59].

Currently, there is no consensus within the global spine
community regarding phenotypic classification of “struc-
tural endplate” findings. In the absence of such an agree-
ment, it remains challenging to determine the endplate’s
role in disc degeneration, as well as other spinal pheno-
types, and pain generation through systematic aggregation
of different studies and replication of findings, especially
for various omics research platforms. As such, to advance
the phenotypic classification and ultimately establish a
standardized nomenclature scheme for structural endplate
findings, it is important to start by summarizing the current
perspective of the spine community. Therefore, our goal
was to conduct a survey of a multidisciplinary group of
spine experts to gauge the extent of variation in the inter-
pretation of endplate structural findings as seen on MRI
with respect to nomenclature and etiology.
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Methods

The International Society for the Study of the Lumbar Spine
(ISSLS: http://www.issls.org) was established in 1974 and is
the oldest, multidisciplinary, and international society
focusing on all aspects of the lumbar spine and low back pain.
The society has a membership of approximately 250 mem-
bers worldwide who are vetted and voted for inclusion based
on their experience/contribution in spine research. In June of
2013, the International Spine and Pain Consortium (http://
www.spine-consortium.org) was established based on a
grant from ISSLS, whereby leading experts in the field of
imaging, omics, and clinical profiling were brought together
to address large-scale phenotyping and other risk factors
related to spine changes and pain. An extension of that, in
June of 2014, the ISSLS Spinal Phenotype Focus Group was
established. Within that framework, a vertebral endplate
working group was established to address the nomenclature,
etiology, and other matters regarding the endplate. In Octo-
ber of 2016, a survey was initially drafted to address such
objectives and was based on detailed discussion and agree-
ment by the working group. The domains consisted on
demographics of the participant, nomenclature, and etio-
logical interpretation of structural endplate findings, and
perception of endplate relevance. After subsequent refine-
ments and consensus on question structure and material
presented within the survey, it was uploaded upon a RedCap
(Nashville, Tennessee, USA) online system for data cap-
turing. The survey was circulated via email to the ISSLS
membership in November of 2016 by the ISSLS Secretariat.
Instructions were given to the participants to complete the
survey within 2 weeks, with email reminders circulated at
various time points to the membership to address the survey.
Institutional Review Board approval and informed consent
was obtained at the senior authors’ institution to obtain
images of subjects to assess their vertebral endplate integrity
for research purposes. All images were anonymized. It was
conveyed to all ISSLS participants in the invited emails that
data gathered will be used for presentation and publication
purposes.

The nomenclature and etiological domains consisted of
13 distinct T2-weighted sagittal 3T MRIs of lumbar spine
motion segments, illustrating the superior and inferior
endplates with the intervertebral disc fully visible. Images
were chosen to represent common endplate findings by
consensus. These 13 images showed endplates with several
different forms and shapes of lesions along with some
having no apparent finding. The working group developed
a list of nomenclature and etiological terms with historical
precedence based on the reported literature. Participants
were asked to describe both endplates of each image and
select one option from 14 possible nomenclatures and 10
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etiological terms. The option of free text response was also
included to invite qualitative comment to enhance inter-
pretation. The list of nomenclature terms included Normal,
Abnormal, Atypical, Changes, Defect, Erosion, Findings,
Fracture, Irregular, Mixed lesion, Schmorl’s node, Typical,
Other, and Not sure/Don’t know. The options for etiolog-
ical terms given were Not applicable, Congenital, Degen-
erative, Developmental, Genetics, Infection, Metabolic,
Traumatic, Other, and Not sure/Don’t know.

The severity of each endplate finding was also rated from
Not severe, Mild, Moderate, and Severe to Very severe. Par-
ticipants’ demographics including age, gender, country of
residence, main specialty, educational background, and years
in spine research or clinical practice were also asked. The
questions regarding the clinical utility of having a standard-
ized nomenclature and understanding the etiology of endplate
findings were added at the conclusion of the survey

All data were captured and entered upon a spreadsheet.
SPSS (Chicago, Illinois, USA) version 22 was utilized to
perform the statistical analyses. Descriptive statistics
involving frequency and percentage distributions were used
to establish general trends of all domains. Intra-class cor-
relation coefficient (ICC) was used to measure the relia-
bility/agreement of responses and the following scales
were considered to measure the strength of the coefficient:
>0.90 = excellent, >0.80 = good, >0.70 = acceptable,
and <0.69 = poor [60]. 95% confidence intervals (CI)
were noted to assess the precision of the coefficient.

Results
Demographics

In total, 91 individuals logged in online to undertake the
survey; however, 55 of these (87% male; 85% above
45 years of age) were able to complete the entire survey
(Table 1). Among the respondents, 71% were clinicians,
representing a variety of clinical backgrounds, whereas the
rest were clinician-scientists or researchers (Table 1). Of
all of the clinicians, 74% completed their final training
since more than 20 years ago, while among researchers,
68% reported more than 16 years of research experience
(Table 1). Almost 67% of the respondents reported expe-
rience of conducting research on the endplates and 47% of
the participants were aware of an endplate classification
scheme as reported in the literature.

Endplate nomenclature

Considerable variation existed in selection of name (i.e.,
nomenclature), etiology, and degree of severity of the
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Table 1 Demographics and responses by ISSLS survey participants

Section (n) Descriptor Number of Response rate
responses (%)
Age (55) 25-34 7.3
35-44 7.3
45-54 14 254
55-64 20 36.4
65 or above 13 23.6
Gender (55) Male 48 87.3
Female 7 12.7
Country of residence (55) Asia pacific 21 38.2
Europe 18 32.7
USA and Canada 16 29.1
Main specialty (55) Basic Science/Clinical Researcher 16 29.1
Clinician (surgical/non-surgical) 27 49.1
Clinician and researcher 12 21.8
Education back ground-researchers (16) Epidemiology + others 6 37.5
Biomechanics +others 4 25
Bioengineering + biomechanics + cell 3 18.7
Biology 2 12.5
Biochemistry + cell biology 1 6.2
Neurophysiology
Clinical specialty-clinicians (39) Orthopedics 31 79.5
Physical medicine and rehabilitation 2 52
Physical- therapy 1 2.5
Rheumatology 2 5.2
Other 1 2.5
Nuclear medicine 1 2.5
Neuroradiology 1 2.5
Spine fellowship is completed (39) Yes 28 71.8
No 11 28.2
Type of spine fellowship (39) Surgical 19 48.7
Clinical 3 7.7
Surgical/clinical 6 15.4
NA 11 28.2
Years since clinical training completed 1-5 years 3 7.7
39) 6-10 years 2 5.1
11-15 years 2 5.1
16-20 years 3 7.7
21-25 years 7 18
25-30 years 8 20.5
30 years and above 14 35.9
Location of practice (39) Urban 32 82
Rural 5 12.8
Urban/rural 2 52
Years in spine research (28) 1-5 years 3 10.7
6-10 years 1 3.6
11-15 years 5 17.8
16-20 years 4 14.2
21-25 years 1 3.6
25-30 years 2 7.3
30 years and above 12 42.8
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Table 1 continued

Section (n) Descriptor Number of Response rate
responses (%)
Performed research into endplate (55) Yes 37 67.2
No 18 32.8
Aware of any endplate structural grading/classification scheme (55) Yes 26 473
No 29 527
Consider Modic changes as endplate findings (55) Yes 37 67.3
No 18 327
Involving both endplates is more significant (55) Yes 38 69
No 17 31
Endplate findings associated with- (option to select all that apply)  Disc bulge/protrusion 13 23.6
Disc degeneration 45 81.8
Disc herniation 21 38.1
Facet joint alignment 4 7.3
Facet joint degeneration 6 10.9
High-intensity zones 6 10.9
Modic changes 25 45.5
Narrow disc height 23 41.8
Narrow spinal canal 1 1.8
Vertebral osteophytes 9 16.4
None of the above 3 5.5
Not sure/don’t know 0 0
Other 4 73
Clinical utility in understanding endplate findings (55) Yes 44 80
No 3 5.5
Not sure/don’t know 8 14.5
Clinical utility in having standardized nomenclature of endplate Yes 46 83.6
findings (55) No 1 1.8
Not sure/don’t know 8 14.5

ISSLS International Society for the Study of the Lumbar Spine

endplate structural findings among the respondents. The
reliability coefficient in naming the structural finding was
0.3 (95% CI 0.20-0.45). The range of agreement on
nomenclature items varied from endplate to endplate
(2-83%). The naming of the structural findings for most of
the endplates was very much variable among the respon-
dents (Fig. 1). On almost 81% of the endplates (n = 21),
not more than 50% of the respondents could agree on any
one nomenclature item. The two most commonly selected
nomenclature items were Schmorl’s node and Normal. On
few endplates (n =3, 11.5%), more than half of the
respondents agreed on the term Schmorl’s node for the
structural finding. The highest mutual agreement was 83%
and entailed Schmorl’s node whereby both of the endplates
of one motion segment had distinct findings (Fig. 2). The
second most commonly selected item was Normal. More
than half of the respondents agreed on the item Normal on
two endplates. Only one of the respondents suggested the
nomenclature terms Adaptive and Vertebrae Height
Increase in the open-ended option.

@ Springer

Endplate etiology

The reliability coefficient in the interpretation of endplate eti-
ology was 0.08 (95% CI10.04-0.15). The range of agreement for
different etiological items varied between 2 and 78% (Fig. 3).
On almost 62% of the endplates (n = 16), the maximum
mutual agreement did not exceed more than 50% on any one of
the etiology items. Maximum agreement of 78% was seen with
the term Degenerative on one of the endplate examples (Fig. 3),
whereas the second most commonly used term was Not
applicable. The other terms suggested by few respondents were
Adaptation/Remodeling, Inflammation, and Imaging Artefact.

The reliability coefficients to determine the severity of
the motion segment were 0.2 (95% CI 0.1-0.6). The range
of agreement was 2-53% (Fig. 4). Only on one of the
motion segment examples, more than half of the respon-
dents (53%) agreed on one item (i.e. moderate severity),
whereas on the remaining motion segments (n = 12, 92%),
the mutual agreement did not exceed more than 50% on
any one of the items by the respondents.
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Fig. 1 Structural endplate nomenclature item responses for the a superior endplates (SEP) and the b inferior endplates (IEP) of each 13 motion

segment sample on magnetic resonance imaging

General queries

Approximately 67% of the respondents noted Modic
changes as endplate findings and 69% suggested that
involvement of both (superior and inferior) endplates
could be more significant as compared to one. Most
commonly associated conditions with endplate findings
were disc degeneration (82%), Modic changes (45%), and
narrow disc height (42%). Approximately 84% of the
respondents agreed that a standardized endplate nomen-
clature is needed and 80% agreed that understanding the
etiology is clinically important. In terms of grading the
importance to have a standardized endplate structural
nomenclature scheme, the top three responses were as
follows: pathogenesis of disease (33%), genetic research
(31%), and identifying the pain source (29%). Due to the
sample size of respondents, it was not practical to assess
specific demographic factors in relation to the responses
in the various domains.

Discussion

This study represents the first attempt to define the vari-
ability and/or agreement of the nomenclature and etiology
of structural endplate findings among the global spine
community of skilled and knowledgeable clinicians and
scientists. Based on participation by members of the
ISSLS, we noted that a significant variability exists as to
how endplate findings on MRI are interpreted and per-
ceived. Wide ranges of variability in the responses for
endplate nomenclature, etiology, and rating of severity
were seen on 13 different motion segments based on MRI.
In the nomenclature section, only on 19% of the endplates,
we noted that more than 50% of the respondents agreed on
one item. Furthermore, regarding endplate etiology, only
38% of the endplates showed agreement of more than 50%
of the respondents on any one item. In rating the severity of
the motion segments, only one motion segment received
agreement of more than half of the respondents.
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Fig. 2 Magnetic resonance images of two sample motion segments
(left) and survey responses of their corresponding nomenclature.
a Highest mutual agreement for Schmorl’s node nomenclature

Approximately, 82% of the endplates did not receive
mutual agreement on any one of the nomenclature items by
more than 50% of the respondents. Normal and Schmorl’s
node were the only two nomenclature items on which more
than half of the respondents agreed upon, while remaining
items did not achieve mutual consensus on any one of the
endplates. Those endplates with straight, concave, or mixed
appearance were selected as Normal by most of the
respondents and achieved more than 50% of the consensus.
Although the morphometry and endplate shapes have been
explored by many previous studies for various purposes
[61-63], it is recognized and relatively accepted that end-
plate shape changes with degeneration [20, 63—-65] and that
flatter endplates are more associated with disc degeneration
as compared to concave or other types; however, this
concept can also be questionable [64-66]. The reported
responses highlight the variability and difference of opin-
ion based on this understanding. The rounded deep defects
with smooth looking margins (n = 3 endplates) were the
ones more likely regarded as Schmorl’s nodes by more
than half of the respondents. This trend illustrated that
some unanimity existed on such typically rounded, slightly
deep structural findings, even though there were still
20-60% of the respondents who selected other item options
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selection was noted for this image for both endplates. b High
variability in nomenclature selection is seen for this image for both
endplates. SEP superior endplate, /EP inferior endplate

in these cases. However, the concept of what is a Schmorl’s
node is poorly defined [4], since it would appear in the
literature that even this aforementioned definition and
visual appearance seems to often be combined with other
endplate findings and regarded as the same nomenclature
[3, 44].

Regarding opinions addressing the etiology of endplate
changes, considerable variation also existed between the
participants, whereas Degenerative and Not applicable
were the items of maximum consensus. Over the last 2
decades, studies addressing the most commonly occurring
endplate finding, Schmorl’s nodes, have suggested that
they are highly heritable and also linked with a develop-
mental origin [14, 21, 67, 68]. Interestingly, in the current
study, the two endplates which were deemed as Schmorl’s
nodes by 83% of the respondents, the corresponding eti-
ology showed variation whereby 42% of the respondents
noted it to be Developmental, 17% as Degenerative, and
13% opted for Not Sure. This discrepancy of the etiology
based on one of the more agreed upon nomenclature items
further underscores the conflicting views of the spine
community upon endplate findings.

Despite the fact that almost 70% of the respondents were
clinicians, only one motion segment achieved more than
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Fig. 4 Responses in rating the severity of each 13 motion segment (MS) samples on magnetic resonance imaging

50% of agreement with respect to rating its clinical
severity. Defining and understanding the severity of certain
structural endplate findings are important for treatment and
future management of patients, while at the same time, its
significance for research is also critical. In the current

study, many of the respondents recognized Modic changes
as an endplate structural finding and its corresponding
grading scheme as the one most familiar [52].
Conceivably, lack of agreement on endplate structural
findings and pathogenesis might be linked to significant
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variability in the literature regarding the clinical relevance
of the endplate findings on MRI. Over the last few years,
vertebral endplate research has gathered tremendous
momentum and its importance and association with disc
degeneration and back pain has taken center stage
[10, 18, 26, 69—71]. However, in determining the precise
role of these morphological alterations in the disc degen-
erative process and pathogenesis of back pain, a deeper
understanding and appreciation is required. Of particular
interest, approximately 80% of the respondents felt that the
clinical relevance and utility of an endplate nomenclature
scheme is important and is greatly needed.

As with any clinical study and survey, limitations
inherently exist. Although our study reflected the opinions
of 55 individuals, equal amount of participation was seen
from three major regions of the world (Asia Pacific,
Europe, and North America). The MRIs selected for this
survey were representative of some routinely observed
findings whose selection for inclusion was brought upon
by an expert working group of endplate researchers and
clinicians. The majority of the researchers and clinicians
who eventually participated in the online survey were
adequately experienced and trained in their respective
fields and had already some experience addressing the
vertebral endplates. Along with the designated choices of
items, open-ended options were also available and
through this process additional terms/items were flagged
for future consideration. Though 91 respondents attemp-
ted to complete the survey form, only 55 were able to
complete and submit it. This 40% failure to complete the
survey may have been a result to the amount of personal
time that each participant had to address to complete the
entire survey as it may have been deemed lengthy. As a
result, it may be perceived that more dedicated and
committed individuals with an interest in the endplate
completed the survey; yet, if this assumption remains true,
the variability and lack of agreement of endplate findings
is rather substantial among the even more experienced
demographic. Lack of participation of experienced radi-
ologists might be another possible limitation of this study.
Future work will aim to include experts from other rele-
vant disciplines and to increase the sample size of par-
ticipants to help determine the various factors that may
contribute to individual and collective variation or lack of
agreement with respect to endplate interpretation and its
clinical relevance. Furthermore, survey consists of only
T2-weighted sagittal MRIs and not TI1-weighted.
Although the aim of the current study was to assess
variability based on the imaging that was provided, we
hope that future studies can also include T1-weighted
sequences in an attempt to further refine the interpretation
of the structural endplate findings.
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Conclusions

This is the first study to determine the variation/agreement of
structural endplate findings on MRI with respect to their
nomenclature and etiology among the global spine com-
munity. Our study found that substantial variation exists
among clinicians and scientists with respect to this platform.
Our study underscores the critical need for standardized
nomenclature of endplate structural findings, and motivates
future efforts to develop consensus between clinicians and
researchers worldwide. In an age of big data studies con-
sisting of genomics, metabolomics, proteomics, and other
platforms, understanding the endplate phenotype is essential
to identify cases of interest and to avoid false positive and
questionable findings. With such knowledge, new and more
precise molecular pathways of the condition could be iden-
tified and discovered, enhance biomechanical and animal
model approaches, novel and targeted therapeutics can be
developed, and a more personalized approach or patient
profiling can be constructed to ultimately benefit the care and
outcomes of patients. Furthermore, having a global con-
sensus of endplate findings may facilitate a deeper under-
standing of the degenerative process of the disc as well as
improve patient selection for biological therapies that aims to
regenerate or halt the degeneration of the disc and subse-
quent discogenic pain. Along these same lines, having an
understanding of the endplate may further broaden the field
of vertebrogenic or endplatogenic origins of back pain with
future development of endplate targeted therapies, and per-
haps more advanced imaging to assess sub- or endplate
phenotypes that are clinically relevant.
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