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Abstract
Purpose  To summarize the scope of nomenclature and measurement methods used to document endplate defects in the 
health sciences literature.
Methods  The scoping review followed the York framework and was reported according to the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses extension for Scoping Reviews. The databases of PubMed, Scopus, Embase and 
CINAHL were searched using key terms. Screening and selection were conducted by two independent reviewers. A stand-
ardized, pilot-tested form was used for extracting data, which were analyzed descriptively.
Results  The review included 211 studies, originating from 29 countries, with the USA (18.8%) and China (12.26%) as lead-
ing contributors. Thirty-four different terms for structural endplate defects were reported, but were never defined in most 
studies (65%). Of the 34 different terms used, some appeared to represent the same phenomenon, while the same terms were 
occasionally defined differently between studies. Schmorl’s nodes were most commonly investigated (n = 99 studies) and 
defined similarly across studies, with the main difference relating to whether the indentation (node) was required to have a 
sclerotic margin. There were also similarities in definitions for endplate sclerosis. However, there was great variability in 
the definitions of other terms, such as lesions, irregularities, abnormalities, erosions and changes.
Conclusion  With the possible exception of Schmorl’s nodes, we lack a common language for effectively communicating 
structural endplate findings. This review provides a foundation and impetus for standardizing terminology and core measures 
to improve communication and synthesis of the growing body of endplate research to advance related knowledge.
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Introduction

In the quest for the pathogenesis of back pain, structures 
of the functional spinal unit (FSU), including the vertebra, 
intervertebral disc and other osteoligamentous structures, 
are assumed culpable. Previous studies have focused pri-
marily on the disc, despite being largely avascular and 
aneural, with many conflicting findings among studies. 
While disc degeneration has been associated with back 
pain [1], evidence also shows that disc degeneration is 
common among individuals without back pain [1, 2], 
limiting its clinical utility [3]. Advances in imaging are 
allowing better visualization of spinal structures, such as 
the endplate, which are increasingly becoming targets of 
investigation. The endplate is a thin mechanical interface 
between the vertebral body and disc and serves to absorb 
the pressure that results from mechanical loading of the 
spine. Together with the disc, it helps to evenly distribute 
the compressive load across the vertebral body [4] and is 
predisposed to mechanical failure [5] that may lead to high 
stress gradients and precipitate disc degeneration [6, 7].

A previous study [8] noted that findings of disc degen-
eration are closely linked to changes in the vertebral end-
plate. Furthermore, Wang et al. [9] found a clear asso-
ciation between endplate defects and both occasional 
(OR = 8.68, 95% CI 1.13–66.69) and frequent (OR = 17.88, 
95% CI 2.48–129.02) back pain that remained after adjust-
ing for disc degeneration. This and other studies [10, 11] 
have suggested a role for endplate defects in the patho-
genesis of back pain. Such evidence has shifted research-
ers’ attention to the endplate, which is more vascular and 
neural than the disc. It is not clear, however, if all types 
of endplate defects contribute similarly to the develop-
ment of pain or specific pathology [12]. There is also a 
wide range in the prevalence of endplate defects (9–75%) 
reported across studies. Variations in endplate classifica-
tion or measurement methods and characteristics of the 
study subjects may have contributed to inconsistencies in 
findings [13, 14].

Highlighting the problems associated with discrepan-
cies in endplate research findings, a recent study by Zehra 
et al. [15] indicated wide variations in endplate nomen-
clature used among ‘expert’ clinicians and researchers in 
naming various endplate structural defects observed on 
MRI. While other terminology may eventually be pre-
ferred, in the absence of consensus on nomenclature, the 
authors use the general term “endplate defect” when dis-
cussing such structural phenomena in the present review. 
It is possible that the clinical and research ambiguities 
surrounding endplate defects may be largely due to lack of 
well-standardized definitions and evaluation criteria, and 
subsequent heterogeneity of measurement methods [16]. 

To date, we found no review of literature on nomencla-
ture and classification of structural endplate defects. A 
systematic search and selection of studies reporting end-
plate defect nomenclature and measurement methods, and 
summary of key findings, could serve as the foundation to 
develop a standardized nomenclature scheme for endplate 
defects needed to improve the accuracy of communication 
and the pooling and synthesis of findings across studies to 
move the field forward.

Methods

This scoping review of the health sciences literature on 
structural endplate defects was designed according to the 
standard recommendations of the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) (ESM_1.dox: PRISMA 
checklist), and the literature search was guided using the 
York framework as proposed by Arksey and O’Malley [17]. 
The York framework was used in establishing the scope and 
extent of available literature in the predefined area, endplate 
defects, in a five-stage process. The protocol for the review 
was registered at Open Science Framework (https​://osf.io/
r92ux​).

Stage one: the research questions

The research questions were developed based on the pur-
pose of the review. The primary aim of the review was to 
answer the question: what nomenclatures and phenotypic 
classifications have been used in determining the presence 
of endplate defects? The secondary research question was: 
what measurements have been used to characterize endplate 
defects and what are their reported psychometric properties?

Stage two: search strategy

An initial search was conducted with a medical and health 
sciences librarian based on the research questions and pre-
specified eligibility criteria. The search strategy was further 
refined iteratively based on the librarian’s recommenda-
tions and input from spine imaging and endplate research 
experts. The databases of PubMed, Scopus, Cumulative 
Index of Nursing and Allied Health literatures (CINAHL), 
Google scholar and EMBASE were searched. Medical Sub-
ject Headings (MeSH) for all the key terms were searched 
and combined using appropriate combinations of Boolean 
operators. ESM_2.pdf contains the detailed description of 
the search strategy for each of the databases used.

https://osf.io/r92ux
https://osf.io/r92ux
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Stage three: eligibility and screening

The review includes articles that meet the following inclu-
sion criteria: (1) studies that report on structural endplate 
defects among human subjects; (2) studies that primarily 
measure macroscopic endplate defects; and (3) studies that 
report nomenclature or measurement procedures for the pres-
ence, type or extent of endplate defects. Discussion or position 
papers, commentaries or conference proceedings or abstracts 
were excluded. The search was not limited by study design 
or date of publication. Articles from the searched databases 
(PubMed, Scopus, CINAHL, Google scholar and EMBASE) 
were compiled and transferred into a citation manager (End-
note). Duplicates were removed, and the remaining articles 
were then imported into review management software (Covi-
dence; Melbourne, Australia: Veritas Health Innovation), for 
independent and blinded screening by the reviewers. A series 
of training exercises were conducted prior to commencing 
screening. Percent agreement of > 75% between the reviewers 
was achieved before commencing the screening. Two review-
ers then independently screened the identified articles. Also, 
reference lists of all included articles were checked for addi-
tional articles suitable for inclusion, which went through the 
same review process.

Stage four: data collection and extraction

A developed data extraction form was used and included the 
following: (1) citation; (2) year of publication, (3) country 
of origin; (4) study purpose; (5) study design; (6) endplate 
defect rater (e.g. radiologist, research assistant, etc.); (7) 
population sample (e.g. patient or general population sam-
ples, age and sex distribution, etc.); (8) imaging modality; 
(9) description of measurement classification and nomencla-
ture; and (10) psychometric properties of the measurements.

Stage five: collating, summarizing and reporting 
the results

Results of the search were collated, summarized and 
reported descriptively using figures and tables. Also, 
descriptive qualitative analyses for themes and content 
related to definitions of the identified endplate phenotypes 
were carried out, including use of the software (NVivo) 10 
(QSR International Pty Ltd; Doncaster, VC).

Results

Search and selection

Figure 1 shows the flow diagram for the systematic selection 
of eligible articles for inclusion in the review. The online 

search of the five databases yielded a total of 2767 cita-
tions, of which 395 were identified as duplicates. Following 
title and abstract screening of the remaining 2372 citations, 
2037 citations were identified as irrelevant to the scope of 
the review. Full texts of the remaining 335 articles were 
reviewed based on the inclusion criteria, which resulted in 
the exclusion of 141 articles. Review of the reference lists 
of the 194 included articles yielded 17 additional articles. 
Thus, a total of 211 articles were included for the review, 
for which a detailed summary of characteristics is presented 
in ESM_3.pdf.

Characteristics of the included studies

Table 1 shows the characteristics of the 211 included studies 
of Schmorl’s nodes and other nomenclatures. These studies 
originated from 29 countries, with the greatest number of 
contributions from the USA (18.8%), China (12.3%) and 
Japan (10.8%), while Canada and Finland contributed 6.6% 
each. The publication dates ranged from 1976 to 2019, with 
more than 55% of the studies published within the last dec-
ade (2010–2019). Retrospective and prospective cohort 
(n = 95, 45.0%) were the most common study designs used. 
Studies on patients were the most frequent (n = 109, 51.7%), 
followed by general population samples (n = 65, 38.8%).

One hundred and thirty-seven (64.6%) of the included 
studies did not offer defining criteria for at least one term 
used to describe endplate defects. Of those studies that 
investigated only presence or absence of endplate pheno-
types, few (26.4%) provided further explanation, which was 
based on severity, location or size (Table 1). A few stud-
ies (n = 9) used a composite score, and one study used an 
automated algorithm for Schmorl’s nodes. Most of the stud-
ies used MRI (42.4%) or radiographs (35.2%) to identify 
endplate defects, while visual inspection (5.2%) was the 
least common approach. There was a similar distribution 
in study characteristics relating to design, population, age 
and reported psychometrics, across the groups of studied 
endplate phenotypes, but not with respect to whether terms 
were defined and the imaging modality used. Studies that 
focused on only Schmorl’s nodes provided definitions more 
often (49.3%) than studies of other phenotypes (27.4%) or 
studies that included more than one type of endplate phe-
notype (32.1%). They also used MRI more frequently and 
radiographs less frequently to determine defects (Table 1).

Terms used to denote structural endplate defects

Table 2 shows the frequency that each term was used for a 
particular structural endplate defect and how often defini-
tions were provided. A total of 34 terms were used in 54 
different combinations in the review. Nineteen terms were 
the sole focus in 161 studies, while the remaining 51 studies 



1400	 European Spine Journal (2020) 29:1397–1409

1 3

described endplate defects in 35 different combinations. 
Schmorl’s nodes, sclerosis and endplate irregularity were 
the most common terms studied, appearing in 99, 35 and 31 
studies, respectively. The most common combination studied 
was Schmorl’s nodes and endplate irregularity in eight stud-
ies. Furthermore, Schmorl’s nodes, endplate irregularity and 
endplate defect were the terms for which a definition was 
most frequently provided.

Definitions of structural endplate defects

Table  3 provides the definitions of the terms used to 
describe endplate defects in the publications included 
in the review. A qualitative analysis identifying themes 
through auto-coding using NVivo software was conducted 
for Schmorl’s nodes, the most frequently defined term, 
after extracting each definition manually. Twenty-six stud-
ies have defined Schmorl’s node using at least one of the 

four identified themes, while the remaining 13 studies 
define the term in other ways, such as a depression with 
sclerotic margins on the vertebral body surface [18] and 
as “apparent depressions of ruptures of disc material into 
the subchondral bone, regular or irregular in shape” [19].

The four thematic words may be grouped into two 
categories, irregularities and defects vs herniation and 
indentation, used interchangeably in the majority of defi-
nitions. Fourteen studies defining Schmorl’s nodes as 
being either an indentation or herniation further described 
them as focal or localized defects. However, two studies 
[20, 21] specifically noted only defects of ≥ 3 mm size 
can be considered as Schmorl’s nodes. Other studies 
referred to Schmorl’s nodes as endplate lesions [22, 23] 
or a bony defect in the vertebral endplate without signal-
intensity alteration [24]. The majority of the definitions 
of Schmorl’s nodes are similar in meaning, except for the 
description of the margin of the herniation, indentation or 

Ar�cles iden�fied (n=2767)

Sc
re
en

in
g

El
ig
ib
ili
ty

In
cl
ud

ed
Id
en

�fi
ca
�o

n

Number of ar�cles included a�er 
screening �tles and abstracts

(n=2372)

Ar�cles for full text review (n=335)

Number of ar�cles included in the 
scoping review (n= 211)

Pubmed (n= 254), Scopus (n= 1758), Embase (n= 601), CINHAL (n=126), COCHRANE (n= 28)

Excluded (n= 141)
Mee�ngs/Conference proceedings/reviews/editorials = 42
EPD cause is acute/surgery/experiment= 24
EPD was not determined= 25
EPD in histologically/Modic/Morphology= 26
Incorrect cita�on= 12
Other languages= 12

Duplicates (n= 395)

Irrelevant ar�cles (n= 2037)

Addi�onal papers from 
reference lists (n= 17)

Fig. 1   Flowchart of study selection and inclusion



1401European Spine Journal (2020) 29:1397–1409	

1 3

depression as to the presence of a sclerotic margin or rim, 
or osseous casing (19 out of the 39 studies).

Definitions of endplate sclerosis were fairly similar 
among the four studies providing definitions and included 
hypertrophy [25], irregular mineralization [26], radiographic 
density area, width and breadth [27] or densification [28] of 
the endplate. The definition of endplate fracture appeared to 
fall into one of two groupings, with one describing abnor-
mal angulations of at least 50% [29], a well-corticated bone 
fragment [30] or a displaced fracture line [31], and the other 

grouping describing linear defects [12], clefts or fissures 
[16].

There was apparent confusion on what constitutes end-
plate erosion from the six definitions used in the 25 pub-
lished studies of endplate erosion. Two studies defined 
erosion as a worm-eaten appearance or pattern, or more 
specifically as an “extensive alteration in the endplate as 
depicted by an irregular, serrated, or worm-eaten appear-
ance” [32] or as “thin lytic lesions frequently showing a 
worm-eaten aspect” [9]. Other definitions included a diffuse 

Table 1   Characteristics of all 
included studies, and those of 
only Schmorl’s nodes, other 
types of endplate defects, and 
combinations of the two

Age: young= < 18; adult = > 18 to < 59; old = ≥60; mixed = all age groups included

Characteristics Total (n = 211) Schmorl’s 
(n = 70; 34%)

Other defects 
(n = 113; 53%)

Combination 
(n = 28; 13%)

Study design
 Case report 23 (10.9) 7 (10.0) 13 (11.5) 3 (10.7)
 Case series 12 (5.7) 4 (5.7) 8 (7.1) 0
 Case control 16 (7.6) 9 (12.9) 5 (4.4) 2 (7.1)
 Cohort 95 (45.0) 29 (41.4) 54 (47.8) 12 (42.9)
 Population-based 34 (16.1) 13 (18.6) 19 (16.8) 2 (7.1)
 Cadaveric 28 (13.3) 8 (11.4) 12 (13.3) 8 (11.4)
 Delphi 1 (0.5) 0 1 (0.9) 0
 RCT​ 2 (1.0) 0 1 (0.9) 1 (3.6)

Age
 Young 23 (10.9) 4 (5.7) 14 (14.4) 5 (20.0)
 Adult 31 (17.3) 17 (29.8) 12 (12.4) 2 (8.0)
 Old 16 (7.6) 3 (4.3) 12 (12.4) 1 (4.0)
 Mixed 108 (51.29) 32 (45.9) 59 (60.8) 17 (68.0)

Modality
 MRI 88 (41.7) 39 (56.3) 39 (35.9) 10 (35.7)
 Radiograph 74 (35.2) 12 (16.9) 51 (46.0) 11 (39.3)
 CT 14 (6.67) 5 (7.0) 7 (6.3) 2 (7.1)
 Visual inspection 11 (5.2) 6 (8.5) 3 (2.7) 2 (7.1)
 Mixed 22 (10.5) 8 (11.3) 11 (9.9) 3 (10.8)

Definition/explanation
 Yes 74 (35.1) 34 (48.6) 31 (27.4) 9 (32.1)
 No 137 (64.9) 36 (51.4) 82 (72.6) 19 (67.9)

Grade/classification
 Presence/absence 155 (73.5) 64 (91.4) 76 (67.3) 16 (57.1)
 Severity 25 (11.9) 1 (1.4) 20 (17.7) 4 (14.3)
 Location 8 (3.8) 0 7 (6.2) 1 (3.6)
 Size 8 (3.8) 2 (2.9) 2 (1.8) 4 (14.3)
 Type 2 (1.0) 1 (1.4) 1 (0.9) 0
 Composite score 9 (4.3) 1 (1.4) 6 (5.3) 2 (7.1)
 Automated score 1 (0.5) 1 (1.4) 0 0 (0)
 Mix 3 (1.4) 1 (1.5) 1 (0.8) 1 (3.6)

Psychometric properties
 Not reported 150 (71.1) 50 (71.4) 81 (72.3) 14 (50.0)
 Intra-rater 14 (6.6) 0 8 (7.1) 6 (21.4)
 Inter-rater 17 (8.1) 6 (8.6) 10 (8.9) 1 (3.6)
 Intra- and inter-rater 29 (13.7) 9 (12.9) 13 (11.6) 7 (25.0)
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shallow defect with irregular appearance [12] or abnormal 
fibrocartilage ingrowth [33]. Erosion was related to thinning 
of the endplate in three studies, such as an “irregular end-
plate with thinning or loss of visualization of the subchon-
dral cortical plate” [29], “a loss of full-thickness of the dark 
appearance of the cortical bone and loss of normal bright 
appearance of the adjacent bone marrow” [34] or as a thin 
lytic lesion [16].

Endplate irregularity was defined as appearing convex, 
jagged and rough due to intensive calcification [6] or as 
Schmorl’s nodes [35], or as focal indentation similar to 

Schmorl’s nodes (96), or discontinuous disruption simi-
lar to fracture [36]. Other definitions excluded structural 
defects and noted an endplate being intact but irregular 
(46, 48) or as having no specific lesion, but showing 
alteration with respect to the physiologic curvature [30]. 
Some studies also specified location, for example, affect-
ing the middle portion [37]. Ten studies defined an end-
plate defect, using other terms, such as Schmorl’s nodes 
[38, 39], irregularity [38], sclerosis and erosion [40], 
indentation or discontinuity [41, 42], and as a focal or 
sharp depression [39, 43–45]. Two other studies [38, 44] 

Table 2   Frequency of use of 
each term, whether a definition 
was provided and the modality 
used to identify the endplate 
structural defect

Principal: when the term is a single or primary focus of the study; combination: when the term is studied in 
combination with other terms
Defined: when a definition is provided for the term; EP: endplate

Nomenclature Occurrence of terms Modalities

Principal Combination Total Defined MRI Rad CT Visual

1. Schmorl’s nodes 70 (71.4) 28 (28.3) 98 39 (39.4) 59 32 13 8
2. Sclerosis 26 (74.3) 9 (25.7) 35 4 (11.4) 8 25 5 0
3. Irregularity 16 (51.6) 15 (48.4) 31 12 (38.7) 16 15 4 1
4. Erosion 8 (32.0) 17 (68.0) 25 6 (20.0) 13 11 3 2
5. Destruction 2 (10.5) 17 (89.5) 19 1 (5.3) 7 2 1 0
6. Defect 8 (47.1) 9 (52.9) 17 10 (58.8) 16 1 1 0
7. Fracture 5 (31.3) 11 (68.8) 16 5 (31.3) 6 6 4 2
8. Lesion 7 3 10 4 2 7 1 1
9. Thinning 0 7 7 0 7 0 0 0
10. Abnormality 5 1 6 5 2 4 1 0
11. Damage 2 4 6 0 5 0 0 1
12. Calcification 1 5 6 1 1 3 0 2
13. Changes 3 3 6 3 4 1 1 0
14. Focal 1 3 4 1 3 1 1 0
15. Crack 0 3 3 0 1 0 1 0
16. Bone formation 0 3 3 0 1 1 1 0
17. Thickening 1 2 3 0 3 0 0 0
18. Corner 1 1 2 0 2 0 0 0
19. Loss of shape 0 2 2 0 1 2 0 0
20. Break 0 2 2 0 2 0 0 0
21. Notched 0 1 1 1 1 0 0 0
22. Injury 1 0 1 0 0 1 0 0
23. Loss of definition 1 0 1 0 1 0 0 0
24. Ossification 1 0 1 1 0 1 0 0
25. Arthrosis 1 0 1 0 0 0 0 1
26. Spur 0 1 1 1 0 0 0 1
27. Deformity 0 1 1 0 0 1 0 0
28. Cyst 0 1 1 0 0 1 0 0
29. Resorption 0 1 1 0 0 1 0 0
30. Lysis 0 1 1 0 1 0 0 0
31. Avulsion 0 1 1 0 2 0 0 0
32. Degeneration 0 1 1 1 1 0 0 0
33. Trauma 0 1 1 0 1 0 0 0
34. Depression 0 1 1 0 1 0 0 0
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Table 3   Definitions used to describe endplate defect terms and measurement reliability, when reported

Terms Definition Intra-rater (n 
studies)

Inter-rater (n 
studies)

Schmorl’s Localized or focal indentation, depression or herniation of the disc into the endplate with 
sclerotic margin [1, 21, 25, 34, 35, 45, 48, 56, 61, 62, 68, 110, 136, 139, 141, 161]

0.8–0.94 (3) 0.8–0.9 (4)

Localized or focal indentation, depression or herniation of the disc into the endplate [10, 
23, 103, 131, 140, 145, 164, 167, 171, 179, 196, 200, 26, 207, 52, 66, 77, 86, 88, 90, 94]

0.88 (1) 0.3–0.91 (6)

Sclerosis Changes in maximum intensity as areas of irregular mineralization or hypertrophy or 
densification or radiographic density, area, width and thickness of the end plates [4, 37, 
84, 174]

0.92 (1) 0.92 (1)

Fracture Well-corticated fragment or displaced fracture line [21, 28] 0.89 (1) 0.73 (1)
Fissure, cleft or linear defect [161, 171] 0.80 (1)
Abnormal angulations of at least 50% of the anteroposterior [179]

Erosion Bony erosion and abnormal fibrocartilage ingrowth [17]
Characterized by extensive alteration of the endplate as depicted by an irregular, serrated, 

or worm eaten appearance or as thin lytic lesions frequently showing a worm-eaten aspect 
[42, 161]

0.72–0.82 (2) 0.51–0.61 (1)

Full-thickness loss of the dark appearance of cortical bone and loss of normal bright 
appearance of adjacent bone marrow on T1w [117]

Diffuse, shallow defects with an irregular appearance [171]
Irregular appearance of the endplate with thinning or focal loss of visualization of the 

subchondral cortical plate [179]
Defects Sharp indentations or discontinuity of the cortical bone [9] 0.74 (1) 0.53 (1)

Presence of at least one Schmorl’s node or irregular endplate they are defined as mostly 
roundish chondroid disc defects in the centre or anterior aspect of the vertebral endplates 
with sclerotic rim OR undulating irregularities mainly on anterior aspects; one or more 
vertebral levels [11]

0.59 (1) 0.70 (1)

As the loss or disruption of the smooth appearance of the endplate visible on at least two 
consecutive sagittal MR images [42]

0.72–0.82 (1) 0.51–0.61 (1)

sharp depressions of the endplate contour as endplate defects [114]
Focal depression along the endplate in the form of a Schmorl’s nodes was considered as an 

end plate defect [134]
0.57–0.86 (1)

Spread of the dye through the cartilaginous endplates in discography [142]
As focal endplate defect (herniation of the intervertebral disc into the endplate and the 

adjacent vertebral body, also called Schmorl’s nodes) or irregularity involving the entire 
endplate [147]

As any localized morphologic feature of the osseous anatomy that could not be explained 
by the overall shape of the endplate, recognizing that endplates can have a variety of 
morphologies [163]

Sclerosis and erosion [175]
Defects were defined as “sharp” indentations or discontinuity of the cortical bone [184] 0.56 (1) 0.59 (1)

Irregular As endplates that were intact but irregular [9]

As Schmorl’s nodes [20]

No specific lesions are detectable in the intervertebral space. However, the shape of at least 
one of the endplates shows alterations with respect to the physiological curvature [21]

0.89 (1) 0.73 (1)

Fractures (discontinuous disruption and other focal deviations of the VEP contour from the 
norm [23]

Undulating irregularities of vertebral body endplates [45] 0.71 (1) 0.76 (1)

Sawtooth-like or wave-like on MR [88]

Including Schmorl’s nodes which are actually focal indentations of the vertebral endplate 
[96]

Irregular if excrescencies were seen above the edge, and concave if disc was visible 
between the ruler and the end plate [118]

Appeared convex, jagged or rough due to intensive calcification [158]
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considered endplate defects as irregularities involving the 
entire endplate.

The term lesion was mentioned in 10 studies, of which four 
studies provided a definition, including an ossified or osseous 
fragment [46, 47], a discontinuity in the cartilaginous end-
plate [48], and a focal depression with sclerotic margins [49]. 
Endplate changes were defined as areas of endplate abnor-
malities, irregularities or defects, in which the border of the 
vertebral endplate was indented into the vertebral body [50], 
or as small cysts, erosion, bone resorption and disruption [51]. 
The term endplate abnormality was used as a global term, 

further defined in four studies as disruption of the endplate, 
including Schmorl’s nodes [52], irregularity, discontinuity or 
Schmorl’s nodes [53], notching and ossification [54], scle-
rosis and cystic changes [55]. Some terms used to describe 
structural endplate defects were defined only once (Table 3).

Measurement reliability and advanced 
measurement methods

The majority (71.6%) of the studies reported no psycho-
metric properties of the endplate measurements used. Of 

Table 3   (continued)

Terms Definition Intra-rater (n 
studies)

Inter-rater (n 
studies)

As endplates that where intact, but irregular [184] 0.52 (1) 0.52 (1)

When the linearity and integrity of the middle portion of an endplate was lost on a sagittal 
MR image [198]

if the endplate seemed convex, jagged, or rough due to calcification [204] 0.91–0.96 (1) 0.87–0.93 (1)
Abnormality Disruption of the inferior endplate of the vertebra above or the superior endplate of the 

vertebra below including Schmorl’s nodes [19]
0.96 (1)

Irregularity or discontinuity, disc abnormalities (Schmorl’s nodes) [33]
such as Schmorl’s nodes, irregularity and epiphyseal separation [99]
Variable notching and anterosuperior ossification defects [123]
Irregular vertebral borders, sclerosis, disc space narrowing, and anterior cystic changes 

[127]
Lesion Ossified fragment [55]

Endplate lesions were diagnosed based on area of the lesion (i.e. osseous fragment and 
deformity of the endplate [153]

Radiologically as a discontinuity in the cartilaginous part of the vertebral end-plate (the 
part enclosed within the vertebral rim) associated with a translucency in the adjacent 
vertebral body [208]

A focal depression was evident in the L5 upper epiphyseal plate. The lysis was surrounded 
by a thin sclerotic margin, which suggested the presence of a nonaggressive lesion [209]

Changes Small cysts, erosion, and bone tissue resorption [130]
Any osseous disruption of the superior or inferior vertebral endplate on CT that could not 

be explained by the overall shape of the endplate, recognizing the variation in morphol-
ogy among vertebral endplates [199]

Areas of end plate abnormalities, irregularities, or defects, in which the border of the verte-
bral end plate was indented into the vertebral body [85]

0.92 (1)

Calcification Wide accumulation of calcium upon the endplate, which assumes a rough appearance [158] 0.80 (1)
Intensive calcium deposition upon the endplate [161]

Destruction As erosion was defined as irregularity of margins of vertebral body endplates [64]
Notched A V-shaped or circular small lesion visible in at least one sagittal MRI slice [21] 0.89 (1) 0.73 (1)
Focal Focal: local hollow or discontinuity on the endplate, with nucleus protrusion into the sub-

chondral bone [42]
0.72–0.82 (1) 0.51–0.61 (1)

Ossification Bony end-plate thickness was greater than 2 mm on lateral view [60]
Spur A bright signal on T1w images extending from the vertebral endplate towards the adjacent 

vertebra [117]
Degeneration Bone-annulus interface, including bone marrow changes and loss of annular fiber organiza-

tion [17]

Reference numbers correspond to the complete reference list in the supplementary file
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the relatively few studies reporting psychometric proper-
ties, 14 (6.6%) reported only intra-rater reliability, 17 (8.1%) 
reported only inter-rater reliability, and 29 (13.7%) studies 
reported both. With respect to psychometric properties of 
defect measurements using the different imaging modali-
ties, intra- and inter-rater reliability kappa coefficients for 
the various defect measurements ranged from 0.52–0.94 and 
0.30–0.92, respectively (Table 3).

Thirty-one studies reported reliability of measurement 
methods using MRI in identifying endplate defects of 
0.69 ± 0.2 and 0.78 ± 0.12 for intra- and inter-rater reliability 
coefficients respectively. Radiographs were used in 23 stud-
ies with an average of 0.64 ± 0.23 and 0.75 ± 0.18 for inter- 
and intra-rater reliability coefficients, respectively. No stud-
ies reported the inter-rater reliability for visual inspection, 
while 5 studies reported intra-rater reliability coefficients of 
0.81 ± 0.03. Few (n = 2) studies reported the reliability using 
CT with a mean value of 0.9 and 0.94 for the inter- and intra-
rater reliability, respectively.

Four advanced measures of endplate defects were 
reported in nine studies. One method reported a combina-
tion of both histologic and macroscopic defects and the 
others reported macroscopic structural defects and Modic 
changes. Total endplate (TEP) score was the most reported 
[56–61] scoring method of grading endplate defects, which 
demonstrated “strong” inter-rater agreement (weighted 
kappa = 0.80 to 0.88) according to Cohen’s kappa interpre-
tation by McHugh [62]. Kanna et al. [56] showed a positive 
correlation in TEP score with degree of disc degeneration, 
which was significantly higher with disc prolapse (7.6 ± 3.1) 
than without prolapse (5.0 ± 2.2, p < 001). Also, Rade et al. 
[61] found that a TEP score of ≥ 5 was strongly and inde-
pendently associated with disc degeneration at all spinal lev-
els and was a confounder for the association between disc 
degeneration and age and BMI.

Furthermore, Zehra et al. [63] studied endplate structural 
defects in terms of maximum width and depth. Both width 
and depth of all endplate defects in each subject were added 
separately, and scores were assigned on the basis of size 
from 1 to 3. Combining both scores provided a cumula-
tive endplate defect score of 1 to 6. “Strong” and “almost 
perfect” inter-rater reliability was reported for endplate 
defect width (k = 0.84) and depth (k = 0.93) measurements, 
respectively. Hilton et al. [48] also graded endplates on a 0–3 
scale according to the size and depth of the lesion. At each 
disc, the grades for lesions at the upper and lower vertebral 
endplates of a disc were summed for a maximum endplate 
lesion score out of 6. Also, an automated computer-based 
measurement algorithm was used to determine and calculate 
Schmorl’s nodes dimensions using the eRAD PACS Viewer 
for a study by Yin et al. [64]. Tomaszewski et al. [65] and 
Boos et al. [66] reported on Boos’ classification for endplate 
degeneration that includes both histologic and macroscopic 

examinations. Six domains were analyzed for the classifi-
cation including cell proliferation (0 to 4), cartilage disor-
ganization (0 to 4), cartilage crack (0 to 4), micro-fracture 
(0 to 2), new bone formation (0 to 2) and bony sclerosis (0 
to 2). Inter-rater reliability across the domains ranged from 
0.79 to 0.87.

Discussion

There has been an increased growth in published literature 
related to structural endplate defects, especially within the 
last decade. Various terms were used to describe endplate 
defects either as a single study focus or in combination with 
other terms. Only 35.4% of studies defined the terms, and 
when definitions were provided, there were frequently incon-
sistencies in meaning between studies using the same terms. 
In other cases, different terms appeared to be referring to the 
same phenotype. Most studies did not report the psychomet-
ric properties of the endplate defect measurements used, and 
only intra- and inter-rater reliability were ever reported.

The different terms used to denote structural defects 
in the endplate varied in frequency of use and pattern of 
occurrence. Terms used most frequently may represent 
more developed concepts of structural defects and wider 
acceptability than those less frequently used. For example, 
Schmorl’s node was the most commonly studied defect, 
either as a single study focus or in combination with other 
phenotypes. This finding is not surprising considering that 
Schmorl’s node was the first recognized form of endplate 
defect [67]. Otherwise, published studies of other endplate 
defect terms and phenotypes typically lack strict definition 
criteria that vary between studies.

Standardizing the defining criteria to establish the con-
tent validity of an outcome is usually one of the first stages 
in the validation process. As mentioned, Schmorl’s nodes 
have been extensively studied and defined and the use of 
similar themes for the definitions is consistent with the con-
tent meaning. However, variations in consideration of the 
margin, such as presence of a sclerotic or darkened margin, 
in the definition may influence what Schmorl’s nodes rep-
resent and may alter the frequency and types of findings 
reported. Also specifying the size (> 3 mm) of the herniation 
or “node” to qualify as a Schmorl’s node [21] may enable 
harmonization or differentiation of other terms, such as focal 
defect. Sclerosis is another term with fairly consistent defini-
tions in the literature; however, other terms used, such as cal-
cification [9] and ossification [68], may represent the same 
concept as sclerosis. On the other hand, the term endplate 
erosion is disparately described as a worm-eaten pattern [9, 
32], a diffuse shallow defect with irregular appearance [12], 
abnormal fibrocartilage ingrowth [33], or an irregular end-
plate thinning including loss of full thickness [29, 34]. There 
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is a clear need for a consensus on such specific terms and 
their definitions.

For lack of an agreed upon umbrella term, “endplate 
defect” has been used in this review to represent structural 
endplate phenomena broadly. The term defect has been used 
to represent a range of endplate findings in the literature, 
including Schmorl’s nodes [38, 39], sclerosis, erosion [40] 
and fracture [41, 42], which may be localized or spread to 
the entire endplate [38, 44]. Other terms that have been 
used to represent a wide range of endplate defects include 
endplate irregularities, lesions, abnormalities and changes, 
suggesting the need for a broadly accepted umbrella term 
to represent endplate abnormalities or defects. Specifically 
with respect to the term lesion, considering its literal mean-
ing “as damage caused by injury or disease”, perhaps this 
might exclude other forms of endplate alterations that are 
developmental. Also, changes represent a term synonymous 
to becoming different from the original state implying a 
temporal association, which may limit its use as such an 
assumption cannot always be made, at least in studies with 
measurements at only one time point (e.g. cross-sectional 
studies). Agreement on a general umbrella term to represent 
any endplate structural defect is needed.

Not surprisingly, imaging of endplate defects has shifted 
from radiography to MRI. Radiography offers excellent bone 
detail and has long been widely available and low cost. CT 
can provide even more information about bone structure. 
However, both modalities require ionizing radiation to form 
images, while MRI does not. The safety benefit of MRI, 
along with advances in image quality and greater availabil-
ity, has led to its increased use. The shift in imaging modal-
ity may also account, in part, for differences in the descrip-
tion of endplate defect phenotypes.

Among the cadaveric studies, the classification 
(Schmorl’s node, calcification, erosion and fracture) by 
Wang et al. [9] was the system most frequently used [9, 10, 
16]. Despite the certainty of visual inspection in determining 
endplate structural defects, the method has obvious limited 
clinical applicability and a subsequent classification scheme 
(normal, wavy/irregular, notched, Schmorl’s node and frac-
ture) was developed for use in the clinical setting [30]. While 
“strong” intra-rater reliability (kappa 0.89) was reported 
according to Cohen’s kappa interpretation by McHugh [62], 
there is currently no validation study that has compared the 
accuracy of the endplate defect measurements on imaging 
to visual inspection.

To our knowledge, this is the first review to examine the 
scope of measurement methods and terms used to define 
structural endplate defects in the health sciences literature. 
However, there are some limitations to our review. For 
example, only full-text research articles were included in 
the review. The authors acknowledge that the first publica-
tion of endplate defects may not correspond to the year of 

the first publication of our included studies, as full text may 
not have been accessible through any databases. Also, we 
did not include full text papers in languages other than Eng-
lish. However, this limitation is unlikely to have substantial 
impact on our review, as only a few non-English papers were 
identified and we traced the significant findings and focus 
of the papers from the English abstracts. Finally, we did 
not incorporate critical appraisal of the included studies, for 
which there is some disagreement for scoping reviews. Ark-
sey and O’Malley [17] state that systematic reviews aimed at 
a narrow range of evidence may require quality assurance, 
while a scoping review is less likely concerned with a spe-
cific question and, therefore, quality assessment may be of 
less benefit. Though there may be a pattern in the reliability 
estimates among the imaging modalities and nomenclature 
used to identify endplate defects, conclusions are limited by 
varied and ill-defined endplate defect phenotypes and other 
insufficient methodological information, which further limits 
our ability to determine the extent of bias and internal valid-
ity of those studies.

Conclusion

Despite increased interest in endplate structural defect 
phenotypes and advances made in imaging within recent 
decades, there is no standard set of criteria to describe and 
classify different endplate structural defects. There is also 
a lack of validation studies that compare observations on 
imaging to actual tissue samples. This review highlights the 
need for standardized endplate nomenclature, definitions 
and measurement methods, as well as the need to validate 
the measurement methods in order to ascertain with confi-
dence what each of the phenotypes actually represents. Our 
hope is that this review provides a foundation and impetus to 
take the necessary steps to meet this need to improve com-
munication and synthesis of the growing body of endplate 
research to advance the field.

Acknowledgements  The authors thank Dianne Bryant for her review 
and critical comments, which improved the manuscript, Zakari Crites 
Videman for his assistance in the article selection and inclusion process 
and Meagan Stanley for her assistance towards developing the search 
strategy.

Funding  No specific funding was received for this project. However, 
Aliyu Lawan, as a graduate student, receives support from the Faculty 
of Health Sciences and a Transdisciplinary Training Award from the 
Bone and Joint Institute at Western University.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.



1407European Spine Journal (2020) 29:1397–1409	

1 3

References

	 1.	 Brinjikji W, Luetmer PH, Comstock B et al (2015) Systematic 
literature review of imaging features of spinal degeneration in 
asymptomatic populations. Am J Neuroradiol 36:811–816. https​
://doi.org/10.3174/ajnr.A4173​

	 2.	 Jensen MC, Brant-Zawadzki MN, Obuchowski N, Modic MT, 
Malkasian DRJ (1994) Magnetic resonance imaging of the lumbar 
spine in people without back pain. N Engl J Med 331:69–73

	 3.	 Endean A, Palmer KTCD (2011) Potential of magnetic resonance 
imaging findings to refine case definition for mechanical low back 
pain in epidemiological studies: a systematic review. Spine (Phila 
Pa 1976) 36:160–169

	 4.	 DA Moore K (2006) Clinically oriented anatomy, 5th edn. Lip-
pincott Williams & Wilkins, Baltimore

	 5.	 Perry O (1957) Fracture of the vertebral end-plate in the lumbar 
spine; an experimental biochemical investigation. Acta Orthop 
Scand Suppl 25:101

	 6.	 Wang Y, Videman T, Battie MC (2013) Morphometrics and 
lesions of vertebral end plates are associated with lumbar disc 
degeneration: evidence from cadaveric spines. J Bone Joint Surg 
Am 95:e26. https​://doi.org/10.2106/JBJS.L.00124​

	 7.	 Adams M, Dolan P, Luo J et al (2013) Intervertebral disc decom-
pression following endplate damage: implications for disc degen-
eration depend on spinal level and age. Spine (Phila Pa 1976) 
38:1473–1481

	 8.	 Eubanks JD, Lee MJ, Cassinelli EAN (2007) Does lumbar facet 
arthrosis precede disc degeneration? A postmortem study. Clin 
Orthop Relat Res 464:184–189

	 9.	 Wang Y, Videman T, Battié MC (2012) ISSLS prize winner: lum-
bar vertebral endplate lesions: associations with disc degeneration 
and back pain history. Spine (Phila Pa 1976) 37:1490–1496. https​
://doi.org/10.1097/BRS.0b013​e3182​608ac​4

	10.	 Fields AJ, Liebenberg EC, Lotz JC (2014) Innervation of pathol-
ogies in the lumbar vertebral end plate and intervertebral disc. 
Spine J 14:513–521. https​://doi.org/10.1016/j.spine​e.2013.06.075

	11.	 Määttä JH, Karppinen JI, Luk KDK et  al (2015) Phenotype 
profiling of Modic changes of the lumbar spine and its associa-
tion with other MRI phenotypes: a large-scale population-based 
study. Spine J 15:1933–1942. https​://doi.org/10.1016/j.spine​
e.2015.06.056

	12.	 Zehra U, Flower L, Robson-Brown K et al (2017) Defects of the 
vertebral end plate: implications for disc degeneration depend 
on size. Spine J 17:727–737. https​://doi.org/10.1016/j.spine​
e.2017.01.007

	13.	 Williams FM, Manek NJSP et al (2007) Schmorl’s nodes: com-
mon, highly heritable, and related to lumbar disc disease. Arthritis 
Rheum 57:855–860

	14.	 Hamanishi C, Kawabata TYT et al (1994) Schmorl’s nodes on 
magnetic resonance imaging. Their incidence and clinical rel-
evance. Spine (Phila Pa 1976) 19:450–453

	15.	 Zehra U, Bow C, Lotz JC et al (2018) Structural vertebral endplate 
nomenclature and etiology: a study by the ISSLS Spinal Pheno-
type Focus Group. Eur Spine J 27:2–12. https​://doi.org/10.1007/
s0058​6-017-5292-3

	16.	 Wang Y, Videman T, Battié MC (2012) Lumbar vertebral end-
plate lesions: prevalence, classification, and association with age. 
Spine (Phila Pa 1976) 37:1432–1439. https​://doi.org/10.1097/
BRS.0b013​e3182​4dd20​a

	17.	 Arksey H, O’Malley L (2005) Scoping studies : towards a meth-
odological framework. Int J Soc Res Methodol 8:19–32. https​://
doi.org/10.1080/13645​57032​00011​9616

	18.	 Dar G, Peleg S, Masharawi Y et al (2009) Demographical aspects 
of Schmorl nodes. Spine (Phila Pa 1976) 34:E312–E315. https​://
doi.org/10.1097/brs.0b013​e3181​995fc​5

	19.	 Hansson T, Roos B (1983) The amount of bone mineral and 
Schmorl’s nodes in lumbar vertebrae. Spine (Phila Pa 1976) 
8:266–271

	20.	 Lin CY, Chen HY, Ding HJ et al (2012) Evaluation of Schmorl’s 
nodes using F-18 FDG PET/CT. Clin Radiol 67:e17–e21. https​://
doi.org/10.1016/j.crad.2012.04.006

	21.	 Stabler A, Weiss M, Gartner C et al (1997) MR imaging intraos-
seous (Schmorl’s nodes). Am J Roentgenol 168:933–938

	22.	 Abbas J, Slon V, Stein D et al (2017) In the quest for degenera-
tive lumbar spinal stenosis etiology: the Schmorl’s nodes model. 
BMC Musculoskelet Disord 18:1–7. https​://doi.org/10.1186/
s1289​1-017-1512-6

	23.	 Yoo HJ, Hong SH, Kim DH et al (2017) Measurement of fat con-
tent in vertebral marrow using a modified dixon sequence to dif-
ferentiate benign from malignant processes. J Magn Reson Imag-
ing 45:1534–1544. https​://doi.org/10.1002/jmri.25496​

	24.	 Grivé E, Rovira A, Capellades J et al (1999) Radiologic find-
ings in two cases of acute Schmorl’s nodes. Am J Neuroradiol 
20:1717–1721

	25.	 Donescu OS, Battie MC, Videman T (2007) The influence of 
magnetic resonance imaging findings of degenerative disease on 
dual-energy X-ray absorptiometry measurements in middle-aged 
men. Acta Radiol 48:193–199. https​://doi.org/10.1080/02841​
85060​11290​15

	26.	 Al Kaissi A, Klaushofer K, Grill F (2007) Progressive vertebral 
fusion in a girl with spinal enchondromatosis. Eur J Radiol Extra 
63:125–129. https​://doi.org/10.1016/j.ejrex​.2007.06.004

	27.	 Lee SW, Mathie AG, Jackson JE, Hughes SP (2001) Investigation 
of vertebral “end plate sclerosis”. Skeletal Radiol 30:454–459. 
https​://doi.org/10.1007/s0025​61030​0454

	28.	 Zigler JE, Glenn J, Delamarter RB (2012) Five-year adjacent-level 
degenerative changes in patients with single-level disease treated 
using lumbar total disc replacement with ProDisc-L versus cir-
cumferential fusion. J Neurosurg Spine 17:504–511. https​://doi.
org/10.3171/2012.9.SPINE​11717​

	29.	 Pfirrman CWA, Resnick D (2001) Schmorl’s nodes of the thoracic 
and lumbar spine: radiographic-pathologic study of prevalence, 
characterization, and correlation with degenerative changes of 
1650 spinal levels in 100 cadavers. Radiology 219:368–374

	30.	 Brayda-Bruno M, Albano D, Cannella G et al (2018) Endplate 
lesions in the lumbar spine: a novel MRI-based classification 
scheme and epidemiology in low back pain patients. Eur Spine J 
27:2854–2861. https​://doi.org/10.1007/s0058​6-018-5787-6

	31.	 Choi W, Song S, Chae S, Ko S (2017) Comparison of the extent 
of degeneration among the normal disc, immobilized disc, and 
immobilized disc with an endplate fracture. CiOS Clin Orthop 
Surg 9:193–199. https​://doi.org/10.4055/cios.2017.9.2.193

	32.	 Feng Z, Liu Y, Yang G et al (2018) Lumbar vertebral endplate 
defects on magnetic resonance images. Spine (Phila Pa 1976) 
43:919–927. https​://doi.org/10.1097/brs.00000​00000​00245​0

	33.	 Berg-Johansen B, Jain D, Liebenberg EC et  al (2018) Tide-
mark avulsions are a predominant form of endplate irregularity. 
Spine (Phila Pa 1976) 43:1095–1101. https​://doi.org/10.1097/
BRS.00000​00000​00254​5

	34.	 Østergaard M, Maksymowych WP, Pedersen SJ et al (2009) Struc-
tural lesions detected by magnetic resonance imaging in the spine 
of patients with spondyloarthritis—definitions, assessment sys-
tem, and reference image set. J Rheumatol 36:18–34. https​://doi.
org/10.3899/jrheu​m.09061​7

	35.	 Boysen JC, Silverman SL (2012) Chiropractic management of a 
patient with Scheuermann’s kyphosis. Clin Chiropr 15:5–9. https​
://doi.org/10.1016/j.clch.2012.01.005

	36.	 Chen JX, Xu DL, Sheng SR et al (2016) Risk factors of kyphosis 
recurrence after implant removal in thoracolumbar burst fractures 
following posterior short-segment fixation. Int Orthop 40:1253–
1260. https​://doi.org/10.1007/s0026​4-016-3180-9

https://doi.org/10.3174/ajnr.A4173
https://doi.org/10.3174/ajnr.A4173
https://doi.org/10.2106/JBJS.L.00124
https://doi.org/10.1097/BRS.0b013e3182608ac4
https://doi.org/10.1097/BRS.0b013e3182608ac4
https://doi.org/10.1016/j.spinee.2013.06.075
https://doi.org/10.1016/j.spinee.2015.06.056
https://doi.org/10.1016/j.spinee.2015.06.056
https://doi.org/10.1016/j.spinee.2017.01.007
https://doi.org/10.1016/j.spinee.2017.01.007
https://doi.org/10.1007/s00586-017-5292-3
https://doi.org/10.1007/s00586-017-5292-3
https://doi.org/10.1097/BRS.0b013e31824dd20a
https://doi.org/10.1097/BRS.0b013e31824dd20a
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1097/brs.0b013e3181995fc5
https://doi.org/10.1097/brs.0b013e3181995fc5
https://doi.org/10.1016/j.crad.2012.04.006
https://doi.org/10.1016/j.crad.2012.04.006
https://doi.org/10.1186/s12891-017-1512-6
https://doi.org/10.1186/s12891-017-1512-6
https://doi.org/10.1002/jmri.25496
https://doi.org/10.1080/02841850601129015
https://doi.org/10.1080/02841850601129015
https://doi.org/10.1016/j.ejrex.2007.06.004
https://doi.org/10.1007/s0025610300454
https://doi.org/10.3171/2012.9.SPINE11717
https://doi.org/10.3171/2012.9.SPINE11717
https://doi.org/10.1007/s00586-018-5787-6
https://doi.org/10.4055/cios.2017.9.2.193
https://doi.org/10.1097/brs.0000000000002450
https://doi.org/10.1097/BRS.0000000000002545
https://doi.org/10.1097/BRS.0000000000002545
https://doi.org/10.3899/jrheum.090617
https://doi.org/10.3899/jrheum.090617
https://doi.org/10.1016/j.clch.2012.01.005
https://doi.org/10.1016/j.clch.2012.01.005
https://doi.org/10.1007/s00264-016-3180-9


1408	 European Spine Journal (2020) 29:1397–1409

1 3

	37.	 Joe E, Lee JW, Park KW et al (2015) Herniation of cartilaginous 
endplates in the lumbar spine: MRI findings. AJR Am J Roent-
genol 204:1075–1081. https​://doi.org/10.2214/AJR.14.13319​

	38.	 Armbrecht G, Felsenberg D, Ganswindt M et al (2015) Vertebral 
Scheuermann’s disease in Europe: prevalence, geographic variation 
and radiological correlates in men and women aged 50 and over. Osteo-
poros Int 26:2509–2519. https​://doi.org/10.1007/s0019​8-015-3170-6

	39.	 Sharma A, Parsons M, Pilgram T (2011) Temporal interactions 
of degenerative changes in individual components of the lumbar 
intervertebral discs. Spine (Phila Pa 1976) 36:1794–1800. https​
://doi.org/10.1097/brs.0b013​e3182​1590a​d

	40.	 Chanchairujira K, Chung CB, Kim JY, Papakonstantinou O, Lee 
MH, Clopton PRD (2004) Intervertebral disk calcification of the 
spine in an elderly population: radiographic prevalence, location, 
and distribution and correlation with spinal degeneration. Radiol-
ogy 230:499–503

	41.	 Arana E, Royuela A, Kovacs FM et al (2010) Lumbar spine: 
agreement in the interpretation of 1.5-T MR images by using the 
Nordic Modic Consensus Group classification form. Radiology 
254:809–817. https​://doi.org/10.1148/radio​l.09090​706/-/DC1

	42.	 Jensen TS, Sorensen JS, Kjaer P (2007) Intra- and interobserver 
reproducibility of vertebral endplate signal (modic) changes in the 
lumbar spine: the nordic modic consensus group classification. 
Acta Radiol 48:748–754. https​://doi.org/10.1080/02841​85070​
14221​12

	43.	 Niinimäki J, Korkiakoski A, Parviainen O et al (2009) Association 
of lumbar artery narrowing, degenerative changes in disc and end-
plate and apparent diffusion in disc on postcontrast enhancement 
of lumbar intervertebral disc. Magn Reson Mater Phys Biol Med 
22:101–109. https​://doi.org/10.1007/s1033​4-008-0151-1

	44.	 Toiviainen-Salo S, Markula-Patjas K, Kerttula L et al (2012) The 
thoracic and lumbar spine in severe juvenile idiopathic arthritis: 
magnetic resonance imaging analysis in 50 children. J Pediatr 
160:140–146. https​://doi.org/10.1016/j.jpeds​.2011.06.030

	45.	 Weiner BK, Vilendecic M, Ledic D et  al (2015) Endplate 
changes following discectomy: natural history and associations 
between imaging and clinical data. Eur Spine J 24:2449–2457. 
https​://doi.org/10.1007/s0058​6-014-3734-8

	46.	 Higashino K, Sairyo K, Katoh S et al (2012) Long-term out-
comes of lumbar posterior apophyseal. J Bone Joint Surg Am 
74:1–7

	47.	 Uraoka H, Higashino K, Morimoto M et al (2018) Study of lesions 
of the lumbar endplate based on the stage of maturation of the 
lumbar vertebral body: the relationship between skeletal maturity 
and chronological age. Eur J Orthop Surg Traumatol 28:183–187. 
https​://doi.org/10.1007/s0059​0-017-2032-7

	48.	 Hilton RC, Ball J, Benn RT (1976) Vertebral end-plate lesions 
(Schmorl’ s nodes) in the dorsolumbar spine. Ann Rheum Dis 
35:127–132

	49.	 Abu-Ghanem S, Ohana N, Abu-Ghanem Y et al (2013) Acute 
schmorl node in dorsal spine: an unusual cause of a sudden onset 
of severe back pain in a young female. Asian Spine J 7:131–135. 
https​://doi.org/10.4184/asj.2013.7.2.131

	50.	 Li Y, Samartzis D, Campbell DD et al (2016) Two subtypes of 
intervertebral disc degeneration distinguished by large-scale 
population-based study. Spine J 16:1079–1089. https​://doi.
org/10.1016/j.spine​e.2016.04.020

	51.	 Sanginov AJ, Krutko AV, Baykov ES, Lutsik AA (2018) Out-
comes of surgical treatment of lumbar disk herniation using an 
annular closure device. Coluna/Columna 17:188–194. https​://doi.
org/10.1590/S1808​-18512​01817​03193​832

	52.	 Boyle JJW, Singer KP, Milne N (1998) Pattern of intervertebral 
disc degeneration in the cervicothoracic junctional region. Man 
Ther 3:72–77. https​://doi.org/10.1016/S1356​-689X(98)80021​-0

	53.	 Daniels DJ, Luo TD, Puffer R et al (2015) Degenerative changes 
in adolescent spines: a comparison of motocross racers and 

age-matched controls. J Neurosurg Pediatr 15:266–271. https​://
doi.org/10.3171/2014.9.peds1​4153

	54.	 Rajab A, Kunze J, Mundlos S (2004) Spondyloepiphyseal dys-
plasia omani type: a new recessive type of SED with progressive 
spinal involvement. Am J Med Genet 126A:413–419. https​://doi.
org/10.1002/ajmg.a.20606​

	55.	 Rose PS, Ahn NU, Levy HP et al (2001) Thoracolumbar spi-
nal abnormalities in Stickler syndrome. Spine (Phila Pa 1976) 
26:403–409

	56.	 Kanna RM, Shetty AP, Rajasekaran S (2014) Patterns of lum-
bar disc degeneration are different in degenerative disc disease 
and disc prolapse magnetic resonance imaging analysis of 224 
patients. Spine J 14:300–307. https​://doi.org/10.1016/j.spine​
e.2013.10.042

	57.	 Määttä JH, Rade M, Freidin MB et al (2018) Strong association 
between vertebral endplate defect and Modic change in the general 
population. Sci Rep 8:1–8. https​://doi.org/10.1038/s4159​8-018-
34933​-3

	58.	 Munir S, Freidin MB, Rade M et al (2018) Endplate defect is 
heritable, associated with low back pain and triggers interver-
tebral disc degeneration: a longitudinal study from TwinsUK. 
Spine (Phila Pa 1976) 43:1496–1501. https​://doi.org/10.1097/
BRS.00000​00000​00272​1

	59.	 Rajasekaran S, Kanna RM, Senthil N et al (2013) Phenotype vari-
ations affect genetic association studies of degenerative disc dis-
ease: conclusions of analysis of genetic association of 58 single 
nucleotide polymorphisms with highly specific phenotypes for 
disc degeneration in 332 subjects. Spine J 13:1309–1320. https​://
doi.org/10.1016/j.spine​e.2013.05.019

	60.	 Farshad-Amacker NA, Hughes A, Herzog RJ et al (2017) The 
intervertebral disc, the endplates and the vertebral bone marrow 
as a unit in the process of degeneration. Eur Radiol 27:2507–2520. 
https​://doi.org/10.1007/s0033​0-016-4584-z

	61.	 Rade M, Määttä JH, Freidin MB et al (2018) Vertebral endplate 
defect as initiating factor in intervertebral disc degeneration; 
strong association between endplate defect and disc degeneration 
in the general population. Spine (Phila Pa 1976) 43:412–419. https​
://doi.org/10.1097/brs.00000​00000​00235​2

	62.	 McHugh ML (2012) Interrater reliability: the kappa statistic. Bio-
chem Med 22(3):276–282

	63.	 Zehra U, Cheung JPY, Bow C et al (2019) Multidimensional 
vertebral endplate defects are associated with disc degeneration, 
modic changes, facet joint abnormalities, and pain. J Orthop Res 
37:1080–1089. https​://doi.org/10.1002/jor.24195​

	64.	 Yin R, Lord EL, Cohen JR et al (2015) Distribution of Schmorl 
nodes in the lumbar spine and their relationship with lumbar disk 
degeneration and range of motion. Spine (Phila Pa 1976) 40:E49–
E53. https​://doi.org/10.1097/BRS.00000​00000​00065​8

	65.	 Tomaszewski KA, Adamek D, Konopka T et al (2015) Endplate 
calcification and cervical intervertebral disc degeneration: the role 
of endplate marrow contact channel occlusion. Folia Morphol 
74:84–92. https​://doi.org/10.5603/FM.2015.0014

	66.	 Boos N, Weissbach S, Rohrbach H et al (2002) Classification of 
age-related changes in lumbar intervertebral discs: 2002 Volvo 
award in basic science. (Phila Pa 1976) 27:2631–2644. https​://
doi.org/10.1097/00007​632-20021​2010-00002​

	67.	 Resnick DNG (1978) Intravertebral disk herniations: cartilaginous 
(Schmorl’s) nodes. Radiology 126:57–65

	68.	 Inaoka M, Yamazaki Y, Hosono N et al (2000) Radiographic anal-
ysis of lumbar spine for low-back pain in the general population. 
Arch Orthop Trauma Surg 120:380–385

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2214/AJR.14.13319
https://doi.org/10.1007/s00198-015-3170-6
https://doi.org/10.1097/brs.0b013e31821590ad
https://doi.org/10.1097/brs.0b013e31821590ad
https://doi.org/10.1148/radiol.09090706/-/DC1
https://doi.org/10.1080/02841850701422112
https://doi.org/10.1080/02841850701422112
https://doi.org/10.1007/s10334-008-0151-1
https://doi.org/10.1016/j.jpeds.2011.06.030
https://doi.org/10.1007/s00586-014-3734-8
https://doi.org/10.1007/s00590-017-2032-7
https://doi.org/10.4184/asj.2013.7.2.131
https://doi.org/10.1016/j.spinee.2016.04.020
https://doi.org/10.1016/j.spinee.2016.04.020
https://doi.org/10.1590/S1808-185120181703193832
https://doi.org/10.1590/S1808-185120181703193832
https://doi.org/10.1016/S1356-689X(98)80021-0
https://doi.org/10.3171/2014.9.peds14153
https://doi.org/10.3171/2014.9.peds14153
https://doi.org/10.1002/ajmg.a.20606
https://doi.org/10.1002/ajmg.a.20606
https://doi.org/10.1016/j.spinee.2013.10.042
https://doi.org/10.1016/j.spinee.2013.10.042
https://doi.org/10.1038/s41598-018-34933-3
https://doi.org/10.1038/s41598-018-34933-3
https://doi.org/10.1097/BRS.0000000000002721
https://doi.org/10.1097/BRS.0000000000002721
https://doi.org/10.1016/j.spinee.2013.05.019
https://doi.org/10.1016/j.spinee.2013.05.019
https://doi.org/10.1007/s00330-016-4584-z
https://doi.org/10.1097/brs.0000000000002352
https://doi.org/10.1097/brs.0000000000002352
https://doi.org/10.1002/jor.24195
https://doi.org/10.1097/BRS.0000000000000658
https://doi.org/10.5603/FM.2015.0014
https://doi.org/10.1097/00007632-200212010-00002
https://doi.org/10.1097/00007632-200212010-00002


1409European Spine Journal (2020) 29:1397–1409	

1 3

Affiliations

Aliyu Lawan1 · Andrew Leung2 · Michele C. Battié1 

 *	 Michele C. Battié 
	 mbattie@uwo.ca

1	 Faculty of Health and Rehabilitation Sciences, and Western’s 
Bone and Joint Institute, Elborn College, Room 1445, 
Western University, London, ON N6G 1H1, Canada

2	 Department of Medical Imaging, Victoria Hospital, London 
Health Sciences Centre, Room C1‑649, 800 Commissioners 
Road East, London, ON N6A 5W9, Canada

http://orcid.org/0000-0001-8499-2040

	Vertebral endplate defects: nomenclature, classification and measurement methods: a scoping review
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Graphic abstract

	Introduction
	Methods
	Stage one: the research questions
	Stage two: search strategy
	Stage three: eligibility and screening
	Stage four: data collection and extraction
	Stage five: collating, summarizing and reporting the results

	Results
	Search and selection
	Characteristics of the included studies
	Terms used to denote structural endplate defects
	Definitions of structural endplate defects
	Measurement reliability and advanced measurement methods

	Discussion
	Conclusion
	Acknowledgements 
	References




