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ABSTRACT
Background
Th e infl uence of lumbar endplate morphology on the clinical and radiographic outcomes of lumbar disc arthroplasty has 
not been evaluated to the best of our knowledge. 

Study Design and Objective
In this observational study of 80 patients, the objective was to formulate a reproducible and valid lumbar endplate 
classifi cation system to be used in evaluating lumbar total disc replacement patients.

Methods
A novel vertebral endplate morphology classifi cation system was formulated after review of data related to 80 patients 
enrolled in a prospective, randomized clinical trial in conjunction with an application for a US Food and Drug 
Administration investigational device exemption. Intraobserver and interobserver analyses of the classifi cation system 
were performed on the same 80 patients utilizing the classifi cation system. 

Results
Th e initial review of the radiographs revealed 5 types of endplates: Type I (n = 82) fl at endplates; Type II (n = 26) posterior 
lip; Type III (n = 5) central concavity; Type IV (n = 4) anterior sloping endplate; and Type V (n = 2) combination of Types 
I–IV. Th e intraobserver kappa was 0.66 and the interobserver kappa was 0.51. Th ese kappa values indicate “substantial” to 
“moderate” reproducibility, respectively.

Conclusions
In this study, we propose a lumbar endplate classifi cation system to be used in the preoperative assessment of patients 
undergoing lumbar disc arthroplasty. Th e classifi cation can function as a basis for comparison and discussion among 
arthroplasty clinicians, and serve as a possible exclusionary screening tool for disc arthroplasty. Special consideration 
should be given to Type II endplates to optimize proper positioning and functioning of a total disc replacement (TDR) 
implant. Further outcome studies are warranted to assess the clinical signifi cance of this classifi cation system.

Th e key points of our study are: (1) We present a novel lumbar vertebral endplate classifi cation system; (2) Five types of 
endplates were identifi ed and classifi ed; (3) Intraobserver and interobserver reliability were classifi ed as substantial and 
moderate, respectively; and (4) Th e classifi cation system used may assist in the preoperative evaluation of patients for total 
disc replacement.

Level of Evidence
A systematic review of cohort studies (level 2a).

Key Words: Disc replacement, lumbar, endplate, morphology.  SAS Journal. Winter 2008. 2:16–22. DOI: SASJ-2007-
0118-RR

Does Vertebral Endplate Morphology Infl uence Outcomes in Lumbar Disc 
Arthroplasty? Part I: An Initial Assessment of a Novel Classifi cation System 

of Lumbar Endplate Morphology

James J. Yue, MD, Matthew E. Oetgen, MD, 
Jorge J. Jaramillo-de la Torre, MD, and Rudolf Bertagnoli, MD

INTRODUCTION
Numerous studies have investigated total disc replacement 
(TDR) as a treatment alternative for severe lumbar discogenic 
low-back pain secondary to various stages of lumbar 
spondylosis.1-14 These short- and medium-term outcome studies 

have been encouraging as to the effi cacy of this procedure; 
however, poor outcomes due to continued pain and disability 
do occur. Analyses of the results of some studies of TDR have 
elucidated important factors predicting outcome in patients 
undergoing this procedure. Predictive factors that have been 
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Figure 1. examined include patient disease, intraoperative variables of 
implant positioning, intervertebral angle, disc height, and the 
implanted components.15,16 The effect of vertebral endplate 
morphology has not been evaluated as a possible factor in the 
outcomes of TDR procedures. 

An initial step in evaluating whether or not endplate morphology 
has an effect on TDR outcomes is the identifi cation of a 
classifi cation system that would permit such an evaluation. 
To the best of our knowledge, a lumbar vertebral endplate 
classifi cation system does not exist, either in general terms or 
in terms of lumbar TDR. We therefore undertook the fi rst part 
of this two-part study to identify a simple and reproducible 
endplate classifi cation system that would serve as a basis for 
comparison and discussion among arthroplasty clinicians and 
enhance the preoperative evaluation of patients being assessed 
for lumbar TDR. We present a novel radiographic classifi cation 
of vertebral endplate morphology for evaluating patients 
preoperatively for TDR, and we investigate the reliability of 
this classifi cation. 

MATERIALS AND METHODS
After receiving institutional review board approval, we 
conducted a retrospective radiographic review of 80 consecutive 
patients (119 disc levels) who underwent total disc arthroplasty 
between November 2002 and February 2005. These patients 
were part of a prospective clinical and radiographic outcome 
analysis for an FDA investigational device exemption for the 
ProDisc-L (Synthes, West Chester, Pennsylvania) total disc 
prosthesis. All patients underwent single- or bi-segmental total 
disc replacement utilizing the ProDisc-L prosthesis by a single, 
experienced orthopaedic arthroplasty surgeon. All patients 
underwent extensive preoperative evaluation with standing 
lumbar anteroposterior, lateral, side bending, and fl exion-
extension radiographs. In addition, all patients underwent 
magnetic resonance imaging and computed tomography 
scanning. 

CLASSIFICATION FORMULATION
Prior to the initiation of this study, a novel vertebral endplate 
morphology classifi cation system was developed by the 
two senior author spine surgeons (J.Y. and R.B.) based on 
preoperative, standing, neutral lateral lumbar radiographs 
(Figure 1). 

Type I is defi ned as fl at, with parallel superior and inferior 
vertebral endplates. Type II is defi ned as hooked, with a 
posterior endplate concavity adjacent to a posterior endplate 
extension below the neutral level of the anterior aspect of the 
endplate. Type III is defi ned as concave with either superior or 
inferior endplate concavity greater than 10% of the vertebral 
body height. Type IV is defi ned as convex with anterior endplate 
convexity greater than 20% of the total endplate length. Type V 
is defi ned as combined, with any combination of fi ndings of 
Type II–IV. By defi nition, any of these fi ndings may be seen on 

either the superior and/or inferior endplate, and as such, each 
endplate was examined at each level. Each disc level undergoing 
replacement was evaluated independently.

EVALUATION OF CLASSIFICATION
The interobserver and intraobserver reliability of this 
classifi cation system was evaluated in 80 patients (119 levels). 
Three observers evaluated the radiographs and classifi ed the 
disc levels according to the investigational classifi cation. One 
observer was an experienced orthopaedic spine surgeon with 
extensive TDR operative experience (Observer 1). He had 
preformed the TDRs on the patients in this study, and he had 
helped develop the classifi cation system being evaluated. The 
second observer was a spine surgery fellow (Observer 2), and 
the third observer was a senior orthopaedic surgery resident 
(Observer 3).

Each observer reviewed all radiographs independently at 3 
different sessions. The sessions were a week apart, and the order 
in which the radiographs were reviewed was varied at each 
session. All patient information on each radiograph was blinded 
except for an indication as to the level(s) to be evaluated.

Five types of lumbar endplates: Type I - Flat endplate; Type II - Posterior 
hooked endplate; Type III - Concave endplate; Type IV - Convex endplate; 
Type V - Combined endplates.
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Prior to the evaluation portion of this study, each observer was 
given a thorough explanation of the classifi cation system. At 
each review session the observers were provided a diagram of 
the classifi cation system and a goniometer and encouraged to 
use these tools in their reviews.

STATISTICAL ANALYSIS
Statistical analysis was performed using the SPSS 15.0 
(Chicago, Illinois) computer software program. We fi rst 
calculated the percent agreement between each observation 
to examine the overall prevalence and observer variability. 
Interobserver and intraobserver reliability were tested in 
a stepwise fashion for each pair of observations between 
observers (interobserver) and within observers (intraobserver), 
and the kappa value was calculated to determine the agreement 
between observations. Statistically signifi cant agreement 
beyond chance alone was defi ned as a P value < .05. Kappa 
(�) values were averaged within each group to determine the 
overall levels of interobserver and intraobserver agreement. 
The strength of agreement was evaluated in terms of the 
criteria established by Landis and Koch.17 Accordingly, � 
values of 0.00 to 0.20 indicated slight reliability; 0.21 to 
0.40, fair reliability; 0.41 to 0.60, moderate reliability; 0.61 
to 0.80, substantial agreement; and 0.81 to 1.00, excellent or 
almost perfect agreement. As the clinical impact of this novel 
classifi cation system has yet to be determined, we used an 
unweighted kappa statistic and assumed the classes to be 
nominal categories (unranked categories).18 

RESULTS
Eighty patients underwent TDR during the study period and 
were evaluated. Forty-one patients had single-level procedures 
and 39 patients had multilevel procedures. Table 1 lists the 
frequency of operated levels.

INTEROBSERVER AGREEMENT
Overall there was a moderate amount of agreement in the 

Table 1. Distribution of Operated Levels 

Patient Group L3-L4 L4-L5 L5-S1

Total Patients (n = 80) 6 51 62

Single Level (n= 41) 2 12 27

Multilevel (n= 39) 4 39 35

Multilevel (n= 39) 4 39 35

and Type III between Observer 1 and the other 2 observers; 
Observer 1 more frequently graded levels as Type II, while 
the other 2 observers more frequently graded levels as Type 
III (Table 2). While this data does provide information on the 
overall frequency of grade assignment, it does not provide any 
information on the agreement between the observers. There is 
no indication from this data if the levels assigned Type II by 
Observer 1 were the same levels assigned Type III by the other 
observers.

In order to investigate the agreement between observers, the 
kappa values were determined between the observers. The 
kappa values for each pair of observers (�

1-2
 = 1 and 2, �

 1-

3
 = 1 and 3, and �

 2-3
 = 2 and 3) are shown in Tables 3 to 5. 

Overall, the agreement between the observers was found to be 
moderate, with an average kappa value of 0.45 (�

 1-2
 = 0.42, 

�
 1-3

 = 0.41, �
 2-3

 = 0.51). The kappa value was found to be 
signifi cant for all calculations, indicating a greater than 5% 
possibility that the amount of agreement between observers 
was by chance alone.

The agreement between the 2 less experienced observers 
(Observers 2 and 3) was found to be higher (�

 2-3
 = 0.51) than 

the agreement between either of these observers and the more 
experienced observer (Observer 1). According to the strength 

Data represents the number of disc levels given that rating at fi rst observation / second observation / third observation.

Table 2. Summated Ratings for Each Observer

Observer Type  I Type  II Type III Type  IV Type  V

1 90/ 82/ 85 16 / 26 / 23 7 / 5 / 5 4 / 4 / 4 2 / 2 / 2

2 87 / 88 / 88 9 / 9 / 6 17 / 15 / 17 4 / 6 / 7 2 / 1 / 1

3 78 / 78 / 66 7 / 9 / 8 19 / 18 / 24 12 / 11 / 20 3 / 3 / 1

classifi cation of levels in the most extreme conditions—Type 
I parallel endplates and Type V combination endplates—
among the 3 observers. There was a noticeable difference in 
the frequency with which levels were classifi ed as Type II 

of agreement criteria of Landis and Koch, the inexperienced 
observers showed moderate agreement, while both of the 
inexperienced observers only showed fair agreement with the 
experienced observer.
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Observer 
1

Observer 
3

Observed
Agreement

(n=119)*

Kappa Value
(95% CI)

Session 1 1 80 (67%) 0.46 (0.18 to 0.46)

2 85 (71%) 0.41 (0.27 to 0.55)

3 71 (60%) 0.38 (0.15 to 0.39)

Session 2 1 76 (64%) 0.37 (0.17 to 0.45)

2 80 (67%) 0.47 (0.23 to 0.51)

3 73 (61%) 0.44 (0.22 to 0.46)

Session 3 1 77 (65%) 0.37 (0.18 to 0.44)

2 82 (69%) 0.45 (0.25 to 0.53)

3 73 (61%) 0.37 (0.22 to 0.44)

Average 77 (65%) 0.41

Observer 
1

Observer 
2

Observed 
Agreement

(n=119)*

Kappa Value
(95% CI)

Session 1 1 92 (77%) 0.47 (0.32 to 0.62)

2 88 (74%) 0.38 (0.22 to 0.54)

3 86 (72%) 0.41 (0.19 to 0.51)

Session 2 1 84 (71%) 0.42 (0.23 to 0.53)

2 83 (70%) 0.48 (0.22 to 0.52)

3 77 (65%) 0.39 (0.10 to 0.40)

Session 3 1 83 (70%) 0.48 (0.19 to 0.49)

2 85 (71%) 0.39 (0.22 to 0.52)

3 81 (68%) 0.44 (0.15 to 0.45)

Average 84 (71%) 0.42

INTRAOBSERVER AGREEMENT
The intraobserver agreement was calculated by comparing 
each observer’s results for each of their three evaluations of 
the data. The results are shown in Table 6. The intraobserver 
agreement was quite good for each of the observers, ranging 
from 76–90%. This amount of agreement was associated with 
kappa values in the substantial agreement range (�

 1
 = 0.69, 

�
 2

 = 0.66, �
 3

 = 0.65). All of these values were statistically 
signifi cant (P < .05).

DISCUSSION
Many orthopaedic classifi cations have been developed that 
are based on the radiographic morphology of the structure of 
interest.19-21 In disc arthroplasty this structure is the intervertebral 
disc space, and more specifi cally, the vertebral endplates. The 
morphology of vertebral endplates has been evaluated in the 
past to determine the correlation of the appearance of the 
endplates with disc herniation and the prevalence of low-back 
pain.22,23 Results have been mixed, but a common fi nding in 
these studies has been the extent of the variation in vertebral 
endplate morphology that exists in the population. 

It is reasonable to consider the morphology of the vertebral 
endplate prior to TDR, as this is the structure on which the 
device is implanted. Morphologic differences in vertebral 
endplates do exist and have the potential to infl uence the 
positioning of TDR components; therefore, it may be important 
to classify these morphologies to assist in patient selection and 
surgical planning. 

The classifi cation of disease processes is quite useful. A reliable 
classifi cation system allows physicians to properly characterize 
the problem, which eventually can guide treatment in a 
systematic manner. A classifi cation system can also establish 
expected outcomes, which offers the ability to compare cases 

* Data are given as the number of disc levels, with percentage in parentheses

Table 3.  Interobserver Agreement Observer 1 vs. Observer 2 and treatments across groups of patients and physicians. The 
relatively new fi eld of total disc arthroplasty would benefi t 
greatly from a classifi cation system that could assist in treatment 
guidance and offer some standard by which patients could be 
compared, despite the variety of implants currently used.

We have developed a novel classifi cation system for patients 
undergoing lumbar total disc arthroplasty based on the 
preoperative lateral radiograph. This classifi cation system was 
designed based on the observations of the two senior authors 

* Data are given as the number of disc levels, with percentage in parentheses

Table 4.  Interobserver Agreement Observer 1 vs. Observer 3

who have evaluated numerous patients for total disc arthroplasty. 
The criteria for this system have been defi ned in order to be as 
sensitive as possible, so as to identify all vertebral levels with 
morphologic anomalies. All patients classifi ed as Type I have 
parallel endplates. Patients in Type II have endplates with a 
small posterior concavity followed by an endplate extension 
below the level of the anterior endplate. This posterior extension 
can inhibit the proper posterior positioning of the implant if not 
recognized and contoured appropriately (Figure 2). Type III 
endplates consist of either a superior or inferior endplate with 
greater than 10% concavity as compared to the total vertebral 
body height. Previous cadaveric studies have estimated the 
height of the normal lumbar vertebral body to be roughly 30 
mm.24 A 10% concavity would correlate with a 3 mm void in 
the central region of the endplate, which is the area in which the 
implant’s central keel is placed to gain implant-bone fi xation 
and ultimate bony ingrowth. 

The keel on the ProDisc-L is 6.5 mm in height. With these 
dimensions, a Type III endplate would lack approximately 
50% surface area for endplate fi xation and eventual bony 
ingrowth. Type IV endplates have an anterior convexity of 
greater than 20% vertebral body depth. The average vertebral 
body depth has been estimated to be approximately 35 mm.24 
Therefore, this type of endplate would offer approximately 28 
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mm of fl at endplate to secure device fi xation. The ProDisc-L is 
available in 2 sizes with depth measurements of 30 and 27 mm. 
Endplates with more than 20% anterior convexity may have 
an insuffi cient area on which to implant a prostheses (Figure 
3). Type V endplates consist of any combination of Type II–IV 
morphologic changes.
We have shown this classifi cation system to be reliable and 
reproducible, with kappa values between observers in the 
moderate range (� = 0.34–0.51) and kappa values within 

individual observers in the substantial range (� = 0.65–0.69). 
The results of our analysis are comparable to previously reported 
orthopaedic classifi cations that are commonly used. The Neer 
Classifi cation for proximal humerus fractures has been widely 
used and analyzed. Sidor et al. reported intraobserver kappa 
values of 0.5–0.83 depending on the expertise and experience  
of the observer and interobserver values of 0.43–0.58.21

Spine classifi cations have shown similar results. Cummings 
et al. analyzed the King classifi cation of scoliosis and showed 
intraobserver kappa values of 0.44 to 0.72, with an interobserver 
value of 0.44.20 Finally, Grauer et al. recently offered a 
modifi cation of the Anderson and D’Alonzo classifi cation for 
odontoid fractures with intraobserver and interobserver kappa 
values of 0.41–0.6 and 0.48, respectively.19

We found a difference in the interobserver reliability with 
the experienced observer compared to the less experienced 
observers, but found no difference in the reliability between 
the 2 less experienced observers. This difference is likely due 
to bias from the more experienced observer. The experienced 
observer (who helped develop the classifi cation) was likely 
infl uenced by his baseline knowledge in assessing patients for 
total disc arthroplasty and was less likely to grade endplates 
strictly according to measurements obtained in the review. 
The less experienced observers were more likely to grade the 

endplates based solely on the measurements obtained in their 
review. This bias is a reasonable explanation for the difference 
in the kappa values between the observers. This explanation 
is further supported in reviewing the summated ratings from 
each observer (Table 2). Type II has been suggested by the 
classifi cation developers to be quite important to identify 
because the posterior endplate extension, if not identifi ed and 
addressed at the time of surgery, can lead to great diffi culty 
in properly positioning the implant. Type II is radiographically 
similar to Type III. 

Operative experience would likely bias an observer to identify 
more Type II endplates, as these would be more important to 
identify preoperatively so proper planning could be carried 
out. We noticed such bias as shown in Table 2. Observer 1 
consistently identifi ed more Type II endplates, whereas the less 
experienced observers consistently identifi ed more Type III 
endplates.

Despite some variation in the interobserver reliability, we found 
a high degree of reliability in the intraobserver calculations for 
our classifi cation, regardless of clinical experience. Kappa values 
were found to be 0.65 to 0.69, which is considered substantial 
agreement. The high level of agreement for this classifi cation 
is likely due to the relative simplicity of the type defi nitions. 
This allows for more consistent analysis of the endplates 

* Data are given as the number of disc levels, with percentage in parentheses

Table 5.  Interobserver Agreement Observer 2 vs. Observer 3

Observer 
2

Observer 
3

Observed
Agreement

(n=119)*

Kappa Value
(95% CI)

Session 1 1 88 (74%) 0.47 (0.32 to 0.62)

2 91 (76%) 0.52 (0.37 to 0.67)

3 80 (67%) 0.41 (0.27 to 0.55)

Session 2 1 90 (76%) 0.52 (0.37 to 0.67)

2 97 (82%) 0.62 (0.48 to 0.76)

3 85 (71%) 0.48 (0.34 to 0.62)

Session 3 1 92 (77%) 0.53 (0.38 to 0.68)

2 94 (79%) 0.57 (0.42 to 0.72)

3 84 (71%) 0.46 (0.32 to 0.60)

Average 89 (75%) 0.51

Observations
Observed 

Agreement 
(n=119)*

Kappa Value 
(95% CI)

p 
Value

Observer 
1

1 and 2
98 

(82%)
0.60 

(0.45 to 0.75)
.000

2 and 3
106 

(89%)
0.76 

(0.64 to 0.88)
.000

1 and 3
103 

(87%)
0.70 

(0.56 to 0.84)
.000

Average 102 (86%) 0.69

Observer 
2

1 and 2
99 

(83%)
0.61 

(0.46 to 0.76)
.000

2 and 3
107 

(90%)
0.76 

(0.63 to 0.89)
.000

1 and 3
99 

(83%)
0.61 

(0.45 to 0.77)
.000

Average 102 (86%) 0.66

Observer 
3

1 and 2
96 

(81%)
0.64 

(0.51 to 0.77)
.000

2 and 3
99 

(83%)
0.71 

(0.60 to 0.82) 
.000

1 and 3
91 

(76%)
0.60 

(0.47 to 0.73)
.000

Average 95 (80%) 0.65

Table 6.  Interobserver Agreement Observer 2 vs. Observer 3

* Data are given as the number of disc levels, with percentage in parentheses
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Figure 2. 

with objective standards, rather then relying on subjective 
assessment with each observation. A substantial amount of 
agreement was even seen for the most experienced surgeon, 
despite suggestions of subjective bias in his observations in 
the interobserver analysis. The intraobserver reliability is most 
important in classifi cations used for preoperative assessment of 
patients. A high intraobserver value allows surgeons to make 
consistent treatment decisions, which likely are more important 
for patient outcome than the interobserver reliability of a 
classifi cation.

Like all classifi cations and their analysis, ours has its 
limitations. We did fi nd evidence of observational bias by the 
most experienced physician in our study. Despite this limitation, 
the experienced physician had a high degree of intraobserver 
reliability in his measurements, suggesting this classifi cation 
system is reliable even when exposed to subjective assessment. 
A potential limitation of our classifi cation is the analysis of 
vertebral endplate morphology (a 3-dimensional structure) 

based on a single 2-dimensional radiograph. Although this is 
not ideal, we believe that if we could demonstrate the validity 
of our classifi cation system using plain radiographs, then the 
use of additional, more advanced imaging such as sagittal CT 
reconstructions would only add to the accuracy and clinical 
usefulness of the system. Our classifi cation system is simple 
and based on a standard radiograph that is routinely obtained in 
all chronic spinal conditions. Finally, our classifi cation may be 
limited by its underlying defi nitions of the different types. We 
have attempted to defi ne our classifi cation based on fi ndings 
that may impact clinical decision making or surgical planning. 

We have based our measurements on reported averages of 
vertebral body measurements. Certainly variations exist in the 
dimensions of vertebral bodies, and as discussed above, we have 
tried to make our class defi nitions in such a way to include any 
subjects with potential clinically signifi cant fi ndings. This may 
predispose our classifi cation to interpret radiographic fi ndings 
as more clinically important then they may be. In classifi cation 
systems used to assess patients for surgical procedures, we 

Figure 3. 

(A) Preoperative Type II endplate. (B) Postoperative Type II endplate with 
anterior positioning of superior L5 endplate due to posterior L5 hook 
anatomy.

A

B

(A) Preoperative Type IV endplate. (B) Type IV endplate with convex S1 
endplate and subsequent lack of endplate coverage.

A

B
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believe it is important to err on the side of increased sensitivity. 
This allows for the most thorough preoperative planning and 
ensures that potential clinically signifi cant variations in anatomy 
are not missed.

We have introduced a classifi cation for lumbar vertebral 
endplate morphology which may be useful in preoperative 
patient assessment prior to total disc arthroplasty. This 
classifi cation appears to be reproducible and reliable across a 
range of clinical experience levels. Use of this classifi cation 
system will be helpful in the preoperative planning for patients 
undergoing TDR, especially in preparing for the critically 
important endplate contouring aspect of the procedure. The 
information provided with this classifi cation may eventually be 
useful in patient selection for total disc arthroplasty, as well as 
providing a rationale for implant selection, based on different 
base plate fi xation designs and implant size options. Further 
prospective analysis is needed to validate this system’s clinical 
usefulness and its potential to predict patient outcome.
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