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Impact of the Severity of Endplate Fracture on the
Development of Intervertebral Disc Degeneration in
Patients Treated with Instrumented Fusion for Unstable
Traumatic Thoracic and Lumbar Fractures

Chang-Hoon Jeon, M.D., Ph.D., Nam-Su Chung, M.D., Hee-Woong Chung, M.D., Han-Dong Lee, M.D.
Department of Orthopaedic Surgery, Ajou University School of Medicine, Suwon, Korea

Study Design: Retrospective analysis.

Objectives: To determine the impact of the severity of endplate fracture (EF) on intervertebral disc degeneration (DD) in patients treated
with instrumented fusion for unstable traumatic thoracic and lumbar fractures.

Summary of Literature Review: The relationship between the severity of EF and DD has not been established.

Materials and Methods: This study analyzed 90 levels of intervertebral discs adjacent to EF and 180 adjacent vertebral endplates.
We enrolled 34 consecutive patients who had suffered a traumatic thoracic or lumbar fracture and were treated surgically. Magnetic
resonance imaging (MRI) was used to assess the Pfirrmann grade of the intervertebral discs adjacent to the fractured vertebra at injury
(baseline) and follow-up (mean, 16.1+3.9 months from baseline). MRI at baseline was used to evaluate the severity of EF using the total
endplate defect sore (TEPS). Multivariate logistic regression analysis was used to identify independent risk factors among baseline
parameters for predicting the development of DD (Pfirrmann grade > IIl) at follow-up.

Results: All discs were grade Il at baseline and changed to grade Il in 20 (21.2%) discs and grade IV in 4 (4.3%) discs at follow-up. TEPS
at baseline had the strongest association with the development of DD at follow-up in the analysis. Receiver operating characteristic
curve analysis indicated that the optimal cut-off value of TEPS for the development of DD was 6.

Conclusions: The severity of EF at the time of the injury was associated with the development of DD. Severe EF (TEPS >6) at the time of
the injury resulted in DD.

Key words: Intervertebral disc degeneration, Dndplate defect; Endplate fracture, Total endplate defect score, Spinal fracture

is a thin structure composed of cartilaginous and bony layers

Introduction

Intervertebral disc degeneration (DD) is a core pathophysiology

in spinal di n 1 ible risk factor fi k
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pain in adults."” DD has commonly been observed after
fractures of the thoracolumbar spine.3-6) It has been associated

with progressive kyphosis and pain in thoracolumbar fracture

patients treated conservatively, or with recurrent kyphosis and
pain even after spinal instrumentation and fusion.””

The correlation between thoracolumbar fracture and DD is
still controversial.**"'? Some studies have reported that the
endplate fracture (EF) was related with the degenerative change

3-6,13,14,

of adjacent intervertebral discs. " The vertebral endplate
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that lie between the vertebral body and intervertebral disc. It
helps to stabilize disc structures and plays a role in metabolic
transport to the intervertebral disc. Therefore, some argued
that DD is affected by the instability and metabolic dysfunction
caused by EF, not by a simple external force.” ¥

However, DD does not always occur when there is EF.
Nevertheless, most studies focused only on the relationship
between the presence of EF and DD, and the impact of the
severity of EF on DD was not known. Rajasekaran et al."”
graded the severity of endplate defects using the total endplate
defect score (TEPS), and reported a relationship with the DD.
Rade et al."” proved the usefulness of TEPS again by proving
the correlation between severity of ED and DD in large—scale
twin studies.

We hypothesized that since EF is a type of endplate defect,"”
TEPS can be used to assess the severity of EF and predict the
development of DD. In this study, the incidence of DD and
related factors, especially the severity of EF according to TEPS,
were investigated in patients with unstable thoracic and lumbar

fractures treated with spinal instrumentation and fusion.

Materials and Methods

1. Subjects

This retrospective study has been approved by our Institute’s
Fthics Committee. (AJIRB-MED-MDB-18-180).

This was a retrospective analysis of prospectively recruited
subjects. The study population consisted of 34 consecutive
patients, treated with long—level (two levels above and
below) stabilization and posterior fusion using auto iliac
bone (all segments included in instrumentation) for unstable
thoracolumbar fractures (AO Spine Thoracolumbar Spine
Injury Classification System grade A4-C) and underwent
removal surgery after successful fusion, confirmed on dynamic
radiograph and computed tomography, in a single institute
between June 2013 and April 2018. All patients wanted
to undergo implant removal surgery and were provided
with informed consent forms that included information
pertaining to the limited evidence regarding any benefits, and
complications, of pedicle screw removal. We excluded patients
with previous spinal disease or DD (Pfirrmann grade >1II),
previous spine surgery, history of genetic or metabolic disease,

pathological or osteoporotic fracture, postoperative infection,

concomitant laminectomy, short level fusion, and removal of
instrumentation 2 years after the index surgery.

Demographic characteristics, including gender, age, smoking,
body mass index (BMI), mechanism of injury, concomitant
injuries, AO type of the fractured vertebrae, presence of
posterior ligamentous complex injury, intervertebral disc level
(thoracic, T4 -5 to T10-11; thoracolumbar, T11-12to L1 -
25 lumbar, L2 -3 to L4 - 5), time to operation, operation time,
and follow—up period were obtained from medical records.

2. Surgical Procedures

All patients underwent the same procedures, performed by
one surgeon, as soon as possible after injury. The procedures
consisted of postural and instrumental reduction, open pedicle
screw fixation under fluoroscopic guidance, and posterior
fusion with auto—iliac bone under general anesthesia. A
fluoroscope was used to prevent endplate breach by the
screw in all cases. Patients were encouraged to walk with a
plastic thoracolumbar sacral orthosis (TLSO) brace as soon
as possible after surgery. The brace was applied for 3 months.
Fusion was evaluated using dynamic radiography (having
<5° of movement on flexion—extension radiographs)'® and

) at 6-month intervals after

CT (bony bridging without gap
the operation. After fusion was confirmed, the decision to
perform implant removal surgery was made after explaining
the advantages and risks to patients. The second operation was

also performed under general anesthesia by the same surgeon.

3. Radiological Evaluation

We analyzed 90 intervertebral disc levels adjacent to EF and
180 adjacent vertebral endplates using magnetic resonance
imaging (MRD) at the time of injury (baseline) and at follow—
up (Fig. 1). Initial radiological work—up was performed as
soon as possible after the patient was admitted to the hospital.
Radiological work—up at follow—up was performed just before
implant removal surgery (mean of 16.1+3.9 months after the
index surgery).

Degenerative status of the intervertebral disc was classified
according to the grading system of Pfirrmann et al.””
We defined DD at follow—up as Pfirrmann grade >TII
intervertebral disc.”® We evaluated the severity of defects in the
cranial and caudal endplates of each intervertebral disc using
the TEPS." The TEPS for a disc is the sum of the endplate
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defect score of the cranial and caudal endplates. The endplate
defect score ranges from 1 to 6; thus, the TEPS ranges from 2
to 12. Endplate defects are scored as follows (Grade 1, normal
endplate; Grade 2, focal thinning of endplate; Grade 3, focal
disc marrow contact (breakage); Grade 4, defect (depression

of endplate) up to 25% of width of endplate with or without

Fig. 1. This image is a combination of magnetic resonance imaging at the
time of injury and a postoperative radiograph of a patient with unstable
lumbar fractures. The patient had an AQ type A4 fracture with both cra-
nial and caudal endplate fractures at L3 and an AQ type A1 fracture with
cranial endplate fracture at L4. (A) Intervertebral discs (white arrows)
included in the analysis of this study. Among the segments included in
fixation, only the L2-3 and L3-4 discs adjacent to the endplate fractures
(black arrows) were analyzed in this study. (B) Endplates (arrows heads)
included in the analysis of this study. Two adjacent endplates (white ar-
rowheads, L1 caudal endplate and L3 cranial endplate) were included
in the analysis as a factor related to L2-3 disc degeneration. L3-4 was
analyzed separately using endplates adjacent to it (grey arrowheads, L3
caudal endplate and L4 cranial endplate).

Modic change; Grade 5, def (depression of endplate) up to
50% of width of endplate with or without Modic change;
Grade 6, complete endplate damage (irregularity and sclerosis)
with or without Modic change (Fig. 2). All evaluations of
intervertebral discs and endplates were performed based on
reconstructed T2 sagittal images. Three experienced spine
surgeons analyzed the images and classified the TEPS and DD

three times, at 1-month intervals.

4, Statistical Analyses

We calculated the required sample size using statistical power
analysis based on Rajasekaran et al."”” (121 cases with DD of
Pfirrmann grade >1II among 226 cases with TEPS >6, and 15
cases with DD of Pfirrmann grade >1II among 139 cases with
TEPS <6); At least 30 cases were required to achieve a power
of 80% with a two—tailed significance level of p<0.05 The
intraclass correlation coefficient (ICC) was used to calculate
the intra— and interobserver reliability of the Pfirrmann grade
of the intervertebral discs at follow—up, and of the TEPS at
baseline. The ICC values for the intraobserver reliability were
obtained using the single measure method for each observer’
s three measurements. The ICC values for the interobserver
reliability were obtained using the average measures method
for the last measurement round values of three observers.
Values of <0.40, 0.40-0.59, 0.60—0.74, and 0.75 - 1.00 were
considered poor, fair, good, and excellent, respectively.w

We assessed the associations between various factors
and the development of DD using Pearson’s correlation
and Spearman’s rank correlation, depending on the type of

Total endplate defect score=score of cranial endplate defect+score of caudal endplate defect

Score Characteristics

1 No endplate breaks or defects
2 Focal thinning of endplate
3 Focal disc marrow contacts,

Normal contour,

No Modic changes
4 Defect upto 25% of width of endplate
5 Defect upto 50% of width of endplate
6 Complete endplate damage

Fig. 2. The total endplate defect score (TEPS).
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variable. Spearman’s rank correlation coefficient ranged from
-1 to 1, with 1 indicating a perfect correlation, 0 indicating no
correlation, and -1 indicating a perfect inverse correlation. A
correlation coefficient of R<0.3 is considered weak, while R=
0.3-0.59 is moderate and R>0.6 is strong.

Multivariate logistic regression analysis was used to identify
independent risk factors for the development of DD. Variables
eligible for inclusion in the multivariate models included those
significant at p<<0.20 in the univariate analyses. Receiver
operating characteristic (ROC) curves were generated to
determine the cut—off value of TEPS at baseline to predict the
development of DD. The Youden index was used to determine
the cut—off value. The data from this study were analyzed
using SPSS statistical software (ver. 20.0; IBM, Armonk, NY,
USA). In all analyses, p<0.05 was taken to indicate statistical

significance.

Table 1. Baseline characteristics of the patients

Results

1. Demographic Data (Table 1)

Of the 34 patients, 24 were male and 7 were female. The
mean age was 37.0 years. The majority of patients were non—
smokers (n=23 [68.6%)). The mean BMI was 23.6 kg/m”.
Fall was the most common cause of injury (n=18 [51.4%])).
Motor vehicle crash (n=10 [28.6%]) and crush injury (caused
by a heavy object; n=6 [17.1%)) were the next most common
injury types. The total number of damaged vertebras with
endplate fracture was 58. AO type B2 was the most common
fracture type (n=33, 56.9%), followed by Al (n=14, 24.1%)
and A4 (n=7, 12.1%).

2, Reliability of Pfirrmann Grade and TEPS in Thoracol-
umbar Fracture

The ICC value for the intraobserver reliability of the

Pfirrmann grade of DD, of the intervertebral discs at follow—

Total (N = 34)
Male, n (%) 24 (70.6)
Age, years 37.0+14.2 (13-64)
: Non-smoker 23 (68.6)
0,
Smoking. n (%] Smoker 11(31.4)
BMI, kg/m’ 23.6+2.9(18.9-30.1)
Fall 18 (51.4)
Mechanism of injury, n (%) MVC 10 (28.6)
Crushed by heavy object 6(17.1)
Al 14 (24.1)
A2 0(0)
. A3 2(3.4)
0,
AQ fracture type of injured vertebra, n (%) A 7012.1)
B2 33(56.9)
C 2(5.9)
The presence of posterior ligamentous complex injury, n (%) 30(88.2)
Thoracic (T4-5 to T10-11) 12(12.8)
Intervertebral disc level, n (%) Thoracolumbar (T11-12 to L1-2) 49 (52.1)
Lumbar (L2-3 to L4-5) 29(31.0)
Time to operation, hours 90.7+105.7 (8.2-522.3)
Operation time, hours 3.0:0.9(2.1-6.2)

Length of follow-up, months

16.1£3.9 (7.0-23.9)

BMI: body mass index, MVC: motor vehicle crash.
*Note: unless otherwise stated, range is indicated in parentheses.
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Table 2. TEPS at baseline and follow-up

TEPS at follow-up

Total
2 3 4 5 6 7 8 9 10 1

TEPS at baseline 2 21 1 1 0 0 0 0 0 0 23
3 4 2 2 1 0 1 0 0 0 0 10
4 5 1 1 3 2 0 0 0 0 0 12
5 0 3 3 8 4 1 1 0 2 1 23
6 0 0 1 1 4 3 1 0 0 0 10
7 0 0 0 0 1 2 1 1 1 0 6
8 0 0 0 0 1 1 0 0 0 0 2
10 0 0 0 1 0 0 0 0 1 0 2
" 0 0 0 0 0 0 0 1 0 1
12 0 0 0 0 0 0 0 0 1 1 1

Total 30 7 8 14 12 8 3 1 6 1 90

TEPS: total endplate defect score.

up, was excellent [0.845, 95% confidence interval (CD): 0.709 -
0.920)], and that for interobserver reliability was good (0.693,
95% CI: 0.378 - 0.848). The ICC value for the intraobserver
reliability of the TEPS at baseline was excellent (0.946, 95% CI:
0.894 -0.973). The ICC value for interobserver reliability of the
TEPS at baseline was excellent (0.768, 95% CI: 0.531 - 0.886).

3. Development of Disc Degeneration and Endplate
defect
All discs were grade II at injury, which changed to grade III
in 20 cases (21.2%) and grade IV in 4 cases (4.3%) at follow—
up. The mean TEPS was 4.4 + 2.2 at baseline, which changed
to 4.6%2.5 at follow—up (p=0.339). Table 2 shows the changes
in TEPS between baseline and follow—up.

4. Risk Factors for Disc Degeneration

Among the various demographic and radiological factors,
intervertebral disc level and the TEPS were correlated with
the development of DD. Spearman’s rank correlation test
showed a weak correlation between intervertebral disc level
and the development of DD (r=0.210, p=0.047). A strong
correlation was observed between the TEPS at baseline and the
development of DD (r=0.669, p<0.001).

Potential risk factors for DD, as determined by univariate
analysis, included intervertebral disc level and TEPS at baseline.

26 www.krspine.org

Table 3. Multiple logistic regression model for the occurrence of disc
degeneration

Risk factor Adjusted Odds Ratios value
(95% Confidence Interval) P
Intervertebral disc level 0.682
- Thoracolumbar vs. thoracic 1.495 (0.151-14.838) 0.731
- Lumbar vs. thoracic 2.610(0.214-31.877) 0.452
TEPS at baseline 3.163 (1.792-5.582) <0.001

TEPS: total endplate defect score.
*Nagelkerke R2=0.565.

The results of multivariate logistic regression analysis to identify
independent risk factors for DD are shown in Table 3. The
TEPS at baseline showed the strongest association with the
development of DD, with an adjusted odds ratio of 3.163 after
controlling for other variables in the model (95% CI: 1.792 -
5.582, p<0.001). ROC curve analysis indicated that the optimal
cut—off value of TEPS at baseline for the development of DD
was 6, with 79.2% sensitivity, 95.5% specificity, and an area
under the curve (AUC) value of 0.93 (95% CI: 0.87-0.99).

Discussion

This is the first study to demonstrate the impact of the
severity of EF on the development of DD in patients with

unstable thoracic and lumbar fractures treated with spinal
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instrumentation and fusion. We analyzed the relationships
between the development of DD and various baseline
parameters, including the severity of EF at injury, which was
graded using the TEPS. Our results showed that, among
the baseline parameters, intervertebral disc level and TEPS
at baseline were correlated with DD. In multivariate logistic
analysis, the TEPS at baseline was the only risk factor for DD.
The cut—off value of TEPS at baseline for the development of
DD was 6.

DD has been commonly observed after thoracolumbar
spine fractures under spinal instrumentation.” Wang et
al.? evaluated the development of DD in 26 patients (mean
age, 39.6+10.3 years) who were surgically treated for
thoracolumbar burst fracture. On MRI scans obtained at 23.5
months (15— 36 months) follow—up, they found changes in
the Pfirrmann grade in about half of the patients (from II to IIT
in 14 cases, [ to IV in 1 case, and III to IV in 4 cases). Choi et
al.” evaluated the DD in 57 surgically treated thoracolumbar
fracture patients. An MRI evaluation was performed 2 years
after the removal operation and revealed a DD of Pfirrmann
grade>1II in 43.3% of intervertebral discs adjacent to the
fractured vertebrae, predominantly affecting intervertebral
discs in contact with the EF. In this study, approximately 20%
of grade II discs adjacent to the endplate fracture changed to
grade III disc and approximately 4% of grade II to grade IV
discs with a mean follow—up of 16.1+3.9 months under spinal
instrumentation and fusion.

Previous studies have confirmed that the presence of EF is
related to the occurrence of DD. Wang et al.? found new disc
degeneration occurred only at level adjacent to the cranial
endplate of fractured vertebra. Verlaan et al.”” treated 20
thoracolumbar fracture patients with endplate restoration using
a balloon catheter and cement augmentation, and evaluated
the intervertebral discs by MRI 1 month after the removal
operation (12 - 18 months after the index surgery). They
found that the change to severe DD (Pfirrmann grade >IV)
was not significant. Choi et al.5) compared intervertebral discs
contacting with and without EF under spinal instrumentation
and they found a higher incidence of DD in the intervertebral
discs contacting with EF (43.3% vs. 32.1%, p<0.001).

They also found that DD occurred statistically significantly
more in the discs under instrumentation (7.9% vs. 32.1%,
p<0.001). They postulated that fixation with pedicle screws

A

TEPS = 10 (4;%,6)
|7

e =
TEPS|_=.6’(1[?§{ -.
TEPS = 3‘(1’+4)$ z

At injury At final follow-up

Fig. 3. A 21-year-old man presented to our emergency room for back pain
that occurred after falling 30 meters. He was not a smoker. His body mass
index was 25.7 kg/m’. He was diagnosed with an AQ type B2 fracture of
L1 and A1 fractures of L2 and L3. The vertebral canal was compromised,
but he was neurologically intact. The patient was treated with postural
and instrumental reduction, instrumentation two levels above and two
levels below the L1 vertebra, and fusion of all segments within T11-
L3. (A)Magnetic resonance imaging obtained at the time of the injury
showed that the intervertebral discs at T12-L1, L1-2, and L2-3 were of
Pfirrmann grade II. There was severe endplate fracture and, in both inter-
vertebral discs adjacent to L1, the total endplate defect score was 10 at
T12-L1 (4 for the T12 caudal endplate and 6 for L1 cranial endplate), 7 at
L1-2 (1 for the L1 caudal endplate and 5 for the L2 cranial endplate), and
5 at L2-3 (1 for the L2 caudal endplate and 4 for the L3 cranial endplate).
(B) At the final follow-up (23.9 months after the index operation), the
endplates adjacent to the intervertebral discs of T12—-L1 and L1-2 had
changed to show an irregular surface, and both intervertebral discs had
changed to Pfirmann grade IV. However, the intervertebral disc of L2-3
remained at Pfirmann grade |I.

can reduce cyclical loading and lead to disc degeneration.
The low incidence of DD in this study compared to previous
studies may be due to the short period of time when cyclic
loading is limited due to a relatively short follow—up period.
However, the fact that severe DD did not occur when the
endplate was sufficiently restored despite instrumentation over
a similar period, as the study by Verlaan et al.”” may suggest
that endplate damage acted as a more important factor in DD
development than instrumentation itself.

We confirmed that the severity of EF influenced DD using
the TEPS (Fig. 3, 4). The TEPS is a 6—point grading system for
endplate defects in humans that was developed by Rajasekaran
et al.”” As EF is a type of endplate defect, we postulated that
the TEPS may also be used for grading EFs. Prior to application
of the TEPS for grading of EFs, we analyzed the intra— and
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TEPS = 381 )

At injury At final follow-up

Fig. 4. A 58-year-old man presented to our emergency room due to back
pain that occurred after a motor vehicle injury. He had no medical dis-
eases, was a non-smoker, and was not obese. He was diagnosed with
an AO type B2 fracture of L1. He showed a lamina fracture at L1 and the
posterior ligamentous complex at T12-L1 was ruptured. A huge epidural
hematoma from T12-L4 was present, but he had no neurological deficits.
The patient was treated with instrumentation and fusion, two levels
above and two levels below the injury. (A) A magnetic resonance imag-
ing scan obtained at the time of the injury showed that the intervertebral
discs above and below the fractured vertebra were of Pfirrmann grade II.
There was no severe endplate fracture. In the intervertebral disc above
the fractured vertebra, the total endplate defect score (TEPS) was 5 (1 for
the cranial endplate and 4 for the caudal endplate). In the intervertebral
disc below the fractured vertebra, the TEPS was 3 (2 for the cranial end-
plate and 1 for the caudal endplate). (B) At the final follow-up (13 months
after the index operation), the endplate had healed and both interverte-
bral discs were still of Pfirrmann grade I1.

interobserver reliability of the TEPS for EFs; the results were
excellent. Two previous studies regarding the relationship
between the TEPS and DD showed cut—off values of TEPS
for the development of DD of =6 and >5.""%" In the present
study, we performed longitudinal analysis between the TEPS at
injury and the development of DD at follow—up, and the cut—
off value of TEPS to predict the development of DD was 6.
Concerned about secondary kyphosis or treatment failure

caused by DD, Verlaan et al.”” insisted on endplate restorations

1
1.'9 were concerned

in thoracolumbar burst fracture. Wang et a
that recurrent kyphosis may occur due to disc space collapse
due to disc degeneration in the patients treated with short
segment instrumentation in the thoracolumbar burst fracture.
Studies have also reported that disc lesions correlate with
kyphosis after implant removal in thoracolumbar fractures.””

DD itself may act as a cause of pain even after posterior

28 www.krspine.org

fusion.” The results of this study are still insufficient as evidence
for changing the treatment direction in thoracolumbar fractures
with severe EF and further research is needed. However,
However, the results of this study suggest that the pain and
recurrent kyphosis caused by DD must be explained to the
patient in advance, and special attention is required in patients
with thoracolumbar fractures with severe EF.

1. Limitations

Our study had several limitations. First, it used a retrospective
design with a relatively short follow—up period. The results of
this study indicated that only TEPS was a predictive factor for
the development of DD; other factors, including age, BMI,

| 25)

intervertebral disc level,” and length of follow—up did not
have good predictive utility, possibly due to nature of the study
design. Second, the patients included in this study were treated
surgically with long—segment instrumentation. Instrumentation
may prevent cyclic loading of the disc and promote DD.” Our
results cannot be applied to patients treated surgically with
short—segment instrumentation and to non—surgical patients.
Third, this study did not include clinical outcomes or the
recurrent kyphosis. Since this study included multi—segment
fractures, which may act as a confounder, it was difficult to
assess the clinical outcomes or the degree of kyphosis. Further
studies are needed on the degree of kyphosis, pain, and disc
degeneration in patients with single segment spinal fractures.
Finally, we defined the development of DD as Pfirrmann
grade 21II. However, several previous reports regarding the
relationship between TEPS and DD defined DD as Pfirrmann
grade >1V, 2% while others defined DD as Pfirrmann grade
> 1> As our study had a short follow—up, progression of
DD to grade IV was very rare. Nevertheless, the change to
Pfirrmann grade IIl was definite and reliable.

Conclusions

The severity of EF at injury was associated with the
development of DD. The severity of EF at injury was the only
risk factor for the development of DD. Severe EF (TEPS >6)
at injury resulted in significant DD within a short period. DD
can occur in intervertebral discs in contact with severe EF. This
can be an important criterion for determining whether DD is

due to trauma. In addition, since pain and recurrent kyphosis
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related to DD may occur, it is necessary to explain this to the
patient of thoracolumbar fracture with severe EF (TEPS >6) in

advance and pay special attention.
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