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Objective: Vertebral endplate disruptions (VEPD) are common findings on imaging after
lumbar surgery. The objective of this study was to explore the clinical implications of VEPD
development following lumbar discectomy with or without implant with a bone-anchored
annular closure device (ACD).

Methods: This was a multicenter randomized controlled trial of patients with large post-
surgical annular defects after limited lumbar discectomy who were randomized to addition-
ally receive an ACD or no additional treatment. VEPD were identified on computed
tomography and confirmed by an imaging core laboratory. Clinical outcomes included
recurrent herniation, reoperation, Oswestry Disability Index, leg pain, and back pain.
Patient follow-up in this study was 3 years.

Results: In the ACD group (n=272), the risk of reoperation was lower in patients with vs
without VEPD (8% vs 24%, p<0.01), but no other clinical outcomes differed when stratified
by VEPD prevalence or size. In the Control group (n=278), the risk of symptomatic
reherniation was higher in patients with VEPD (41% vs 23%, p<0.01) and patients with
the largest VEPD had the highest reoperation rates. Patient-reported outcomes were not
associated with VEPD prevalence or size in the Control group.

Conclusion: VEPD had no significant influence on patient-reported outcomes at 3 years
after lumbar discectomy. VEPD increased the risk of recurrence in patients treated with
lumbar discectomy only, but had no negative influence in patients treated with the ACD.
Keywords: annular closure, disc herniation, lumbar discectomy, randomized controlled trial,

sciatica, vertebral endplate

Introduction

Vertebral endplate disruptions (VEPD) are common findings on magnetic resonance
imaging or computed tomography (CT) in asymptomatic adults and in patients with low
back pain.'> New VEPD may also develop after lumbar surgery.”® However, the
natural history and long-term clinical implications of VEPD are unclear. Results from
a randomized controlled trial demonstrated that patients with lumbar disc herniation
treated with limited lumbar discectomy and a bone-anchored annular closure device
(ACD) had a lower risk of symptomatic recurrence and reoperation versus those treated
with limited lumbar discectomy only, even though the ACD group had a higher fre-
quency of VEPD in follow-up.” Since the typical patient undergoing lumbar discectomy
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is 40 to 50 years of age, it is imperative to understand the
natural history and clinical consequences of VEPD over the
long term. This study presents long-term data on the associa-
tion between VEPD and clinical outcomes from a randomized
controlled trial of patients with large annular defects under-
going limited lumbar discectomy with or without bone-
anchored ACD.

Methods

Details of the study design, patients, procedure, and VEPD
assessment methods have been previously reported.® Briefly,
this randomized controlled trial was conducted to determine
whether implantation of a bone-anchored ACD following
lumbar discectomy reduced the risk of recurrent herniation
compared to lumbar discectomy alone in high-risk patients
with large annular defects. The clinical trial was conducted
according to the principles of the Helsinki Declaration, was
approved by local ethics review boards (Supplement Table 1),

and all participants provided written informed consent. This
study was prospectively registered at ClinicalTrials.gov
(NCTO01283438). Important study eligibility criteria were
single-level lumbar disc herniation, disc height > 5 mm,
attempted nonsurgical treatment for at least 6 weeks, back-
related disability at least 40 points (0-100 scale) on the
Oswestry Disability Index (ODI),” and leg pain severity at
least 40 points (0—100 scale) on a visual analogue scale.'®
Eligible patients underwent limited lumbar discectomy
where only extradiscal tissue was removed. After completion
of the discectomy, patients with a large annular defect

Titanium bone anchor

Flexible polymer mesh —

Radiopaque platinum
iridium marker

(46 mm tall and 6-10 mm wide) were intraoperatively
randomized to limited discectomy only or additional implan-
tation with a bone-anchored ACD (Figure 1). The annular
defect size criterion was implemented since the risk of symp-
tomatic reherniation and reoperation in patients with large
annular defects is more than double that compared to those
with small annular defects."’ Patients with small annular
defects or defects larger than 10 mm were excluded from
further study participation. Patients returned for follow-up
visits at 6 weeks, 3 months, 6 months, and annually thereafter.

VEPD were evaluated at baseline and at annual follow-up
visits by multiplanar, low-dose CT with two-dimensional
reconstruction at the index level. CT images were read by
board-certified radiologists at an independent imaging core
laboratory who were blinded to patient outcomes. VEPD
was defined as any osseous disruption of the superior or
inferior vertebral endplate observed on CT that could not be
explained by the overall shape of the endplate, recognizing the
variation in morphology among vertebral endplates.'”> Main
clinical outcomes included ODI, leg pain severity, back pain
severity, symptomatic reherniation confirmed by clinical and
imaging findings, and reoperations.

Statistical analyses were performed on a modified inten-
tion-to-treat population, which included all randomized
patients in whom the intended procedure was attempted.
Baseline patient characteristics are presented as means and
standard deviations for continuous variables and numbers
and percentages for categorical variables. Group compari-
sons were made using Student’s #-test for continuous data or

Figure | Graphic representation of the bone-anchored ACD, with a titanium bone anchor holding the polyester mesh in place (left panel). Lateral radiograph showing the

bone-anchored ACD implanted at L4-L5 (right panel).
Abbreviation: ACD, annular closure device.
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Figure 2 Heatmap distribution of VEPD location across the vertebral endplate on axial CT in the ACD (left) and Control (right) groups.
Notes: Among patients with at least | VEPD at the 3-year follow-up visit, the relative frequency of VEPD at any vertebral endplate location was higher in the ACD group.
Independent of VEPD frequency, the location of VEPD tended to be comparable among groups, with the highest frequencies observed in the central or central-posterior

portion of the endplate.

Abbreviations: ACD, annular closure device; CT, computed tomography; VEPD, vertebral endplate disruption.

Fisher’s exact test for categorical data. Time-to-event data
were analyzed using Kaplan-Meier methods with Log-rank
tests for group comparisons. Statistical significance was set
at P<0.05 and hypothesis testing was two-sided. Statistical
analyses were performed using SAS v9.4 (SAS Institute)
and R v3.3.2 (R Foundation for Statistical Computing).

Results

The modified intention-to-treat population consisted of 272
patients in the ACD group and 278 in the Control group.
VEPD were present at baseline in 18% of the ACD group and
15% of Controls. In follow-up, there were 436 VEPD in the
ACD group and 140 VEPD in Controls (P<0.001). Based on
an a priori analysis plan to evaluate the association of VEPD
with clinical outcomes at the time in which over 90% of
VEPD achieved growth stability based on change in annual
EPC size, presence of a sclerotic margin, and presence of
reactive edema, we present these associations using 3-year

follow-up data. Among patients with at least 1 VEPD at the
3-year follow-up visit, the relative frequency of VEPD at any
vertebral endplate location was higher in the ACD group.
Independent of VEPD frequency, the location of VEPD
tended to be comparable among groups, with the highest
frequencies observed in the central or central-posterior por-
tion of the endplate (Figure 2).

Overall, outcomes at 3 years favored the ACD group for
symptomatic reherniation (14.8% vs 29.5%; P<0.001), reo-
peration (11.0% vs 19.3%; P=0.007), leg pain (21 vs 30;
P<0.01), back pain (23 vs 30; P=0.01), and ODI (18 vs 23;
P=0.02). The frequency of all-cause serious adverse events
was comparable between groups (33.7% vs 36.7%; P=0.47).

In the ACD group, the risk of reoperation was lower in
patients with vs without VEPD (8% vs 24%, p<0.01), but
no other clinical outcomes differed by VEPD prevalence
(Table 1). In the Control group, the risk of symptomatic
reherniation was higher in patients with VEPD (41% vs

Table | Patient-Reported Outcomes at 3 Years by Treatment Group and VEPD Prevalence

Characteristic Annular Closure Control
VEPD No VEPD P-value VEPD No VEPD P-value
ODI improvement 2 |5 points 95% (167/176) 100% (9/9) 0.49 96% (67/70) 95% (91/96) 0.78
Leg pain improvement = 20 points 93% (163/175) 100% (9/9) 0.42 90% (63/70) 97% (93/96) 0.07
Back pain improvement 2 20 points 67% (118/175) 78% (719) 0.72 66% (46/70) 66% (63/96) >0.99
Abbreviations: ODI, Oswestry Disability Index; VEPD, vertebral endplate disruption.
Journal of Pain Research 2020:13 submit your manuscript 671
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Table 2 Patient-Reported Outcomes at 3 Years by Treatment Group and VEPD Area Tertiles
Characteristic Annular Closure Control
Largest Middle Smallest P-value Largest Middle Smallest P-value
ODI improvement 2 |5 points 92% (54/59) 96% (55/57) 94% (34/36) 0.57 100% (7/7) 100% (15/15) 93% (28/30) 0.66
Leg pain improvement 2 20 points 92% (54/59) 96% (55/57) 89% (32/36) 0.34 100% (7/7) 93% (14/15) 80% (24/30) 0.37
Back pain improvement 2 20 points 63% (37/59) 72% (41/57) 64% (23/36) 0.54 43% (3/7) 80% (12/15) 57% (17/30) 0.20

Abbreviations: ODI, Oswestry Disability Index; VEPD, vertebral endplate disruption.

23%, p<0.01); no other outcomes in this group differed by
VEPD prevalence. In the ACD group, clinical outcomes
were comparable across VEPD size tertiles (Table 2;
Figure 3). In the Control group, patients with the largest
VEPD had the highest reoperation rates (Figure 4).

Discussion
VEPD are distinct radiographic findings that are frequently
observed in asymptomatic and symptomatic patients alike.
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Figure 3 Symptomatic reherniation (top) and reoperation (bottom) rate at 3 years
by treatment group and VEPD prevalence.
Abbreviations: ACD, annular closure device; VEPD, vertebral endplate disruption.

Some types of VEPD, such as Schmorl’s nodes, have been
implicated in the development of low back pain.'> While
implantation with an ACD following limited lumbar

p=0.64
07 |

p=0.13

62% !

Symptomatic reherniation (%)

T3 T2 T1 T3 T2
ACD Control
VEPD Status at 3 Years
p=0.37 p=0.02
70 -
I I I I
60 =
= 507 46%
s 407
B
o 30+
[«
8
£ 20+
10 4
0=
T3 T2 T T3 T2 T1
ACD Control
VEPD Status at 3 Years

Figure 4 Symptomatic reherniation (top) and reoperation (bottom) rate at 3 years
by treatment group and VEPD area.

Notes: VEPD area categorized by tertiles where tertile 3 (T3) indicates the largest
tertile, tertile 2 (T2) indicates the middle tertile, and tertile | (TI) indicates the
smallest tertile.

Abbreviations: ACD, annular closure device; VEPD, vertebral endplate disruption.
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discectomy in high-risk patients with large annular defects
increases the risk for VEPD development, the clinical impli-
cations of VEPD have remained unclear. In this study, we
performed an analysis investigating the association of clin-
ical outcomes with VEPD prevalence and size. In each treat-
ment group, VEPD characteristics had no association with
patient-reported outcomes at 3 years follow-up. However,
VEPD may influence recurrence risk, which differs by treat-
ment group. In the ACD group, patients with VEPD had
a lower risk of reoperation in follow-up. In Control patients,
VEPD was associated with higher risk for symptomatic
reherniation and reoperation.

A nonrandomized study of 85 patients undergoing limited
lumbar discectomy with or without additional ACD implanta-
tion reported similar results where VEPD prevalence was
higher in those treated with ACD (52% vs 10%), yet the
reherniation rate was lower with ACD (5% vs 50%)."* Two-
year results from this trial failed to identify clinical correlations
associated with VEPD.® Here, we present 3-year results that
corroborate the findings from prior studies. In this respect, the
current study represents the most comprehensive known ana-
lysis with the longest follow-up of the impact of VEPD follow-
ing lumbar discectomy, with or without ACD implant. While
speculative, it is plausible that the positive clinical results
among patients with VEPD might be attributed to more secure
seating of the occlusion component against the opposing end-
plate, resulting in a subsequent lower risk of reherniation.

Several aspects related to the design of this study may
influence the generalizability of findings to routine clinical
practice. VEPD were assessed with CT scan (Figure 5) and
images were read by an imaging core laboratory. Therefore, it
is unclear how these findings may relate to those observed in
routine clinical practice where x-rays and MRI but not CT
scan are imaging modalities of choice, especially in the post-
operative patient. This was a randomized controlled trial with
a large sample size in which clinical outcomes and CT find-
ings over 3 years follow-up were reviewed by independent
assessors. In this respect, the conclusions derived from this
trial are robust and important potential risks of bias are mini-
mized. Nonetheless, several important limitations of this study
deserve additional clarification. First, while use of CT follow-
up with imaging core laboratory assessments is a study
strength, there is a chance of over-detection since no minimum
VEPD size was specified. That is, VEPD observed on CT
were included in this analysis, regardless of size or whether
they were also detected on MRI. Second, results of this study
are only generalizable to patients undergoing limited lumbar
discectomy with a large post-surgical annular defect, which

Figure 5 Representative VEPD at L4-L5 in sagittal (top panel) and coronal (bottom
panel) views in a patient treated with limited lumbar discectomy and additional
ACD.

Abbreviations: ACD, annular closure device; VEPD, vertebral endplate disruption.

comprises about 30% of discectomy cases.'' Third, VEPD is
a general term that may include erosions, Schmorl’s nodes,
Modic changes types 1 and 2, fractures, or calciﬁcation,1 but
we did not categorize VEPD type in this study. Fourth, we
were unable to differentiate between VEPD occurring due to
surgery versus those occurring postoperatively since the first
postoperative CT scan was performed at the 1-year follow-up
visit. Finally, given the relatively young age of this patient
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population, it will be important to continue with routine
patient follow-up and to report these same associations of
imaging and clinical findings once final 5-year data from
this trial become available.

Conclusion

VEPD had no association with patient-reported outcomes
(leg pain, back pain, ODI) at 3 years after lumbar discect-
omy. VEPD increased the risk of recurrence in patients
treated with lumbar discectomy only, but had no negative
influence in patients treated with the ACD.

Abbreviations

ACD, annular closure device; CT, computed tomography;
MCS, Mental Component Summary; MRI, magnetic reso-
nance imaging; ODI, Oswestry Disability Index, PCS,
Physical Component Summary; VEPD, vertebral endplate
disruption.
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