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Background: Percutaneous vertebroplasty (PVP) is commonly used to treat symptomatic vertebral
compression fractures. However, its long-term effectiveness and safety for use in the treatment of
symptomatic Schmorl’s nodes (SNs) refractory to conservative treatment is uncertain.

Objectives: To present a case series with PVP for symptomatic SNs not responding to conservative
therapy and assess the effectiveness and safety for such treatment with long-term follow-up. To
present a review of the literature regarding SNs and treatment options.

Study Design: Single center retrospective observational study.
Setting: This study consists of patients from a large academic center in China.

Methods: Between January 2008 and December 2013, 11 patients suffering from symptomatic
SNs that were refractory to medical or physical therapy, underwent PVP procedures in our
department. All patients had a definitive diagnosis of SNs by magnetic resonance imaging (MRI)
and computed tomography (CT). The visual analog scale (VAS) was assessed preoperatively at
4 hours, at one month, and every 6 months postoperatively during the long-term (mean: 58.0
months) follow-up period.

Results: Each of the 11 patients reported an immediate and distinct relief of their back pain. No
one reported a worsening of symptoms. The VAS decreased from an average preprocedural score
of 7.9 to a postprocedural score of 2.1 at 4 hours. The VAS averaged 1.8 during the mean follow-
up period of 58.0 (range 24.1 to 98.9) months. There were no postoperative complications during
the follow-up period. At the end of the follow-up period, all 11 patients were unrestricted in their
activities.

Limitations: This study is a retrospective study with a small sample size.

Conclusions: PVP is an effective and safe procedure for the treatment of symptomatic SNs,
which are refractory to medical or physical therapy.

Key words: Percutaneous vertebroplasty, symptomatic Schmorl’s nodes, vertebral endplate
fracture, endplate osteonecrosis, Modic changes
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n 1927, Christian Georg Schmorl first described
a specific type of vertebral lesion which became
known as a Schmorl's node (SN) (1). SNs are
herniation of the nucleus pulposus (NP) through the
cartilaginous and bony endplate into the adjacent
vertebral body (2). The reported prevalence of SNs

ranges from 38% to as high as 79% in cadaver studies
(3,4). SNs are often asymptomatic, incidental findings
on magnetic resonance images (MRI) (5). However, SNs
can be symptomatic, becoming a source of chronic
low back pain (6). If the SN is painful, symptoms may
resolve spontaneously, or may respond to medical and
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physical management (5). Percutaneous vertebroplasty
(PVP), a minimally invasive surgery, has been reported
to be an effective treatment for symptomatic SNs not
responding to conservative therapy (7,8). Nevertheless,
the long-term effectiveness and safety of PVP in
treatment of symptomatic SNs has been unclear thus
far.

In this report, we present a case series of patients
who underwent PVP procedures for the treatment
of symptomatic SNs and assess the effectiveness and
safety of PVP over a long-term follow-up period. In
addition, we review the literature regarding SNs and
their treatment options.

METHODS

This retrospective study was approved by the ethi-
cal review committee of our institution. From January
2007 to December 2013, 819 patients underwent PVP
procedures in our department for the treatment of
back pain that did not respond to medical manage-
ment and physical therapy. Among these 819 patients,
11 patients were diagnosed with symptomatic SNs via
computed tomography (CT) scans and MRI. A CT scan
was performed to identify the main cause of pain. An
MRI examination was performed to determine wheth-
er the back pain was the result of symptomatic SNs or
other vertebral body abnormalities. The 11 patients all
presented with back pain of at least 6 weeks duration
that was refractory to conservative therapy, including
analgesics, bed rest, bracing, and physical therapy.

PVP Procedure

All PVP procedures were performed under local
anesthesia using 2% lidocaine. The procedure was per-
formed using a unilateral transpedicle approach with
a Murphy set (Cook, Inc., Bloomington, Indiana, USA)
under fluoroscopic guidance with a C-arm angiograph-
ic unit (Innova 3100, GE Healthcare System or FD 20,
Philips Medical) by interventional radiologists (Gao-Jun
Teng or Shi-Cheng He). The volume of cement [a mix-
ture containing 70% polymethylmethacrylate (PMMA)
(Corinplast TM3, Corininc, Gloucestershire, United
Kingdom) and 30% sterilized barium powder (Dong-
feng Chemical Inc., Qingdao, China)] varied according
to the SN location (3 — 5 mL per thoracic vertebrae and
4 — 6 mL per lumbar vertebrae). As long as the patient
could tolerate the operation, multiple vertebral levels
were treated during a single session. A CT scan was
performed on all patients within 3 days after the op-
eration to observe the distribution of the PMMA.

Data Collection

The visual analog scale (VAS) was administered to
all 11 patients preoperatively and postoperatively at 4
hours, one month, and then every 6 months during the
follow-up period. After the PVP procedure, all of the
patients underwent CT and MRI examinations at one
and 6 months and then every 6 months thereafter. The
patients were instructed to return to our hospital for
an evaluation if they developed any new symptoms
or injuries, such as a new vertebral fracture, the recur-
rence of back pain, or any spinal cord compression
symptoms that might be related to the procedure. The
final follow-up date was September 1, 2015. All statisti-
cal analyses were performed using the PASW Statistics
software (Version 18.0, IBM Corporation, Somers, NY,
USA).

REsuLTs

Five men and 6 women with a mean age of 65.3
years (range 36 to 87) were included in this study. The
detailed information about the 11 patients is shown in
Table 1. All 11 patients were diagnosed via CT and MRI.
Preoperatively, the back pain was confirmed to result
from symptomatic SNs. The procedures were performed
successfully under the guidance of a C-arm angiograph-
ic unit in all patients. No complications, such as cement
leakage, pulmonary embolism, spinal cord injury, or
nerve root injury, were observed. All patients reported
obvious improvement in their back pain 4 hours after
the procedure. The average VAS score decreased from
7.9, preoperation to 2.1, 4 hours post PVP. During the
mean time of 58.0 months’ (range 24.1 to 98.9 months)
follow-up, the patients’ VAS average remained at ap-
proximately 1.8, and no complications, including new
vertebral fractures, recurrence of back pain, or spinal
cord compression symptoms, were observed. All 11 pa-
tients had unrestricted activity at the end of the follow-
up period.

Case Presentation

A 36-year-old man was referred to our department
due to low back pain for 6 months. He had injured his
waist 5 years ago and was treated with conservative
measures (without a detailed hospital examination). He
gradually recovered from the back pain. Six months pri-
or to our examination, the patient’s back pain recurred
and became progressively worse. He was diagnosed
with acute SNs at L4-5 via MRl and CT (Fig. 1). He under-
went rami communicans nerve block but experienced
little benefit. We successfully performed a PVP with a
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Table 1. Clinical data.

VAS VAS VAS
. VAS VAS
. Operation VAS One 12 last Follow-up
Case | Gender | Age | Location . . 4 hours 6 month
time Preoperation month month | follow- | (months)
after after
after after up
1 M 36 L4/L5 2011-02-11 9 1 1 1 1 1 55.4
2 F 58 T12 2009-02-18 7 2 2 2 2 2 79.5
3 F 65 T11/T12 2011-07-22 8 3 3 3 3 3 50.1
4 M 87 L2 2012-01-30 8 2 1 1 1 1 43.7
5 I 60 L1 2007-07-17 8 4 4 4 4 4 98.9
6 F 86 L2/L3 2010-04-13 7 3 3 3 3 3 65.6
7 F 65 | T10/T12/L1 | 2010-04-15 8 1 0 0 0 0 65.5
8 M 78 L3 2010-09-23 8 2 2 2 2 2 60.1
9 I 70 T9 2010-12-02 8 1 0 0 0 0 57.8
10 M 51 T12 2013-09-09 8 3 3 3 3 3 24.1
11 M 62 T12 2012-08-24 8 1 1 1 1 1 36.8

VAS = visual analog scale, M = male, F = female

unilateral puncture. The volume of the injected PMMA
was 5 mL at L4 and 4 mL in L5. No cement leaks occurred
within the intervertebral discs (Figs. 2 — 3). The VAS of
the patient was 9 preoperation and improved to 3 when
he was reassessed 4 hours after the PVP. The improve-
ment in the pain was sustained, and he experienced no
complications during the 55.4 months of follow-up. At
the last follow-up evaluation, the patient was satisfied
with the procedure results and was able to perform all
normal daily activities.

Discussion

SNs were first described in 1927 by Christian Georg
Schmorl as a herniation of the nucleus pulposus through
the cartilaginous and bony endplate into the body of
the adjacent vertebra (1,2). Until now, the pathophysiol-
ogy of SNs was still uncertain and under debate. Abnor-
malities of the vertebral blood vessels during develop-
ment is the most convincing and classical theory (9,10).
The persistence of abnormal vascular channels could
weaken the endplate and allow the nucleus pulposus to
herniate into the vertebra (9). SNs are common in nor-
mal individuals and are often asymptomatic, incidental
findings via MRI (5). However, prior epidemiological
studies have revealed that patients with SNs may have a
higher incidence of low back pain compared to the nor-
mal population (11). Symptomatic SNs can lead to axial
back pain or even cause significant radicular pain if the
node extravasates into the spinal canal and neural fora-
men (12). Moreover, Hansson et al (13) suggested that
SNs may represent an early stage of endplate fracture.

The symptoms associated with some SNs may
be due to inflammatory changes around the herni-
ated nucleus pulposus of the diseased vertebra (14).
Hamanishi et al (15) evaluated the lumbar spine MRI
examinations of 400 patients with low back pain and
a control group of 106 patients. The presence of SNs
was more frequent in the symptomatic group (19%)
compared to the asymptomatic group (9%). Williams
et al (16) demonstrated on MRI that vertebral body
marrow changes adjacent to symptomatic SNs, were T1
dark and T2 bright. This finding is most consistent with
edematous/inflammatory marrow changes adjacent
to symptomatic SNs. Thus, an MRI is the gold standard
imaging technique to detect symptomatic SNs (6). In
our study, each patient was diagnosed with an acute
SN via MRI.

Several therapeutic options are available to treat
symptomatic SNs, such as PVP, fusion, and conservative
treatment. Previous prospective randomized trials have
already proven that PVP is a useful and effective ap-
proach to treat vertebral compression fractures (17,18).
In our literature review (using PubMed search in Octo-
ber 2015), only one clinical study and one case report
focused on the effectiveness of PVP for the treatment
of back pain associated with a symptomatic vertebral
body SN (7,8). Masala et al (7) conducted a clinical study
that included 23 patients. The patients were treated
with PVP for symptomatic SNs that were unresponsive
to medical management and physical therapy. In this
study, 18 patients reported improved back pain 4 hours
after PVP, and 5 patients reported unchanged back
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Fig. 1. Sagittal (A) and coronal (B) CT images of the lumbar spine demonstrate a large L4 inferior endplate Schmorl’s node
with surrounding sclerosis and a smaller superior transitional L5 endplate Schmorl’s node also demonstrating surrounding
sclerosis. Sagittal T2 weighted (C) and fat suppressed T2 weighted MRI (D) demonstrate increased signal intensity in L4
and L5 vertebral bodies bone marrow surrounding the node. The MRIs show cortical disruption of L4 inferior endplate and L5
superior endplate, which is shown on the CT scan. Also, the L4-5 intervertebral disc is desiccated and narrowed on both the CT
and MRI. Technical reasons lead to the susceptibility artifact on fat suppressed T2 weighted MRI (D).

pain. No patient reported a worsening of symptoms. long-term outcomes after the PVP procedure. In addi-
The VAS score decreased from 8.4 to 2.3. However, this  tion, the long-term complications related to the proce-
study was limited in that the follow-up period was not  dure were not reported. In our study, the patients com-
clearly defined, and the investigators did not report the  pleted a long-term follow-up with a mean time of 58.0
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Fig. 2. Lateral (A) and AP (B) fluoroscopic postprocedural images demonstrate PMM A filling the superior L4 vertebral body
surrounding the Schmorl’s node. PMMA nearly fills the transitional L5 vertebral body. No evidence of extravasation into the
Schmorl’s node or disc space. However, there is vascular extravasation seen on the left at L4.

months. We determined that PVP can achieve sustained
pain reduction for patients with symptomatic SNs, and
we observed no complications during the follow-up.
The injected PMMA distributed either within the
edematous rim of marrow adjacent to the Schmorl’s
node or near completely filled the vertebral body (19).
There was no cement leakage into the disc. Masala et
al (7) hypothesized that the lack of disc leakage may be
due to increased pressure from the herniated disc or
due to the presence of marginal peridiscal bone scle-
rosis caused by adjacent boney trabecular impaction
occurring with the intravertebral body disc herniation.
Additionally, there are a few other methods of
treatment for symptomatic SNs. Fusion was first re-
ported by Peng et al (20) to be efficacious in alleviating
severe lower back pain due to SNs. Clinicians recom-
mended that patients with SNs and chronic low back
pain, especially young patients who present with MRI
findings suggestive of advanced disc degeneration,

should undergo fusion of the involved segment (21).
However, compared to PVP, fusion surgery inflicts more
trauma, and the patient requires a longer recovery pe-
riod. Additionally, the patient will incur a higher treat-
ment cost. Other methods, such as a rami communicans
nerve block, medical treatment, and physical therapy,
can also reduce the back pain caused by symptomatic
SNs (22,23). We strongly suggest PVP to reduce pain if
the patient does not respond to other treatments, as
illustrated in the case presentation.

This study has some limitations. First, this study was
performed retrospectively which has less creditability
than a prospective study. Additional prospective studies
are needed to assess the effectiveness and safety of the
PVP procedure. Second, there were only 11 patients in
this study. Study results based on a small sample size may
not be convincing. Third, only patients who underwent
PVP were included in our study; no control or alternative
treatment, such as fusion, groups were assessed.
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Fig. 3. Sagittal (A) and coronal (B) postprocedural CT images demonstrate PMMA filling the superior L4 vertebral body and
the majority of the transitional L5 vertebral body without extravasation into the Schmorl’s nodes, or disc space. There is a small
amount of cement extravasation into the spinal canal (ligamenta longitudinale posterius) at L5. Axial (C) CT image through
this area shows that there is no significant impingement on the thecal sac or nerve roots.

ConcLusIOnS

In conclusion, our study demonstrated that pa-
tients suffering from symptomatic SNs, who were not
relieved by conservative therapy (analgesics, bed rest,
and bracing) may benefit from PVP. There were no

complications and the improvement in patient pain
continued throughout the long-term follow-up. Future
prospective studies are needed to further assess the ef-
fectiveness of PVP in the treatment of symptomatic SNs.
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