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Introduction

Multilevel disc herniations are commonly occurring
diseases that affect the quality of life of patients (1). A
portion of disc herniation cases are resolved by spontaneous
resorption, but this “self-healing” phenomenon does
not occur in all patients, and its underlying mechanism
remains poorly understood, particularly in the context
of multilevel herniations (2). Therefore, the means to
accurately identifying the surgical entry point and reducing
unnecessary surgical intervention remains a surgical and
clinical challenge. Double inversion recovery (DIR) is a
pulse sequence that has proven highly effective at detecting
cortical lesions, but its application in the spinal cord has not
been extensively studied (3). Herein, we report an additional
DIR sequence in the spinal cord that led to unexpected
discoveries, which were inconsistent with the clinician’s
initial assessment and led to a change in surgical approach.

Case presentation

Our patient was a 56-year-old man with a 3-week history of
weakness in the right lower limb. This symptom suddenly
progressed after he played badminton and was accompanied
by walking with a dragging step and a band-like sensation
around the chest. The patient had no pain or numbness
of the limbs, no dizziness or blurred vision, no nausea or
vomiting, and no chest tightness or palpitation. He was a
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nonsmoker, and his medical history was characterized by
arterial atherosclerosis, arterial hypertension, and fatty
liver. Three weeks prior to this admission, he underwent an
appendectomy. No allergies were reported, and the results
of standard blood tests were within the normal range.

Physical examination revealed weakness of the right
lower limb with grade IV muscle strength, normal
peripheral pulses, and normal sensibility. Bilateral Achilles
tendon and knee tendon reflexes were active (right > left),
which suggested that tendon reflexes were pathologically
increased in the right lower limbs. The Babinski reflex,
straight leg elevation test, and strengthening test of the
right lower limb were positive. The muscle strength and
tension of both upper limbs and left lower limbs were
normal.

Given the clinical suspicion of spinal cord disorder,
the patient was ordered to undergo electromyography
and magnetic resonance imaging (MRI) of the spinal
cord. Electromyography indicated that the right common
peroneal nerve had been damaged, with accompanying
chronic neurogenic lesions. According to our clinical
experience, damage to the common peroneal nerve is
invariably related to foot drop and varus, but our patient
did not have these symptoms. The principal physician
believed the electromyogram findings in this patient to
have no specificity or clinical significance. MRI data were
obtained on a 3-T MRI scanner (M750w, GE HealthCare,
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Figure 1 Sagittal imaging of the spine. (A) Sagittal TIWI. (B) Sagittal T2WI. (C) Sagittal T2WI with fat-saturated series. (D) DIR. Spine

magnetic resonance imaging revealed multilevel disc herniation, the DIR sequence showed abnormal signals at the posterior cord of the

second thoracic vertebra to the third thoracic vertebra (T2-3) (long red arrow). TIWI, T1-weighted image; T2WI, T2-weighted image;

DIR, double inversion recovery.

Chicago, IL, USA) with a 32-channel phased-array
head coil. Spinal MRI displayed images compatible with
multilevel disc herniation, extending from the third cervical
vertebra to the seventh cervical vertebra (C3—C7), the first
thoracic vertebra to the third thoracic vertebra (T'1-3),
and the second lumbar vertebra to the first sacral vertebra
(L2-S1), which seriously indented the posterior cord of
C3-7 vertebrae and the second thoracic vertebra to the
third thoracic vertebra (T2-3) (Figure I). Sagittal T2-
weighted image (T2WI) showed a patchy, slightly high
signal within the spinal cord at the T2-3 level (Figure 1B),
which was more evident on fat-suppressed T2WI
(Figure 1C). To visualize the lesion of the spinal cord clearly,
we added an additional DIR sequence with the following
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parameters: long inversion time =2,894 ms, short inversion
time =547 ms, repetition time =7,000 ms, echo time =90 ms,
frequency field of view (FOV) =256 mm x 256 mm, phase
FOV =95%, matrix of reconstruction =192x192, pixel size
=1.3x1.3 mm’, slice thickness =1.3 mm, slice number =512,
and time =592 s. The most striking finding of the DIR
sequence was the abnormal signal at the posterior cord of
the T2-3 vertebrae (Figure 1, red arrow), which was close to
the area of the ligamentum flavum thickening, although the
spinal canal stenosis was slightly more severe in the cervical
vertebrae than in the thoracic vertebrae in the axial images
(Figure 2, red circle).

Considering the degree of spinal stenosis, the surgeon
surmised that the fourth cervical vertebra to the fifth
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Figure 2 Comparison of the degree of spinal stenosis. (A) Sagittal and axial T2WT in the level of the fourth cervical vertebra to the fifth
cervical vertebra (C4-5). (B) Sagittal and axial T2WT in the level of the fifth cervical vertebra to the sixth cervical vertebra (C5-6). (C)

Sagittal and axial T2WT in the level of the second thoracic vertebra to the third thoracic vertebra (T2-3). Spine magnetic resonance imaging

revealed multilevel disc herniation. Axial views at the level of the spinal canal at multiple segments are listed to compare their degree of

stenosis (red circles). We found the spinal canal stenosis was more severe in the cervical vertebrae than in the thoracic vertebrae. T2WI, T2-

weighted image.

cervical vertebra (C4-5) and the fifth cervical vertebra
to the sixth cervical vertebra (C5-6) were the best entry
points for surgery. However, we believed that most of
the patient’s clinical symptoms were caused by thoracic
pulp compression based on the results of DIR. Thus, we
suggested that the clinician perform a surgery of the T2-3
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vertebrae and ligamentum flavum. After comprehensive
evaluation, the surgeon decided to perform a posterior
thoracic laminectomy decompression on the patient.
Intraoperatively, the intervertebral disc at the T2-3 level
was found to protrude into the spinal canal, the posterior
ligamentum flavum was thickened, and the dural sac
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Figure 3 Postoperative image of magnetic resonance imaging. (A) Sagittal double inversion recovery. (B) Sagittal T2WI. (C) Sagittal and

axial T2WI in the level of the second thoracic vertebra to the third thoracic vertebra (T2-3). Magnetic resonance imaging performed

3 months postoperatively showed no obvious spinal cord abnormalities. T2WI, T2-weighted image.

was compressed. Subsequently, an incision was made in
the middle of the lower back, and surgical instruments
were used to remove the spinous processes, lamina, and
ligamentum flavum to provide extra space for alleviating
pressure. Postoperatively, the patient’s muscle strength
of the right lower limb gradually improved, with a
muscle strength of grade V. MRI performed 3 months
postoperatively showed no obvious cord abnormalities
(Figure 3).

All procedures performed in this study were in
accordance with the ethical standards of the institutional
research committee and with the Helsinki Declaration
(as revised in 2013). Written informed consent was
obtained from the patient for publication of this article
and accompanying images. A copy of the written consent is
available for review by the editorial office of this journal.

Discussion

In this case, an additional DIR sequence in the spinal cord
revealed unexpected discoveries, which was inconsistent
with the clinician’s initial assessment, and ultimately led to a
change in the surgical approach.

DIR, which has gained increasing attention over the
past 10 years, is a combination of two inversion pulses
with two different inversion times designed to suppress
signals from the white matter and cerebrospinal fluid (4).
The underlying mechanism of DIR involves producing
prominent gray-matter contrast with high spatial resolution
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and improving the sensitivity and contrast in delineating
white-matter signal abnormalities (5). Several studies have
shown that this sequence is highly sensitive to inflammatory
demyelinating lesions, especially cerebral cortical lesions in
multiple sclerosis (MS) (6,7). Therefore, previous clinical
application of the DIR sequence has been mostly limited
to the detection of MS lesions, particularly intracranial and
intracortical lesions.

It is often assumed that the clinical symptoms of disc
herniation are caused by compression on the nerve root,
which is attributed to simple mechanical involvement.
However, the symptoms are typically complex, which is
attributed to both chemical and mechanical factors (8).
There is some experimental evidence suggesting that the
nucleus pulposus in the inner part of a disc has been shown
to induce an inflammatory-like reaction in the nerve root
after the annulus fibrosus is torn (9). Other significant
findings also indicate that disc herniation is highly associated
with inflammation in the context of pain generation (10,11).
As a chemical effect, the inflammatory process has been
confirmed to be critical in the development of degenerative
spondylopathy (12).

The diagnosis and treatment of disc herniation are
relatively mature in modern medical care, given that
accurate evaluation of the spinal cord and spinal canal
is crucial for diagnosis and prognosis. The conventional
sequences of the spinal cord are the sagittal T1-weighted
(T1W), sagittal T2W, axial T2W, fluid-attenuated
inversion recovery (FLAIR), and T2W with fat-saturated
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series. Typically, we evaluate the stenosis of the spinal canal
and compression of the spinal cord in patients with disc
herniation via sagittal and axial T2W images to assist the
surgeon in identifying the optimal location for surgical
entry.

To the best of our knowledge, DIR is rarely used
in routine spinal imaging. Although DIR is not a new
technique, MRI of the spinal cord is still challenging,
because of the small size of the spinal cord and its artifacts
caused by deglutition, respiration, and cardiac pulsation (13).
Recently, some scholars have found that even for spinal
cord lesions, the DIR sequence is superior to routinely
used sequences, as it can demonstrate a greater number
of lesions, particularly in the cervical cord (14). Thus, an
analogous DIR sequence for spinal cord imaging should
be developed and efficiently used in clinical practice and
research.

In our case, the conventional sequences revealed that
the spinal canal stenosis was more severe in the cervical
vertebrae than in the thoracic vertebrae, but the DIR
sequence only showed the abnormal signal at the posterior
cord of the T2-3 vertebrae, which was close to the area of
ligamentum flavum thickening. Based on our experience
with DIR’s high sensitivity in displaying inflammatory
demyelinating lesions, we considered that most of the
patient’s clinical symptoms were caused by thoracic pulp
compression, and choosing the T2-3 level as a surgical
entry point could reduce unnecessary surgical intervention
for this patient. The final result of the operation also
supported our hypothesis.

The limitations of the DIR sequence include a longer
scanning time; thus, more effort should be invested to
optimize the applicability of DIR as a diagnostic modality
in clinical practice. However, we deem that a DIR sequence
for spinal cord imaging would be more sensitive than would
a conventional sequence, which clinicians should be aware
of and apply in a rational manner.

In the case reported here, we refer to the application
and advantages of the DIR sequence in spinal cord
imaging, which provides a new direction for the diagnosis
and precision therapy of multilevel disc herniation.
Furthermore, wider use of the DIR sequence is anticipated
in clinical settings to assist in selecting the surgical entry
point of disc herniation.
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