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ABSTRACT
A 61-year-old man presented with an excruciating pain in the right lower extremity. The pain
was aggravated by a short distance walk and lateral bending to the right. These symptoms implied
right L4 radicular pain. Magnetic resonance images revealed foraminal disc herniation at the
right L4-5 level. After failure of conservative treatment, the patient underwent surgery via the
paraspinal transpars approach. Following exposure of the right lateral edge of the .4 lamina, we
partially resected a part of the pars interarticularis in accordance with the preoperative simulation
using a 3-dimensional printed bone model. Fragmented discs compressing the dorsal root ganglion
of L4 nerve root were totally removed. Postoperative computed tomography showed complete
preservation of the facet. The patient showed remarkable relief from the pain and returned to
his job a week after the surgery. Foraminal disc herniations cause fierce leg pain and are often
intractable to conservative treatment. Selection of the surgical approach is often a matter of debate.
The paraspinal transpars approach was effective and a less invasive surgical method in that it
can preserve the facet joint. A three-dimensional printed bone model was useful in determining

the minimal resection range of the pars interarticularis.
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Lateral lumbar disc herniations are defined as
disc herniations outside of the spinal canal and
are further classified into 2 subtypes: foraminal
disc herniations (FDH) and extraforaminal disc
herniations?6.919,

FDHs are the ones confined within an area be-
tween the medial and lateral borders of the upper
adjacent pedicle. They account for 3-5% of all herni-
ated lumbar discs requiring surgery'%'V. The dorsal
root ganglion of exiting nerve root is prone to of-
fence by FDHs and patients frequently present
with severe leg pain. This excruciating pain is often
resistant to conservative treatments and may influ-
ence not only the patients’ daily activities but also
their sleep?*'9. There is no general consensus re-
garding imaging diagnosis and optimal surgical
approach for FDHs as the lesion is small and hidden
behind important bony structures, viz pedicles and
the facet joint'®. We report a case of FDH success-
fully treated via the facet-preserving transpars
approach and discuss the imaging diagnosis and

surgical strategy for this lesion.
CASE REPORT

A 61-year-old man presented with severe pain
in the right lower extremity. Even a short distance
walk provoked agonizing pain. The pain radiated
from lateral thigh to medial shin and was aggra-
vated by lateral bending to the affected side. These
physical findings strongly suggested right 1.4 radic-
ulopathy. Sagittal T2-weighted MR images revealed
no culpable lesion in the spinal canal but a defect
in a high-intensity signal area corresponding to the
fat tissue in the right L.4-5 intervertebral foramen
(Fig. 1). Coronal section of fat-suppressed T1-
weighted MR image after Gd-DTPA administration
revealed a hypo-intensity signal defect within the
enhanced foramen (Fig. 2). These findings implied
FDH compressing the right 1.4 nerve root. Conser-
vative treatment with analgesics, steroids, and
nerve root block did not effectively relieve his severe
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Fig. 1. Preoperative midsagittal T2-weighted magnetic resonance (MR)
images revealed no culpable lesion in the spinal canal (A). Parasagittal
sections at Li4-5 intervertebral foramen revealed a less prominent high
intensity signal area corresponding to the fat tissue on the right (B, white

arrow) compared with the left (C).

Fig. 2. Axial (A) and coronal (B) sections of post-contrast fat-suppression
T1-weighted magnetic resonance image showing a defect in the signal
intensity amidst the enhanced area within the foramen (white arrows).
These findings suggested foraminal disc herniation.

pain. The pain rendered the patient sleepless and
absent from his job compelling him to undergo sur-
gery. To preserve the facet joint, we simulated the
minimal range of resection of the pars interarticu-
laris (the pars, in short) on a 3-dimensional (3D)
printed lumbar spine model generated from CT
images of the patient (Fig. 3A).

With the patient in a prone position, the right
side of the .4 lamina was exposed via the paraspi-
nal intermuscular approach. The lateral edge of the
pars was resected in accordance with the preoper-
ative simulation. After removing the ligamentum
flavum, we confirmed the fragmented discs dorsal
to the dorsal root ganglion of L4 nerve root. Remov-
al of these fragments achieved adequate decom-

pression of the nerve root.

The patient’s lower limb pain dramatically sub-
sided immediately following the surgery and he
returned to his job a week after surgery. A postop-
erative 3D-CT image revealed complete preserva-
tion of the facet joint (Fig. 3B).

DISCUSSION

Magnetic resonance imaging of foraminal disc
herniation

Before the advent of MR imaging, the interver-
tebral foramen was described as “the hidden zone”
because this area is out of the reach of the contrast
media in myelography!®. MR images have enabled
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Fig. 3

A: A photograph of a 3-dimensional (3D) printed lumbar spine model
generated from CT images of the patient. The circle shows the location
of foraminal disc herniation. Shaded area indicates simulated minimal
range of resection of the pars interarticularis.

B: Postoperative 3D computed tomography image confirmed the part of
pars interarticularis removed in accordance with the preoperative
planning (black arrow). Note the facet joint is completely preserved (white

arrow).

visualization of this hidden zone. The difference in
signal intensity between the nerve root and the sur-
rounding fat tissue on MR image is useful to detect
intraforaminal lesions: the nerve root is depicted
as a low intensity signal and the fat as a high inten-
sity signal on both T1- and T2-weighted images.
When a disc herniation is present in the foramen,
the circle of fat tissue enclosing the nerve is incom-
plete or distorted*'®. A post-contrast MR image
showing enhancement of the venous plexus around
the nerve root might be advantageous for detecting
small lesions®. In the present case, a post contrast
image showed herniated disc as a defect in the sig-
nal intensity amidst the enhanced area within the
foramen.

Surgical treatment of foraminal disc herniation
in the lumbar spine

Various surgical approaches and their modifica-
tions have been advocated for the treatment of later-
al lumbar disc herniations?+!. The most familiar
procedure is a midline approach with hemilami-
nectomy and medial facetectomy. However, it only
provides access to the proximal foraminal region.
Total facetectomy with partial laminectomy tech-
nique provides maximal exposure, not only of the
inside but also the outside of the intervertebral fora-
men. Mandatory subsequent spinal fixation demands
careful selection from the cases, like a large disc
hernia bridging over intra- and extra- canalicular
spaces. As to a FDH like our case, the transpars
approach is a good choice because of its lesser in-
vasiveness to the facet joint. In this approach,
paraspinal intermuscular exposure of the lamina
is followed by partial resection of the lateral margin

of the pars. Resection of lateral 1/3 to 1/4 of the
pars exposes intraforaminal lesion and enables
near total preservation of the interior facet!2?.
Delayed fracture of remaining lamina is a possible
consequence of this approach. Ivanov et al. exam-
ined stress distribution after partial resection of the
pars by the finite element method and concluded
that resection of a lateral 1/4 of the pars has mini-
mal influence on the durability of the remaining
vertebral arch?®. In the present case, a postoperative
3D CT image showed that the extent of the resec-
tion exceeded laterally one fourth of the pars. Close
follow-up is mandatory even if the patient has not
shown any evidence of delayed spinal fracture so
far.

Utility of 3-dimensional printed bone model in
preoperative simulation

Recent articles have reported the usefulness of a
3D printed bone model for preoperative simulation
in complicated spinal cases. Yang et al reported the
positive effect of preoperative simulation on a 3D
printed model in adolescent scoliosis surgery. They
achieved reduction of many parameters such as
operative time, the volume of blood loss, and the
number of screw misplacements”?. Although the
surgery for foraminal disc herniation is not as com-
plicated as surgery for scoliosis, the bone model was
also useful in the present case. The main motive of
patients in opting for surgery was prompt resump-
tion of work. We determined the minimal range of
resection of the pars from MR images and a 3D
bone model. Resection of the pars in accordance
with the simulation precisely exposed migrated
fragmented discs over the nerve root verifying the
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effectiveness of this planning. Less invasive surgery
and complete preservation of the facet joint con-
tributed to the patient’s early return to the job.

CONCLUSION

The authors report a case of foraminal disc her-
niation. Although selection of surgical approach is
often a matter of debate for this relatively rare type
of disc herniation, the paraspinal transpars ap-
proach is an effective and less invasive surgical
method. A three-dimensional printed bone model
was useful in determining minimal resection range
of the pars interarticularis.
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