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Background: Intradural disc herniation (IDH) is a rare type of disc degeneration that 
infrequently affects the upper lumbar spine. Pre- and intraoperative diagnosis and surgical 
management of IDH are challenging. The present case study provides insight into these 
aspects of upper lumbar IDH and discusses possible mechanisms.
Case Description: A 63-year-old female with a history of chronic lower back and leg pain 
presented with an acute lumbar sprain that had occurred 1 month prior. The pain progressed 
and spread to the front of the left thigh, which affected her ability to lift her leg when 
ascending/descending stairs. Sagittal gadolinium-enhanced magnetic resonance imaging 
(MRI) revealed a disc protruding into the ventral dural sac showing a hawk-beak sign, and 
the posterior edge of the disc annulus and local posterior longitudinal ligament was broken. 
Total L2 laminectomy was performed, and the dorsal side of the dural sac was exposed and 
incised to enable exploration of the ventral side of the dura. We found two free fragments 
protruding into the inner wall of the dura through the left ventral dura mater defect. After 
carefully and completely removing the mass, we repaired the defect and performed internal 
fixation. Postoperative pathologic analysis confirmed that the mass was nucleus pulposus 
tissue from the degenerated disc. The patient’s pain significantly improved after surgery, and 
she was able to walk normally at the 1-month follow-up.
Conclusion: Upper lumbar IDH is an extremely rare type of disc degeneration. An 
enhanced MRI scan can provide diagnostic evidence, but the final diagnosis requires surgical 
exploration of the path of herniation and pathologic examination of the mass lesion.
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Introduction
Lumbar disc herniation is one of the most common causes of acute or chronic lower 
back pain.1 Lumbar intradural disc herniation (IDH) is a rare type of disc degen-
eration accounting for 0.04–0.33% of all disc herniations.2 IDH affects the upper 
lumbar (L1/2/3/4) less frequently than the lower lumbar (L4/5 and L5/S1).3–5 

Patients with chronic lower back pain often have upper lumbar IDH caused by 
acute lumbar sprain from heavy manual work.6,7 Preoperative radiographic findings 
can be misinterpreted as intradural tumors, cysts, or metastases,8 making definitive 
preoperative diagnoses difficult.5 Most cases rely on surgery for the final diagnosis, 
but surgical management of IDH—especially in the upper lumbar region—is also 
challenging, with a high risk of nerve injury.9 This case study describes the clinical 
diagnosis and surgical treatment of a patient with L2/3 upper lumbar IDH and 
discusses possible pathogenic mechanisms. The case is reported in accordance with 
SCARE criteria.10
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Case Description
A 63-year-old female with a history of chronic lower back and 
leg pain presented at our outpatient clinic with an acute 
lumbar sprain that had occurred 1 month prior. The patient 
described progressive lumbar pain radiating to the front of the 
left thigh that necessitated the use of crutches for walking and 
ascending/descending stairs. Prior to coming to our clinic, the 
patient had no pain relief with nonsteroidal anti-inflammatory 
drugs. There was no family history and no bladder or bowel 
symptoms. Neither physical therapy nor epidural steroid 
injections relieved the pain (visual analog scale score of 8 
on a scale of 0 to 10). Neurologic examination revealed 
decreased pinprick sensation on the anterior aspect of the 
left thigh. The left-side femoral nerve stretch test was positive. 
Her knee jerk reflex was decreased in the left lower extremity. 
Muscle testing revealed reduced iliopsoas muscle strength.

A lateral lumbar spine X-ray revealed lumbar degenera-
tion and osteophyte hyperplasia at the edge of vertebral body. 
Dynamic lumbar spine X-ray indicated instability between 
the L2 and L3 segments (Figure 1A). Sagittal T1- and T2- 
weighted magnetic resonance imaging (MRI) showed rupture 
of the posterior disc fibrous annulus and loss of continuity of 
the posterior longitudinal ligament (PLL) at the L2/3 level 
(Figure 2A and B). Sagittal gadolinium-enhanced MRI 
showed large disc protrusion into the ventral dural sac, 

which appeared as a hawk-beak sign (Figure 2C). The 
same was observed on axial MRI in which the PLL appeared 
torn in the left posterior direction, with a large mass squeez-
ing the dura mater (Figure 3A). It also showed peripheral ring 
enhancement of the sequestered herniated disc (Figure 3B).

IDH was highly suspected but the possibility of tumor/ 
cyst could not be ruled out; therefore, prompt surgical inter-
vention was critical. The operation was jointly performed by 
experienced senior orthopedic surgeons (S.-S.H., H.-J.N., 
and J.C.) and neurosurgeons (X.-Z.C. and F.X.). 
Intraoperative durotomy was selected to fully examine the 
lesion and reduce the risk of postoperative dural tearing or 
nerve injury. Under general anesthesia, we made a posterior 
midline incision and performed total decompressive lami-
nectomy at the L2 segment. With the aid of a surgical micro-
scope, we carefully detached and resected the ligamentum 
flavum to uncover the dura mater in the spinal canal. The 
dura was swollen, hard, and immobile. A close inspection of 
the extradural space from the left side did not reveal any free 
protrusions, but the ventral dural sac was tightly adhered to 
the PLL. We performed durotomy according to the preopera-
tive plan, and nerve rootlets were squeezed out of the dorsal 
dural incision (Figure 4A). After identifying the nerve struc-
ture, the cauda equina nerve was gently pulled to the right 
side. From the left dorsolateral view, we observed a smooth 

Figure 1 Preoperative radiographs showing lumbar degeneration and instability between the L2/3 segments (A, white arrow) and internal fixation to stabilize the local 
intervertebral space (B).
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surface with hard fragments lodged in the inner wall of the 
ventral dura (Figure 4B). After extirpating two free frag-
ments with sizes of approximately 1.7×0.8×0.4 and 
1.0×0.5×0.4 cm3 (Figure 4D), the cauda equina nerve relaxed 
and the dura mater slackened. We found a thinned round 
defect (~8 mm in diameter) within the ventral dura (Figure 
4C). From the left ventrolateral field of view, we found that 
the defect adhered to the PLL and was difficult to move. No 
free or sequestered fragments were found on the other sides 
of the intradural extra-arachnoid space. The ventral defect 
was repaired using a dura-allograft, and the dorsal dura was 
closed with continuous sutures. Internal fixation was used to 
stabilize the local intervertebral space (Figure 1B).

Histopathologic examination of the extruded disc-like 
material at 50× and 100× magnification revealed that the 
mass contained degenerated fibrocartilage, nucleus pulposus 
tissue, and hyperplastic inflammatory granulation tissue 
(Figure 5A–C). The patient’s pain was significantly alle-
viated after 2 weeks of following postoperative instructions 
regarding incision care, pain medication, and rehabilitation. 
There were no postoperative complications or adverse 
events such as cerebrospinal fluid (CSF) leakage or wound 
infection. We evaluated the patient’s compliance with the 
recommended rehabilitation exercises using a questionnaire 
and found that she had followed the instructions. At the 
1-month follow-up, the patient was asymptomatic.

Figure 2 Sagittal T1-weighted (A) and T2-weighted (B) MR images showing posterior disc fibrous annulus rupture and loss of PLL continuity at the L2/3 level. (C) Enhanced 
MR image showing a “hawk-beak” sign. White arrows indicate disc herniation and associated radiographic changes.

Figure 3 (A) Axial T2-weighted MR image showing the torn PLL (A, white arrow). (B) Enhanced MR image showing a ring sign (B, white arrow).
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Discussion
IDH at the L2/3 level is extremely rare.11 The exact 
pathophysiologic mechanism is unclear, but congenital or 
acquired dense adhesions between the PLL and ventral 
dural sac are thought to be involved.11,12 To our 

knowledge, IDH is primarily influenced by acquired pre-
disposing factors such as chronic inflammation, degenera-
tive disease, iatrogenic conditions, trauma, local infection, 
and hemorrhage.13–15 These etiopathogenic factors can 
result in local adhesions and facilitate migration of 

Figure 4 (A) A midline durotomy was performed. (B) Smooth surface with hard fragments lodged in the inner wall of the ventral dura (blue arrow). (C) Thinned round 
defect within the ventral dura (blue arrow). (D) Image showing the sizes of the two herniated disc fragments.

Figure 5 (A) Degenerated fibrocartilage (red box) and hyperplastic inflammatory granulation tissue (blue box) on histopathologic examination (50× magnification). (B) 
Proliferation of small blood vessels and fibroblasts accompanied by inflammatory cell infiltration (blue box, 100× magnification). (C) Degenerated fibrocartilage and nucleus 
pulposus tissue (red box, 100× magnification).
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extruded disc material into the intradural sac space. 
Patients who have an intraoperative diagnosis of upper 
lumber IDH frequently exhibit intermittent neurogenic 
symptoms for months/years and are referred to the hospital 
upon experiencing acute onset of back pain with or with-
out neurological deficits.16,17

A herniated disc combined with annulus fibrosus rup-
ture can lead to the formation of a local “fingertip” struc-
ture that squeezes and firmly affixes the PLL to the dural 
sac. Accompanied by frequent lumbar movement—espe-
cially in the upper lumbar spine which has greater mobility 
than in the lower lumbar segments—the fingertip structure 
can repeatedly press the PLL and dura mater to promote 
adhesion.18 A ruptured disc spontaneously releases inflam-
matory factors that stimulate and erode local adhesions.4,19 

This erosion coupled with the mechanical squeezing force 
exerted by herniated disc fragments causes thinning of the 
adhered local dural sac18 and its eventual rupture, resulting 
in the entry of free disc fragments into the subdural space 
where they compress and stimulate the cauda equina 
nerve.6,20 At this point, patients with chronic intermittent 
pain may experience acute and more serious neurologic 
symptoms.16 Our patient had a history of chronic lower 
back and leg pain resulting from a lumbar sprain that 
progressed to serious acute pain, which was highly sus-
pected to be caused by disc degeneration.

Thoroughly analyzing a patient’s medical history, phy-
sical examination, and imaging are essential for preopera-
tive diagnosis of IDH. However, a definitive diagnosis 
based on imaging features is challenging for several 
reasons.8,21 First, the characteristic findings reported in 
the literature are not present in every case.17,22 

Nonetheless, IDH is highly suspected when the “hawk 
beak” sign, Y sign, ring enhancement, or “crumble disc” 
sign are observed on preoperative radiologic examination. 
A report of two cases of lumbar IDH described two repre-
sentative MRI findings that aroused suspicion of extruded 
disc herniation: abrupt loss of PLL continuity in the sagit-
tal MR image indicating annulus fibrosus rupture and 
a sharp beak-like pattern (known as the “hawk beak” 
sign) in the axial T2-weighted image.20 These imaging 
features can aid preoperative diagnosis and safe intrao-
perative planning.

In another study, preoperative MRI revealed free her-
niated disc fragments perforating the ventral dural sheath, 
separating the dura and arachnoid in a Y-shaped pattern 
(ie, the Y sign).22 The ring sign on gadolinium-enhanced 

MRI occurs when contrast medium is visible at the per-
iphery of the subdural disc fragment.23 However, unlike 
chronic inflammation, acute extruded disc herniation 
shows no ring-like contrast enhancement,24 which origi-
nates from the condensation of contrast medium in the 
surrounding granulation tissue where inflammation stimu-
lates angiogenesis, resulting in homogeneous contrast 
enhancement of the mass.25 The “crumble disc” sign 
reflects free disc debris that has entered the thecal sac. 
Although not very common, it is nonetheless a highly 
specific imaging feature that can be used for the preopera-
tive diagnosis of IDH.26 Some studies have also suggested 
that gas-filled herniation on computed tomography (CT) or 
MRI is evidence of intradural extension of disc 
fragments.27,28 In our study, T1- and T2-weighted axial 
MRI showed posterior disc fibrous annulus rupture and 
loss of PLL continuity at the L2/3 level. Gadolinium- 
enhanced MRI revealed peripheral ring enhancement of 
the sequestered herniated disc on axial images, while the 
“hawk beak” sign in sagittal images was enhanced by the 
contrast medium, leading us to suspect IDH. However, 
MRI did not show signs of gas-filled herniation in our 
case.

Secondly, even with neuroimaging advances, it remains 
difficult to clearly differentiate IDH from other spinal 
pathologies such as benign tumor, arachnoiditis, hema-
toma, meningeal cyst, and metastasis.8,25,29,30 Lumbar 
puncture can be performed to evaluate spinal pressure, 
and cytologic/molecular markers in CSF can be examined 
for differential diagnosis of IDH.

Thirdly, it is difficult to distinguish whether a mass 
lesion is sequestered extradurally, intradurally, or in the 
extra-arachnoid space. This is because from a radiologic 
perspective, the sequestered disc itself and other confound-
ing elements such as perfused CSF and local dense adhe-
sions or cysts may also be visible on MRI.

When patients manifest severe neurologic symptoms 
and IDH is highly suspected based on radiologic evidence, 
immediate surgical intervention should be considered as 
the first-line treatment.11 The surgical procedure involves 
careful exploration and meticulous dissection to avoid 
neurologic injury.9 Although intradural herniation has 
been examined by transforaminal posterolateral endo-
scopy, the main surgical approach is durotomy.31 The 
choice of partial or total laminectomy for decompression 
should be based on preoperative imaging findings. The 
surgical procedure should include palpating the tension 
of the dura and searching for remnant disc fragments in 
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the epidural and intradural space, as well as the adhesion 
area and adjacent caudal and cranial areas. Once the dorsal 
dural sac is opened, the arachnoid mater and nerve rootlets 
should be gently pulled to one side to allow examination 
of the intradural mass lesion and expose the ventral defect. 
It is highly recommended that a surgical microscope is 
used to facilitate clear visualization of the surgical area 
and reduce the risk of nerve rootlet injury.5 At the end of 
surgery, it is important to properly repair both the dorsal 
and ventral dura defects to minimize the risk of postopera-
tive CSF leakage. Some surgeons have used hemostatic 
material or autogenous fascial or fat grafts instead of 
continuous sutures to close the ventral defect without 
CSF leakage or other complications.9,11,25 Spinal fusion 
and internal fixation are also recommended to stabilize the 
local intervertebral space and avoid secondary disc 
herniation.9,32

Compared to previous reports, the novelty of the pre-
sent case study is that it provides strategies for preopera-
tive imaging diagnosis of upper IDH and a paradigm for 
the surgical diagnosis of this condition including selection 
of the surgical approach and intraoperative examination. 
We also described aspects of the operation that require 
special attention. Our case study thus provides surgeons 
with important information for IDH patient management 
and operative planning.

Conclusion
Upper lumbar IDH is an extremely rare type of disc 
degeneration; possible causes and pathophysiologic 
mechanisms include congenital or acquired dense adhe-
sions between the posterior disc fibrous annulus, PLL, and 
ventral dural sac. Adhesion causes thinning of the dural 
sac and promotes herniated disc protrusion into the sac. 
Preoperative enhanced MRI can reveal specific imaging 
features that facilitate diagnosis. Once IDH is highly sus-
pected based on radiologic evidence, prompt surgical 
intervention should be considered as the first treatment 
option to ensure rapid recovery.

Abbreviations
CSF, cerebrospinal fluid; CT, computed tomography; IDH, 
intradural disc herniation; MRI, magnetic resonance ima-
ging; PLL, posterior longitudinal ligament.

Patient Perspective
After the operation, I found that I can walk up and down 
stairs without crutches. Now I can return to a normal life. 
I’m willing to share my case with other doctors.
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