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Idiopathic ventral herniation of the spinal cord (SC) is not often encountered in daily 
practice. Its clinical prevalence, however, will increase through increasing awareness and 
more frequent use of MRI. A clear explanation of its pathophysiology has never been 
formulated. It was hypothesized that the findings during surgery might indicate the real 
causative mechanism. An extensive literature search was performed, using Embase, 
PubMed, and Google Scholar. Titles and abstracts were screened by two investigators, 
using strict inclusion and exclusion criteria. Reference lists of the full paper versions of 
each included article were checked. The following data were registered for the articles 
included: age, gender, level of herniation, relation to intervertebral disk, duration of symp-
toms, findings from surgery, and outcomes. Nine cases treated at our department were 
added. A total of 117 articles reporting on 259 patients were included. Including our 
cases, 268 patients were reviewed. Females outnumbered males (160/100). The mean 
age was 51.3 ± 12.0 years. In 236 patients, the duration of symptoms was reported: 
55.5 ± 55.6 months. In 178 patients, the intraoperative findings for the herniated part 
of the SC were not mentioned. In 59 patients, a tumor-like extrusion was seen, without 
any alteration to the SC. Deformation of the SC itself was never observed. Biopsies of 
these structures were without clinical consequence. Based on the intraoperative findings 
reported in literature and the cases presented, acquired causes, such as trauma and 
erosion of the dura due to a herniated disk, were not plausible. We hypothesize that 
a non-functioning appendix to the SC can only develop during an early embryologic 
phase, in which several layers separate. We propose renaming this entity as congenital 
transdural appendix of the SC.

Keywords: embryology, spinal cord herniation, congenital, transdural appendix, review

introdUCtion

Idiopathic ventral herniation of the spinal cord (SC) is a rarely encountered entity in neurosurgical 
practice. Several reviews have been published (1–3). Some small case series have been described (1, 
4, 5), but most cases have been reported as single cases (6–9). The entity is believed to be idiopathic, 
as a clear cause has never been identified in the cases published. However, a defect of the ventral dura 
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FigUre 1 | MRI of case 1 showing signs of a herniated spinal cord at T4–T5 at a sagittal T2-weighted image (a), sagittal T1-weighted image (B), and an axial 
T2-weighted image (C).

taBLe 1 | Characteristics of patients treated at the Department of Neurosurgery 
of Radboud university medical center (1989–2015).

Case sex age duration 
symptoms 
(months)

Level at disk level 
(y/n)

overall 
neurological 
outcome

1 (presented) M 52 120 T4–T5 Y Improved
2 (presented) F 58 12 T8 N Unchanged
3 M 54 40 T5/6 Y Improved
4 F 46 32 T6/7 Y Improved
5 F 49 56 T5/6 Y Unchanged
6 M 56 30 T4/5 Y Improved
7 F 39 24 T5/6 Y Unchanged
8 F 60 76 T6/7 N Worse
9 M 50 58 T5/6 N Improved
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has always been present. In other cases a relation is evident and, 
therefore, not considered as idiopathic. An example is the relation 
with a dural effect in combination with an intradural tumor and 
especially its removal (10, 11).

Many assumptions have been made about a possible acquired 
mechanism, with a traumatic or congenital etiology being the 
most frequently cited (9, 12–15). Both causes are general terms 
and have never been specified.

A comprehensive review of the literature was performed in 
the context of our own surgical experience in an effort to better 
understand the possible etiologies of this condition. Since we 
believe that specific clinical information, such as the motor grades 
and dermatomes involved, will not be useful in clarifying a pos-
sible cause, this information will not be collected and reviewed.

MetHods

The literature was searched, using PubMed, Embase, and Google 
Scholar until the end of September 2015. The search string 
included: {(ventral OR ventrally) AND [(herniated OR her-
niation) AND (spinal cord)]}. To provide a complete, exhaustive 
summary of current literature, the principles of the Prisma state-
ment were followed (16). The main reason for this is to ensure 
clarity and reproducibility for future investigators.

Two reviewers checked the titles and abstracts. Inclusion 
criteria were ventral herniated SC without any language restric-
tion. Exclusion criteria were non-ventrally herniated SC, a 
clear relation with an event causing the defect, such as surgery, 
traumatic root avulsion, and diseases known for the existence of 
dural defects or cysts. The first selection was based on titles and 
abstracts. Further selections were made after reading full texts. 
While assessing the full-text versions, references were checked 
for additional references. Finally, the articles were checked for 
double case reporting. When this occurred, the report with the 
largest series of cases was included. The quality of the studies 
was graded according to the guidelines proposed by the GRADE 
working group (17). Risk of bias was assessed according to the 
recommendations of Viswanathan et al. (18).

Nine cases included in the analysis are presented, two of whom 
are described in greater detail. These patients were identified by 
two authors (AG and RB), who prospectively collected data on 
these patients in a personal database in the hospital. The data 
will be complete, as these authors were the only ones who had 

operated on patients with SC herniation in our Neurosurgical 
Department.

Analyses were performed regarding mean age, gender, and 
duration of symptoms.

Values were represented as absolute numbers and, if appropri-
ate, as mean with standard deviation (range). For statistical analy-
sis, unpaired Student’s t-tests were used. Statistical significance 
was considered when p < 0.05.

resULts

The characteristics of the patients treated at the Neurosurgery 
Department of Radboud University Medical Center are repre-
sented in Table 1. Two of the patients are described in detail.

Case 1
A 52-year-old male fell 10 years before presentation from a scaf-
folding. Immediately after this fall, he noticed a diffuse sensibility 
loss in his right leg, which did not improve. Remarkably, he did 
not notice temperature changes or pain in that leg. Gradually, the 
strength in his left leg diminished. In recent years, this has clearly 
been progressive. In his lower left leg, he noticed paresthesias. He 
had a normal erectile function, but was unable to ejaculate.

On neurological examination, his left leg was slightly paretic. 
Vital and gnostic sensibility loss were present on the right side 
below T8. Within the L4 dermatoma on the left side, the vital 
sensibility was lost. The reflexes of both legs were pathologically 
increased with a Babinski’s sign on both sides. Radiological 
examination revealed a herniation of the SC at T4–T5 (Figure 1).
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FigUre 2 | Intraoperative view from the left side. Spinal cord (SC) was 
slightly moved to the right side with a spatula. The edge of the dural defect 
(V) can clearly be seen as well as the appendix from the SC (*).

FigUre 3 | MRI of second patient disclosing a herniated spinal cord at T8 at sagittal T2 weighted image (a), at a STIR weighted image (B), and an axial T2 
weighted Image (C).
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During surgery, the dura was opened after a midline approach 
with laminectomy T4 and T5. The dentate ligaments were tran-
sected on both sides, allowing some manipulation of the SC. On 
the ventral side, a defect of the dura was seen, along with many 
adhesions from the dura to the SC. These were sharply transected 
from both sides. Finally, the SC was freed from the dural defect 
and a mass originating from the ventral part of the SC was devel-
oped from the dural defect (Figure 2). To prevent re-herniation, 
an artificial graft was gently placed in front of the SC covering the 
defect and was fixated laterally to the dural sleeve. Throughout 
the entire surgery, MEPs, SSEPs, and D-waves were monitored. 
During manipulation, the signals diminished twice. After wait-
ing for several minutes, the signals returned to a normal level. 
Post-operatively, the patient did not notice any new complaints. 
The neurology is his right leg remained unaltered three months 
after surgery, whereas the symptoms in his left leg had improved.

Case 2
This 58-year-old female complained about temperature changes 
and hyperpathy in her left leg for the past 12 months. On the right 
side, the sensibility was different but not normal. The strength in 
her left leg was diminished. These complaints ascended over time, 
initially starting at the foot and developing further to the groin at 
the time of presentation.

Neurological examination revealed only a paretic quadriceps 
femoris muscle on the left side. Vital sensibility was disturbed on 
the left side below T10. The plantar reflexes on both sides were 
indifferent.

An MRI revealed a herniation of the SC at T8 (Figure 3).
During surgery, a laminectomy on T8 and T7 was performed. 

The dentate ligaments were transected. While gently mobilizing 
the SC from the left to the right, a large defect in the ventral dura 
was observed. The same maneuver at the right side revealed a 
fixed SC with the defect. After transection of some adhesions, a 
tumor-like extension of the SC was seen (Figure 4) and was finally 
mobilized completely intradurally. To prevent re-herniation, 
an artificial graft was gently placed in front of the SC covering 
the defect and fixated laterally to the dural sleeve. Throughout 
the entire surgery, MEPs, SSEPs, and D-waves were monitored. 
Changes were not noticed. Post-operatively, the patient did not 
notice any new complaints.

reVieW oF tHe LiteratUre  
and aLL Cases

The results of the literature search are shown in Figure  5. In 
total, 123 articles related to ventrally located herniation of the 
SC were selected (1–9, 12–15, 19–129). After checking for double 
case reporting, 117 articles were selected, reviewing 259 patients. 
For further analyses, we included our cases. Therefore, the total 
number of patients was 268.

All studies were case reports, or small retrospective case series. 
Therefore, the quality of the studies should be graded as low. Risk 
of bias was high due to the design of the studies included.

The female-to-male ratio was 164/104 (in eight cases, gender 
was not mentioned) or 1.6/1. The mean age was 51.3 ± 12.0 years 
(12–83). The mean age did not differ between men and women 
(p = 0.84). In 236 patients, the duration of symptoms was reported: 
55.5 ± 55.6 months (1–432). A difference between genders did 
not exist in duration (p = 0.47).

In 135 cases, the herniation was at the disk level, whereas 
in 63 cases, it was not. In 70 cases, the relation to the disk was 
not mentioned or was radiographic investigations included. The 
levels of herniation of the SC are presented in Table 2.

In 14 cases, the instituted treatment was not mentioned. 
Seventeen patients were treated conservatively. For two of them, 
the outcome of the final follow-up was not reported. Two of them 
improved (14, 129), and the other 13 cases remained unaltered.
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FigUre 5 | Flow of information.

FigUre 4 | Intraoperative view from the right side. Spinal cord (SC) was 
disclosed and a clear tumor-like appendix was seen (*), as was the sharp 
edge of the ventral dural defect (V) in (a). More caudally, (B) a yellow globule 
(o) was apparent that was adherent to the above-mentioned appendix.
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Including our nine patients, 237 patients underwent surgery. 
There were no striking differences between our cases and those 
reported in the literature. In all cases, it was reported that the 
herniated portion was dissected from adhesions to the dural 
defect. For 178 patients, a description of the herniated part was 
not provided. In the remaining 59 patients, the intraoperative 
findings (Table  3) were reported. The SC at that level had an 
abnormal appearance in 18 cases, whereas all descriptions relat-
ing to the herniated part (39 cases) resembled a tumor-like entity 
or appendix. The outcome in the surgically treated patients was 
unknown in 21 (7.9%) cases, unchanged in 50 (18.7%) cases, 
improved in 183 (70.3%) cases, and worsened in 14 (5.2%) cases. 
Very few cases developed a recurrence. It was also remarkable that 
none of our patients experienced a CSF leakage post-operatively, 
although no attempt was made to close the dura. The literature 
makes no mention of any such occurrences either. It should be 
emphasized here that the follow-up was a variable. Since the effect 
of surgical treatment was not the purpose of this study, we did not 
report on patient follow-up.

disCUssion

Suggested causes for the development of a ventrally herniated SC 
vary from acquired to congenital (46, 69). Erosion of the dura 
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taBLe 2 | Level of herniated spinal cord (t: thoracic) with the respective 
frequencies.

Location Frequency

 – t1–t2 2
 – t2 5
 – t2–t3 18
 – t3 11
 – t3–t4 16
 – t4 21
 – t4–t5 46
 – t4–t5 and t5–t6 1
 – t5 7
 – t5–t6 28
 – t6 15
 – t6–t7 31
 – t7 11
 – t7–t8 24
 – t8 10
 – t8–t9 6
 – t9 1
 – t9–t10 2
 – t10–t11 2

Total 268

In one case, a double herniation occurred.

taBLe 3 | description of intraoperative findings and their respective frequencies 
in absolute numbers.

description of intraoperative findings Frequency

 – A “tongue” of the anterolateral funiculus 1

 – A small lobule of herniated spinal cord (SC) was seen, tethered 
by the rostral arcuate margin of the dural defect

1

 – A small nipple of the cord was noted poking out whereas the 
rest of the SC was contained within the arachnoid membrane

1

 – A tumor-like protuberance from the ventral aspect of the SC 1

 – Anterolateral aspect was yellow-ochre colored 1

 – Appendix from the SC 1

 – Bulk of tissue 1

 – Bulbous lobule 1

 – Cord hernia 1

 – Focal sclerosis 1

 – Gliotic SC 1

 – Glistening white structure epidurally 1

 – Globule with yellowish-ocre like small part at the end of the 
herniated globule adherent to posterior longitudinal ligament

1

 – Herniated and gliotic-appearing cord 1

 – Herniated cord was found, showing prominent yellow 
discoloration

1

 – Herniated lobule 7

 – Herniated portion of the SC appeared yellowish and slightly 
hardened-like granulation tissue

1

 – Herniated portion appeared gliotic 1

 – Herniated portion was edematous and swollen 1

 – Herniated SC had a gliotic appearance 1

 – Herniated tissue. The fibers appeared edematous and reddish 1

 – La moelle est manifestement remaniée (couleur jaune et ocre) 1

 – Nerve root existed through defect, at histological examination 
fibrosed nervous tissue

1

 – Nerve root in defect 1

 – Pale, yellowish, swollen cord tissue 1

 – Small round lesion 1

 – Smooth, rubbery, yellowish white tumor-like sphere with flimsy 
capsule

1

 – SC. Atrophic at the herniation level 12

 – SC … had an exophytic edematous appearance 1

 – SC protruded, resembling a “navel” 1

 – SC was deformed and gliotc 1

 – The herniated cord appeared “violaceous/pale” in color and was 
hardened

1

 – The herniated portion of the thoracic cord exhibited a yellowish 
and edematous round-shaped projection

1

 – The strangulated portion of the dura resembled a tumor 1

 – Tumor-like appendix was seen and a yellowish globule was 
apparent that was adherent to the previous mentioned appendix

1

 – Ventral bulge, where it had a gliotic, reddened appearance 1

 – With a complex anterior herniation through a dural defect of gliotic 
tissue which was also tethered to the posterior longitudinal ligament

1

 – Yellowish, tumor-like mass 1

 – Yellowish and slightly softened 1

 – Yellowish lobulated tumor-like herniation (photo) 1

 – Yellowish tongue shaped 1

 – Yellowish tongue-shaped projection 1

Total 59
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due to a ruptured disk, or minor trauma, has been suggested as 
an acquired cause (9, 12–15, 113). A common factor in all the 
reports was that the possible mechanism was not specified. In 
most instances, authors cited previous authors.

In attempting to explain the etiology of ventral herniation of 
the SC without an obviously predisposing event, some considera-
tions should be taken into account. First, the adult SC does not 
have any growing potential unless a neoplasm is involved. Second, 
spontaneous opening in the ventral dura cannot be expected, 
considering its consistency and lack of movement. If movement 
should play an important role, it is along a smooth connective 
tissue: the posterior longitudinal ligament (PLL). Third, the SC 
is extremely sensitive to trauma and any protrusion fixed into a 
dural defect will be accompanied by a severe neurological deficit. 
Fourth, most patients appeared with symptoms in their sixth dec-
ade and had gradually developed signs and symptoms, sometimes 
presenting with an acute temporary neurological deficit after a 
minor fall several years before the onset of the symptoms Finally, 
the herniated part was biopsied or even resected without any 
neurological deficit.

Based on these considerations, a traumatic etiology does not 
seem plausible. A traumatic dural tear would need a high-energy 
impact with a severe concomitant neurological deficit. Erosion of 
the dura over a herniated disk would ultimately lead to an intra-
durally located herniated disk with dorsal displacement of the SC. 
We concluded that an acquired origin seemed highly unlikely, to 
say the very least.

A congenital cause is very often cited without being specified 
(4, 7, 101, 102).

An embryologic explanation for the so-called herniation of 
the SC is, however, plausible. During the formation of the neural 
tube, neural crest cells arise at the dorsolateral aspects of the neu-
ral tube. The neural crest cells are adjacent to the neural tube and 
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FigUre 6 | Schematic presentation of proposed hypothesis. In the upper left 
corner, the neural tube is shown (black) with adjacent somites (red). The 
neural crest (green) is formed at the dorsolateral aspects of the neural tube 
and migrates to the ventral aspect of the neural tube (arrows). In the middle, 
the neural crest cells have been intermingled with mesenchymal cells from 
the somites forming the meninx primitiva. (a) The normal embryologic 
development is shown with the formation of the pia mater (yellow), the dura 
mater (blue), the posterior longitudinal ligament (violet), and the vertebral 
mesenchyme (red). The formation of the congenital transdural appendix of 
the spinal cord is depicted in panel (B). A local aggregation of neural crest 
cells is formed (green without red dashes) and the transdural appendix is 
formed, while perforating the dura, sometimes the posterior longitudinal 
ligament, and on rare occasions a little cavity within the vertebral body. Color 
legend: black: neural tube; red: somites (later vertebral mesenchyme); green 
(neural crest); yellow (pia mater); blue (dura mater); and violet (posterior 
longitudinal ligament).
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spread along it to its ventral side (130, 131). During this process, 
mesenchymal cells from the somites intermingle with the neural 
crest cells forming the meninx primitiva (130–133), a precursor 
of the meninges. At the gestational age of 30–32 days, the neural 
tube has already been covered by a single cell layer representing 
the future pia (130).

The layer at the ventral side of the neural tube and dorsal 
side of the intervertebral disk of the vertebral body, consisting of 
neural crest and mesenchymal cells, was reported to be thicker 
than laterally or dorsally (134, 135). It can be subdivided in the 
following three layers: (1) an outer perichondral one adjoining 
the vertebral body, (2) an intermediate one that will form the PLL, 
and (3) an internal one forming the ventral dura mater (133).

It is therefore hypothesized that, within this thicker layer, 
neural crest cells accumulate and differentiate into neural tissue 
instead of dura. They have this propensity because they also 
form the spinal ganglia. Then, an aggregate of non-functioning 
neuronal cells (appendix) would be established adjoining the 
SC, (partly) covered by pia, and causing a defect in the dura, 
in the PLL (sometimes present), or on rare occasions, a small 
cavity within the vertebral body (Figure  6). The formation 
of the appendix could take place between 30 and 60  days of 

gestational age, depending on the specimens investigated, as the 
differentiation of dura mater took place before this gestational 
age (130, 133).

The neural tissue does not contribute to any neurological 
function. Biopsy of a part of the SC, or even re-section of a part 
will generally lead to neurological deficit. The absence reported 
in some cases of a neurological deficit after a biopsy had been 
performed proves that it was a non-functional tissue. However, 
some nervous cells were seen on histological examination (19, 
32, 36, 43, 49, 88).

The transdural appendix will cause tethering of the SC and 
could become clinically relevant. A severe (temporary) neurologi-
cal deficit can occur after a minor accident. Neurological deficits 
can also occur gradually during aging. The gradual occurrence 
of symptoms or their sudden emergence after a minor fall was 
reported in all of the cases in the literature, as well as in our own 
series.

The hypothesis is supported by findings described on 
radiological examination: nuclear trail (78), clefts in the vertebral 
body at the level of MRI pathology (1, 96), and a cavity in the 
vertebral body at the level of pathology (29). A nuclear trail or 
clefts indicates that the somites did not properly fuse. Cavities 
could only be present if these were present when the abnormality 
developed, since the SC fixed in a dural opening would not have 
eroded the bone.

This hypothesis also explains the absence of any post-operative 
CSF leak. Although a defect in the dura was always clearly seen 
and was often even enlarged to complete dissection of the protru-
sion, no attempt was made to close the defect. This could only 
happen if the dura was firmly fixed with surrounding ligament, 
which confirms our theory. It can also explain the atrophic 
appearance of the SC at the involved level. Due to the tethering 
of the SC, gradually circulatory changes will occur with atrophy 
as a consequence.

Although this hypothesis explains the findings from surgery, 
as well as the clinical picture, two important questions still need 
to be answered: (1) why did this entity only occur at the thoracic 
levels and (2) what was the primary cause? For example, was it 
genetic?

If this theory is correct, the term idiopathic ventral hernia-
tion of the SC is a misnomer. Congenital transdural appendix of 
the SC would be a more accurate name, since its cause is clearly 
defined. The term does not refer to an active process but to the 
result of a developmental disorder: an inert segment adherent 
to the SC.

This study has several limitations. We performed a review 
of the literature. In order to be complete and transparent, we 
used the guidelines proposed by Prisma. In light of that, a less 
informed reader could misjudge the quality of this paper as 
high grade evidence. This was certainly not the intention of the 
authors. A theory about the origin of idiopathic ventral SC her-
niation was formulated, based on observations and knowledge of 
the structure of the dura and vulnerability of the SC reported in 
literature. We are fully aware that solid proof was not provided, 
and assumptions were made. However, every observation seemed 
to fit into the hypothesis. Formation of a hypothesis is the first 
step toward initiating further investigations. We are the first to 
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formulate this hypothesis. Therefore, we were convinced that this 
study is a valuable contribution to the literature.

ConCLUsion

We have formulated a hypothesis to explain the development of 
a form of ventral tethering of the SC. This hypothesis is based on 
the results of our systematic review, including some of our own 
cases, and focused on the intraoperative findings. The etiology of 
this entity is assumed to be entirely embryologic. We believe that 
ventral SC herniation might be more appropriately referred to as 
congenital transdural appendix of the SC.

etHiCs stateMent

The Ethics Committee CMO Arnhem-Nijmegen approved the 
trial. Patients cannot be identified. Since their dates were retro-
spectively assessed, informed consent was waived by the ethical 
committee.

aUtHor ContriBUtions

RB and JG designed the study, collected data, analyzed the 
data, interpreted data for the work, drafted the work, critically 
revised it, and finally approved it and agreed to be accountable 
for all aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are appro-
priately investigated and resolved. AH, HB, and NA analyzed 
the results, drafted and critically revised the manuscript, and 
finally approved it. All agreed to be accountable for all aspects 
of the work in ensuring that questions related to the accuracy or 
integrity of any part of the work are appropriately investigated 
and resolved.

aCKnoWLedgMents

We want to express our gratitude to Bert Keurentjes, Radboud 
in’to Laguages, Nijmegen, the Netherlands, for editing grammar 
and language.

reFerenCes

1. Summers JC, Balasubramani YV, Chan PC, Rosenfeld JV. Idiopathic spinal 
cord herniation: clinical review and report of three cases. Asian J Neurosurg 
(2013) 8:97–105. doi:10.4103/1793-5482.116386 

2. Yamamoto N, Katoh S, Higashino K, Sairyo K. Idiopathic spinal cord hernia-
tion with duplicated dura mater and dorsal subarachnoid septum. Report of a 
case and review of the literature. Int J Spine Surg (2014) 8. doi:10.14444/1029 

3. Martinez-Del-Campo E, Moon K, Kalb S, Soriano-Baron H, Theodore N.  
Surgical management of a patient with thoracic spinal cord herniation: tech-
nical case report and review. Neurosurgery (2015) 77:E492–8. doi:10.1227/
NEU.0000000000000860 

4. Prada F, Saladino A, Giombini S, Erbetta A, Saini M, Dimeco F, et al. Spinal 
cord herniation: management and outcome in a series of 12 consecutive 
patients and review of the literature. Acta Neurochir (Wien) (2012) 154:723–30. 
doi:10.1007/s00701-011-1265-1 

5. Hawasli AH, Ray WZ, Wright NM. Symptomatic thoracic spinal cord 
herniation: case series and technical report. Neurosurgery (2014) 10(Suppl 
3):E498–504. doi:10.1227/NEU.0000000000000437 

6. Ghostine S, Baron EM, Perri B, Jacobson P, Morsette D, Hsu FP. Thoracic 
cord herniation through a dural defect: description of a case and review of the 
literature. Surg Neurol (2009) 71:362–66; discussion 366–367. doi:10.1016/j.
surneu.2007.08.022 

7. Sai Kiran NA, Vaishya S, Kasliwal MK, Kale SS, Sharma BS. Spontaneous 
thoracic spinal cord herniation presenting as tethered cord syndrome. Neurol 
India (2009) 57:221–2. doi:10.4103/0028-3886.51306 

8. Sasani M, Ozer AF, Vural M, Sarioglu AC. Idiopathic spinal cord herniation: 
case report and review of the literature. J Spinal Cord Med (2009) 32:86–94.  
doi:10.1080/10790268.2009.11760757 

9. Ulivieri S, Olivieri G, Petrini C, D’elia F, Cuneo GL, Cerase A. Thoracic spinal 
cord herniation: case report and technical note. Neurol Neurochir Pol (2009) 
43:86–9. 

10. Abd Elwahab SM, O’Sullivan MJ. Spinal cord herniation after resection of cer-
vical spinal neurofibroma with a unique presentation. Spine J (2015) 15:e1–3. 
doi:10.1016/j.spinee.2014.12.007 

11. Aiyer SN, Shetty AP, Kanna R, Maheswaran A, Rajasekaran S. Spinal cord 
herniation following cervical meningioma excision: a rare clinical entity 
and review of literature. Eur Spine J (2016) 25(Suppl 1):216–9. doi:10.1007/
s00586-016-4412-9 

12. Alkan O, Kizilkilic O, Karakurum Goksel B, Yildirim T, Birol Sarica F. 
Ventral thoracic spinal cord herniation: a commonly misdiagnosed and 
treatable cause of myelopathy. Neuroradiol J (2008) 21:563–7. doi:10.1177/ 
197140090802100415 

13. Hassler W, Al-Kahlout E, Schick U. Spontaneous herniation of the spinal 
cord: operative technique and follow-up in 10 cases. J Neurosurg Spine (2008) 
9:438–43. doi:10.3171/SPI.2008.9.11.438 

14. Senturk S, Guzel A, Guzel E. Atypical clinical presentation of idiophatic 
thoracic spinal cord herniation. Spine (Phila Pa 1976) (2008) 33:E474–7. 
doi:10.1097/BRS.0b013e318178e624 

15. Haque A, Morgan H. Thoracic transdural spinal cord herniation at a level 
caudal to prior discectomy. Acta Neurochir (Wien) (2010) 152:1985–9. 
doi:10.1007/s00701-010-0767-6 

16. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS 
Med (2009) 6:e1000097. doi:10.1371/journal.pmed.1000097 

17. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et  al. GRADE 
guidelines: 1. Introduction-GRADE evidence profiles and summary of find-
ings tables. J Clin Epidemiol (2011) 64:383–94. doi:10.1016/j.jclinepi.2010. 
04.026 

18. Viswanathan M, Berkman ND, Dryden DM, Hartling L. Assessing Risk of 
Bias and Confounding in Observational Studies of Interventions or Exposures: 
Further Development of the RTI Item Bank. Rockville, MD: Agency for 
Healthcare Research and Quality (US) (2013).

19. Wortzman G, Tasker RR, Rewcastle NB, Richardson JC, Pearson FG. 
Spontaneous incarcerated herniation of the spinal cord into a vertebral body: 
a unique cause of paraplegia. J Neurosurg (1974) 41:631–5. doi:10.3171/
jns.1974.41.5.0631 

20. Masuzawa H, Nakayama H, Shitara N, Suzuki T. Spinal cord herniation into a 
congenital extradural arachnoid cyst causing Brown-Sequard syndrome. Case 
report. J Neurosurg (1981) 55:983–6. doi:10.3171/jns.1981.55.6.0983 

21. Oe T, Hoshino Y, Kurokawa T. [A case of idiopathic herniation of the spinal 
cord associtaed with duplicated dura mater and with an arachnoid cyst] (in 
Japanese). Nihon Seikeigeka Gakkai Zasshi (1990) 64:43–9. 

22. Isu T, Iizuka T, Iwasaki Y, Hagashima M, Akino M, Abe H. Spinal cord 
herniation associated with an intradural spinal arachnoid cyst diag-
nosed by magnetic resonance imaging. Neurosurgery (1991) 29:137–9. 
doi:10.1227/00006123-199107000-00027 

23. Tronnier VM, Steinmetz A, Albert FK, Scharf J, Kunze S. Hernia of the spinal 
cord: case report and review of the literature. Neurosurgery (1991) 29:916–9. 
doi:10.1227/00006123-199112000-00021 

24. Nakazawa H, Toyama Y, Satomi K, Fujimura Y, Hirabayashi K. Idiopathic 
spinal cord herniation. Spine (Phila Pa 1976) (1993) 18:2138–41. 
doi:10.1097/00007632-199310001-00036 

25. White BD, Firth JL. Anterior spinal hernia: an increasingly recognised cause 
of thoracic cord dysfunction. J Neurol Neursurg Psychiatry (1994) 57:1433–5. 
doi:10.1136/jnnp.57.11.1433 

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.4103/1793-5482.116386
https://doi.org/10.14444/1029
https://doi.org/10.1227/NEU.0000000000000860
https://doi.org/10.1227/NEU.0000000000000860
https://doi.org/10.1007/s00701-011-1265-1
https://doi.org/10.1227/NEU.0000000000000437
https://doi.org/10.1016/j.surneu.2007.08.022
https://doi.org/10.1016/j.surneu.2007.08.022
https://doi.org/10.4103/0028-3886.51306
https://doi.org/10.1080/10790268.2009.11760757
https://doi.org/10.1016/j.spinee.2014.12.007
https://doi.org/10.1007/s00586-016-4412-9
https://doi.org/10.1007/s00586-016-4412-9
https://doi.org/10.1177/
197140090802100415
https://doi.org/10.1177/
197140090802100415
https://doi.org/10.3171/SPI.2008.9.11.438
https://doi.org/10.1097/BRS.0b013e318178e624
https://doi.org/10.1007/s00701-010-0767-6
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.3171/jns.1974.41.5.0631
https://doi.org/10.3171/jns.1974.41.5.0631
https://doi.org/10.3171/jns.1981.55.6.0983
https://doi.org/10.1227/00006123-199107000-00027
https://doi.org/10.1227/00006123-199112000-00021
https://doi.org/10.1097/00007632-199310001-00036
https://doi.org/10.1136/jnnp.57.11.1433


8

Bartels et al. Pathogenesis of Idiopathic Ventral Herniation of the SC

Frontiers in Neurology | www.frontiersin.org September 2017 | Volume 8 | Article 476

26. Batzdorf U. Comment to Borges, L., Zervas, N.A., and Lehrich, 
J. Idiopathic spinal cord herniation: a treatable cause of the Brown-
Sequard syndrome – case report. Neurosurgery (1995) 36(5):1028–33. 
doi:10.1097/00006123-199505000-00023 

27. Borges LF, Zervas NT, Lehrich JR. Idiopathic spinal cord herniation: a treat-
able cause of the Brown-Sequard syndrome – case report. Neurosurgery (1995) 
36:1028–33. doi:10.1097/00006123-199505000-00023 

28. Kumar R, Taha J, Greiner AL. Herniation of the spinal cord. J Neurosurg (1995) 
82:131–6. doi:10.3171/jns.1995.82.1.0131 

29. Hausmann ON, Moseley IF. Idiopathic dural herniation of the thoracic spinal 
cord. Neuroradiology (1996) 38:503–10. doi:10.1007/BF00626082 

30. Matsumura T, Takahashi MP, Nozaki S, Kang J. [A case of idiopathic spinal 
cord herniation] (in Japanese). Rinsho Shingkeigaku (1996) 1996:566–70. 

31. Miura Y, Mimatsu K, Matsuyama Y, Yoneda M, Iwata H. Idiopathic 
spinal cord herniation. Neuroradiology (1996) 38:155–6. doi:10.1007/BF0 
0604805 

32. Sioutos P, Arbit E, Tsairis P, Gargan R. Spontaneous thoracic spinal 
cord herniation. A case report. Spine (Phila Pa 1976) (1996) 21:1710–3. 
doi:10.1097/00007632-199607150-00019 

33. Slavotinek JP, Sage MR, Brophy BP. An unusual spinal intradural arachnoid 
cyst. Neuroradiology (1996) 38:152–4. doi:10.1007/BF00604803 

34. Urbach H, Kaden B, Pechstein U, Solymosi L. Herniation of the spinal cord 38 
years after childhood trauma. Neuroradiology (1996) 38:157–8. doi:10.1007/
BF00604806 

35. Baur A, Stäbler A, Psenner K, Hamburger C, Reiser M. Imaging findings in 
patients with ventral dural defects and herniation of neural tissue. Eur Radiol 
(1997) 7:1259–63. doi:10.1007/s003300050286 

36. Henry A, Tunkel R, Arbit E, Ku A, Lachmann E. Tethered thoracic cord 
resulting from spinal cord herniation. Arch Phys Med Rehabil (1997) 78:530–3. 
doi:10.1016/S0003-9993(97)90170-2 

37. Takahashi HS, Kohno T, Chiba A, Mikata T, Inoue K. Idiopathic spinal cord 
herniation: a report of 3 cases and problems of the operative treatment. 
Sekitsui Sekizui J (1997) 10:939–45. 

38. Uchino A, Kato A, Momozaki N, Yukitake M, Kudo S. Spinal cord herniation: 
report of two cases and review of the literature. Eur Radiol (1997) 7:289–92. 
doi:10.1007/s003300050153 

39. Dix JE, Griffitt W, Yates C, Johnson B. Spontaneous thoracic spinal cord 
herniation through an anterior dural defect. AJNR Am J Neuroradiol (1998) 
19:1345–8. 

40. Miyake S, Tamaki N, Nagashima T, Kurata H, Eguchi T, Kimura H. 
Idiopathic spinal cord herniation. J Neurosurg (1998) 88:331–5. doi:10.3171/
jns.1998.88.2.0331 

41. Watters MR, Stears JC, Osborn AG, Turner GE, Burton BS, Lillehei K, et al. 
Transdural spinal cord herniation: imaging and clinical spectra. AJNR Am 
J Neuroradiol (1998) 19:1337–44. 

42. Abe M, Komori H, Yamaura I, Kayano T. Spinal cord herniation into an 
extensive extradural meningeal cyst: postoperative analysis of intracystic 
flow by phase-contrast cine MRI. J Orthop Sci (1999) 4:450–6. doi:10.1007/
s007760050129 

43. Brugières P, Malapert D, Adle-Biasette H, Fuerxer F, Djindjian M, Gaston A. 
Idipathic spinal cord herniation: value of MR phase-contrast imaging. AJNR 
Am J Neuroradiol (1999) 20:935–9. 

44. Marshman LA, Hardwidge C, Ford-Dunn S, Olney J. Idiopathic spinal cord 
herniation: case report and review of the literature. Neurosurgery (1999) 
44:1129–33. doi:10.1097/00006123-199905000-00112 

45. Miyake S, Tamaki N, Nagashima T, Kurata H, Eguchi T, Kimura H. Idiopathic 
spinal cord herniation. Report of two cases and review of the literature. 
Neurosurg Focus (1999) 7:e6. doi:10.3171/foc.1999.7.5.9 

46. Vallee B, Mercier P, Menei P, Bouhour F, Fischer C, Fournier D, et al. Ventral 
transdural herniation of the thoracic spinal cord: surgical treatment in four 
cases and review of literature. Acta Neurochir (Wien) (1999) 141:907–13. 
doi:10.1007/s007010050396 

47. Verny CM, Hayek G, Fournier D, Menel P, Guy G. LA hernie spontanée de la 
moelle: une cause peu connue de syndrome de Brown-Séquard. Neurochirurgie 
(1999) 45:225–31. 

48. Bartolomei J, Wong J, Awad IA, Dickman CA, Das K, Kalfas I, et  al. Case 
problems conference: thoracic spinal cord hernia. Neurosurgery (2000) 
46:1408–15. doi:10.1097/00006123-200006000-00024 

49. Ewald C, Kuhne D, Hassler WE. Progressive spontaneous herniation of the 
thoracic spinal cord: case report. Neurosurgery (2000) 46:493–95; discussion 
495–496. doi:10.1097/00006123-200002000-00046 

50. Hadley MN. Comment to Tekkök, I.D. Spontaneous spinal cord hernation: 
case report and review of the literature. Neurosurgery (2000) 46(2):485–91. 

51. Tekkok IH. Spontaneous spinal cord herniation: case report and review of the 
literature. Neurosurgery (2000) 46:485–91; discussion 491–482. doi:10.1097/ 
00006123-200002000-00044 

52. Wada E, Yonenobu K, Kang J. Idiopathic spinal cord herniation: report of three 
cases and review of the literature. Spine (Phila Pa 1976) (2000) 25:1984–8. 
doi:10.1097/00007632-200008010-00019 

53. Adams RF, Anslow P. The natural history of transdural herniation of the 
spinal cord: case report. Neuroradiology (2001) 43:383–7. doi:10.1007/
s002340000469 

54. Aizawa T, Sato T, Tanaka Y, Kotajima S, Sekiya M, Kokubun S. Idiopathic 
herniation of the thoracic spinal cord: report of three cases. Spine (Phila Pa 
1976) (2001) 26:E488–91. doi:10.1097/00007632-200110150-00030 

55. Berbel A, Porta-Etessam J, Martinez-Salio A, Perez-Martinez DA,  
Saiz-Diaz RA, Rivas JJ, et al. Herniación medular idiopática. Presentación de 
un nuevo caso y revisión de la literatura. Rev Neurol (2001) 32:54–7. 

56. Eguchi T, Yokota H, Nikaido Y, Nobayashi M, Nishioka T. Spontaneous 
thoracic spinal cord herniation – case report. Neurol Med Chir (Tokyo) (2001) 
41:508–12. doi:10.2176/nmc.41.508 

57. Ewald C, Hassler WE. Die spontane Heniation des thorakalen Rückenmarks 
als Ursache für ein progredientes Brown-Sequard-Syndrom. Nervenarzt 
(2001) 72:441–4. doi:10.1007/s001150050776 

58. Kawachi I, Nozaki H, Watanabe M, Sato A, Tsuji S. Spontaneous spinal cord 
herniation. Neurology (2001) 56:977. doi:10.1212/WNL.56.7.977 

59. Miyaguchi M, Nakamura H, Shakudo M, Inoue Y, Yamano Y. Idiopathic 
spinal cord herniation associated with intervertebral disc extrusion: a case 
report and review of the literature. Spine (Phila Pa 1976) (2001) 26:1090–4. 
doi:10.1097/00007632-200105010-00022 

60. Morokoff AP, Tress BM, Kaye AH. Idiopathic spinal cord herniation. J Clin 
Neurosci (2001) 8:180–3. doi:10.1054/jocn.2000.0819 

61. Pereira P, Duarte F, Lamas R, Vaz R. Idiopathic spinal cord herniation: 
case report and literature review. Acta Neurochir (Wien) (2001) 143:401–6. 
doi:10.1007/s007010170096 

62. Watanabe M, Chiba K, Matsumoto M, Maruiwa H, Fujimura Y, Toyama Y. 
Surgical management of idiopathic spinal cord herniation: a review of nine 
cases treated by the enlargement of the dural defect. J Neurosurg (2001) 
95:169–72. 

63. Barbagallo GM, Marshman LA, Hardwidge C, Gullan RW. Thoracic idiopathic 
spinal cord herniation at the vertebral body level: a subgroup with a poor 
prognosis? Case reports and review of the literature. J Neurosurg (2002)  
97:369–74. 

64. Cellerini M, Bayon S, Scazzeri F, Mangiafico S, Amantini A, Guizzardi GC, 
et  al. Idiopatic spinal cord herniation: a treatable cause of Brown-Sequard 
syndrome. Acta Neurochir (Wien) (2002) 144:321–5. doi:10.1007/s007010 
200044 

65. Iyer RV, Coutinho C, Lye RH. Spontaneous spinal cord herniation. Br 
J Neurosurg (2002) 16:507–10. doi:10.1080/0268869021000030960 

66. Massicotte EM, Montanera W, Ross Fleming JF, Tucker WS, Willinsky R, 
Terbrugge K, et  al. Idiopathic spinal cord herniation: report of eight cases 
and review of the literature. Spine (Phila Pa 1976) (2002) 27:E233–41. 
doi:10.1097/00007632-200205010-00025 

67. Inoue T, Cohen-Gadol AA, Krauss WE. Low-pressure headaches and spinal 
cord herniation. Case report. J Neurosurg (2003) 98:93–5. 

68. Nakagawa H, Kamimura M, Uchiyama S, Takahara K, Itsubo T, Miyasaka 
T. Idiopathic spinal cord herniation associated with a large erosive bone 
defect: a case report and review of the literature. J Spinal Disord Tech (2003) 
16:299–305. doi:10.1097/00024720-200306000-00013 

69. Sagiuchi T, Iida H, Tachibana S, Utsuki S, Tanaka R, Fujii K. Idiopathic spinal 
cord herniation associated with calcified thoracic disc extrusion – case report. 
Neurol Med Chir (Tokyo) (2003) 43:364–8. doi:10.2176/nmc.43.364 

70. Sasaoka R, Nakamura H, Yamano Y. Idiopathic spinal cord herniation in the 
thoracic spine as a cause of intractable leg pain: case report and review of 
the literature. J Spinal Disord Tech (2003) 16:288–94. doi:10.1097/00024720- 
200306000-00011 

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.1097/00006123-199505000-00023
https://doi.org/10.1097/00006123-199505000-00023
https://doi.org/10.3171/jns.1995.82.1.0131
https://doi.org/10.1007/BF00626082
https://doi.org/10.1007/BF00604805
https://doi.org/10.1007/BF00604805
https://doi.org/10.1097/00007632-199607150-00019
https://doi.org/10.1007/BF00604803
https://doi.org/10.1007/BF00604806
https://doi.org/10.1007/BF00604806
https://doi.org/10.1007/s003300050286
https://doi.org/10.1016/S0003-9993(97)90170-2
https://doi.org/10.1007/s003300050153
https://doi.org/10.3171/jns.1998.88.2.0331
https://doi.org/10.3171/jns.1998.88.2.0331
https://doi.org/10.1007/s007760050129
https://doi.org/10.1007/s007760050129
https://doi.org/10.1097/00006123-199905000-00112
https://doi.org/10.3171/foc.1999.7.5.9
https://doi.org/10.1007/s007010050396
https://doi.org/10.1097/00006123-200006000-00024
https://doi.org/10.1097/00006123-200002000-00046
https://doi.org/10.1097/
00006123-200002000-00044
https://doi.org/10.1097/
00006123-200002000-00044
https://doi.org/10.1097/00007632-200008010-00019
https://doi.org/10.1007/s002340000469
https://doi.org/10.1007/s002340000469
https://doi.org/10.1097/00007632-200110150-00030
https://doi.org/10.2176/nmc.41.508
https://doi.org/10.1007/s001150050776
https://doi.org/10.1212/WNL.56.7.977
https://doi.org/10.1097/00007632-200105010-00022
https://doi.org/10.1054/jocn.2000.0819
https://doi.org/10.1007/s007010170096
https://doi.org/10.1007/s007010200044
https://doi.org/10.1007/s007010200044
https://doi.org/10.1080/0268869021000030960
https://doi.org/10.1097/00007632-200205010-00025
https://doi.org/10.1097/00024720-200306000-00013
https://doi.org/10.2176/nmc.43.364
https://doi.org/10.1097/00024720-
200306000-00011
https://doi.org/10.1097/00024720-
200306000-00011


9

Bartels et al. Pathogenesis of Idiopathic Ventral Herniation of the SC

Frontiers in Neurology | www.frontiersin.org September 2017 | Volume 8 | Article 476

71. Aquilina K, Nanra JS, Rawluk D. Idiopathic spinal cord hernia. Ir Med J (2004) 
97:115–6. 

72. Gwinn R, Henderson F. Transdural herniation of the thoracic spinal cord: 
untethering via a posterolateral transpedicular approach. Report of three 
cases. J Neurosurg Spine (2004) 1:223–7. doi:10.3171/spi.2004.1.2.0223 

73. Maruichi K, Hida K, Seki T, Iwasaki Y. [Idiopathic spinal cord herniation 
which extended remarkably up- and downward from dural defect: case 
report]. No Shinkei Geka (2004) 32:509–12. 

74. Mejdoubi MSE. Spinal cord herniation. Hernie médullaire. J Neuroradiol 
(2004) 36:117–9. doi:10.1016/j.neurad.2008.06.006 

75. Najjar MW, Baeesa SS, Lingawi SS. Idiopathic spinal cord herniation: a new 
theory of pathogenesis. Surg Neurol (2004) 62:161–70; discussion 170–161. 
doi:10.1016/j.surneu.2003.10.030 

76. Rivas JJ, De La Lama A, Gonzilez P, Ramos A, Zurdo M, Alday R. 
Hernia medular espontánea. Neurocirugia (2004) 15:484–9. doi:10.1016/
S1130-1473(04)70464-9 

77. Saito T, Anamizu Y, Nakamura K, Seichi A. Case of idiopathic thoracic spinal 
cord herniation with a chronic history: a case report and review of the litera-
ture. J Orthop Sci (2004) 9:94–8. doi:10.1007/s00776-003-0730-y 

78. Spissu A, Peltz MT, Matta G, Cannas A. Traumatic transdural spinal cord 
herniation and the nuclear trail sign: case report. Neurol Sci (2004) 25:151–3. 
doi:10.1007/s10072-004-0251-2 

79. Taghipour M, Zamanizadeh B, Zare Z, Haghnegahdar A, Javadi S. Herniation 
of the spinal cord. Case report and review of the literature. Neurosurg Q (2004) 
14:105–7. doi:10.1097/01.wnq.0000126696.94879.8c 

80. Ammar KN, Pritchard PR, Matz PG, Hadley MN. Spontaneous thoracic spinal 
cord herniation: three cases with long-term follow-up. Neurosurgery (2005) 
57:E1067; discussion E1067. doi:10.1227/01.NEU.0000180016.69507.e0 

81. Ferré JC, Carsin-Nicol B, Hamlat A, Carsin M, Morandi X. MR imaging fea-
tures of idiopathic thoracic spinal cord herniations using combined 3D-fiesta 
and 2D-PC Cine techniques. J Neuroradiol (2005) 32:125–30. doi:10.1016/
S0150-9861(05)83127-X 

82. Karadeniz-Bilgili MY, Castillo M, Bernard E. Transdural spinal cord herni-
ation: pre- and postoperative MRI findings. Clin Imaging (2005) 29:288–90. 
doi:10.1016/j.clinimag.2004.09.001 

83. Sugimoto T, Kasai Y, Takegami K, Morimoto R, Maeda M, Uchida A. A case of 
idiopathic spinal cord herniation with duplicated dura mater. J Spinal Disord 
Tech (2005) 18:106–11. doi:10.1097/01.bsd.0000123427.12852.ae 

84. Arts MP, Lycklama a Nijeholt G, Wurzer JA. Surgical treatment of idiopathic 
transdural spinal cord herniation: a new technique to untether the spinal 
cord. Acta Neurochir (Wien) (2006) 148:1005–9. doi:10.1007/s00701-006- 
0783-8 

85. Bandai H, Ohara Y, Dei F, Mitsuoka H, Bando K. [A case of idiopathic thoracic 
spinal cord herniation]. No To Shinkei (2006) 58:893–7. 

86. Barrenechea IJ, Lesser JB, Gidekel AL, Turjanski L, Perin NI. Diagnosis and 
treatment of spinal cord herniation: a combined experience. J Neurosurg Spine 
(2006) 5:294–302. doi:10.3171/spi.2006.5.4.294 

87. Darbar A, Krishnamurthy S, Holsapple JW, Hodge  CJ Jr. Ventral thoracic 
spinal cord herniation: frequently misdiagnosed entity. Spine (Phila Pa 1976) 
(2006) 31:E600–5. doi:10.1097/01.brs.0000229247.69171.a1 

88. Ellger T, Schul C, Heindel W, Evers S, Ringelstein EB. Idiopathic spinal 
cord herniation causing progressive Brown-Sequard syndrome. Clin Neurol 
Neurosurg (2006) 108:388–91. doi:10.1016/j.clineuro.2004.07.005 

89. Inoue A, Kohno K, Takeda T, Okuda B, Takechi A, Kohno K, et al. [A case of 
high-aged idiopathic spinal cord herniation from dural defect]. No Shinkei 
Geka (2006) 34:627–31. 

90. Maira G, Denaro L, Doglietto F, Mangiola A, Colosimo C. Idiopathic spinal 
cord herniation: diagnostic, surgical, and follow-up data obtained in five cases. 
J Neurosurg Spine (2006) 4:10–9. doi:10.3171/spi.2006.4.1.10 

91. Morley S, Naidoo P, Robertson A, Chong W. Thoracic ventral dural defect: 
idiopathic spinal cord herniation. Australas Radiol (2006) 50:168–70. 
doi:10.1111/j.1440-1673.2006.01547.x 

92. Saito A, Takahashi T, Sato S, Kumabe T, Tominaga T. Modified surgical tech-
nique for the treatment of idiopathic spinal cord herniation. Minim Invasive 
Neurosurg (2006) 49:120–3. doi:10.1055/s-2006-932171 

93. van den Hauwe L, Van Goethem JW, Goedseels K, Merlevede K, Degryse H, 
Parizel PM. Thoracic spinal cord herniation and arachnoid cyst. JBR-BTR 
(2006) 89:150–1. 

94. Akaza M, Tsunemi T, Hotate M, Toru S, Mizusawa H. Spinal cord hernia-
tion which manifested stepwise deterioration. Intern Med (2007) 46:537–8. 
doi:10.2169/internalmedicine.46.6370 

95. Kim JM, Oh SH, Kim KJ, Park SH, Park KS. Idiopathic spinal cord herniation 
as a treatable cause of progressive Brown-Sequard syndrome. J Clin Neurol 
(2007) 3:204–7. doi:10.3988/jcn.2007.3.4.204 

96. Blasel S, Elke H, Baas H, Zanella F, Weidauer S. Spontaneous spinal cord 
herniation: MR imaging and clinical features in six cases. Clin Neuroradiol 
(2008) 18:224–30. doi:10.1007/s00062-008-8028-2 

97. Gandhi D, Goyal M, Bourque PR. Case 138: idiopathic spinal cord hernia-
tion. Radiology (2008) 249:384–8. doi:10.1148/radiol.2491020676 

98. Ishida M, Maeda M, Kasai Y, Uchida A, Takeda K. Idiopathic spinal cord 
herniation through the inner layer of duplicated anterior dura: evaluation 
with high-resolution 3D MRI. J Clin Neurosci (2008) 15:933–7. doi:10.1016/j.
jocn.2006.10.024 

99. Uhl E, Holtmannspotter M, Tonn JC. Improvement of Brown-Sequard syn-
drome after surgical repair of an idiopathic thoracic spinal cord herniation. 
J Neurol (2008) 255:125–6. doi:10.1007/s00415-008-0553-z 

100. Chaichana KL, Sciubba DM, Li KW, Gokaslan ZL. Surgical management of 
thoracic spinal cord herniation: technical consideration. J Spinal Disord Tech 
(2009) 22:67–72. doi:10.1097/BSD.0b013e318165fe2a 

101. Groen RJ, Middel B, Meilof JF, De Vos-Van De Biezenbos JB, Enting RH, 
Coppes MH, et  al. Operative treatment of anterior thoracic spinal cord 
herniation: three new cases and an individual patient data meta-analysis of 
126 case reports. Neurosurgery (2009) 64:ons145–59; discussion ons159–60. 
doi:10.1227/01.NEU.0000327686.99072.E7 

102. Imagama S, Matsuyama Y, Sakai Y, Nakamura H, Katayama Y, Ito Z, et al. 
Image classification of idiopathic spinal cord herniation based on symptom 
severity and surgical outcome: a multicenter study. J Neurosurg Spine (2009) 
11:310–9. doi:10.3171/2009.4.SPINE08691 

103. Selviaridis P, Balogiannis I, Foroglou N, Hatzisotiriou A, Patsalas I. 
Spontaneous spinal cord herniation: recurrence after 10 years. Spine J (2009) 
9:e17–9. doi:10.1016/j.spinee.2008.03.013 

104. Bustamente-Vidales JC, Kleriga-Grossgere E, Zambito-Brondo GF, Garcia-
Moreno CM. Hernación medular transdural idiopática. Informe de dos casos 
y revisión de la literatura. Cir Cir (2010) 78:251–5. 

105. Fallah A, Fehlings MG. Congenital ventral thoracic spinal cord herniation. 
Can J Neurol Sci (2010) 37:271–2. doi:10.1017/S0317167100010052 

106. Shin JH, Krishnaney AA. Idiopathic ventral spinal cord herniation: 
a rare presentation of tethered cord. Neurosurg Focus (2010) 29:E10. 
doi:10.3171/2010.3.FOCUS1089 

107. Zairi F, Thines L, Bourgeois P, Dereeper O, Assaker R. Spinal cord herniation: 
a misdiagnosed and treatable cause of thoracic myelopathy. Acta Neurochir 
(Wien) (2010) 152:1991–6. doi:10.1007/s00701-010-0773-8 

108. Aydin AL, Sasani M, Erhan B, Sasani H, Ozcan S, Ozer AF. Idiopathic 
spinal cord herniation at two separate zones of the thoracic spine: the first 
reported case and literature review. Spine J (2011) 11:e9–14. doi:10.1016/j.
spinee.2011.07.003 

109. Nakamura M, Fujiyoshi K, Tsuji O, Watanabe K, Tsuji T, Ishii K, et al. Long-
term surgical outcomes of idiopathic spinal cord herniation. J Orthop Sci 
(2011) 16:347–51. doi:10.1007/s00776-011-0065-z 

110. Singh P, Vyas S, Gogoi D, Khandelwal N. Idiopathic spinal cord hernia-
tion. Ann Indian Acad Neurol (2011) 14:136–7. doi:10.4103/0972-2327. 
82814 

111. Akutsu H, Takada T, Nakai K, Tsuda K, Sakane M, Aita I, et al. Surgical tech-
nique for idiopathic spinal cord herniation: the Hammock method. Technical 
note. Neurol Med Chir (Tokyo) (2012) 52:238–42. doi:10.2176/nmc.52.238 

112. Batzdorf U, Holly LT. Idiopathic thoracic spinal cord herniation: report of 
10 patients and description of surgical approach. J Spinal Disord Tech (2012) 
25:157–62. doi:10.1097/BSD.0b013e31823d79f6 

113. Brus-Ramer M, Dillon WP. Idiopathic thoracic spinal cord herniation: 
retrospective analysis supporting a mechanism of diskogenic dural injury 
and subsequent tamponade. AJNR Am J Neuroradiol (2012) 33:52–6. 
doi:10.3174/ajnr.A2730 

114. Choradia M. Idiopathic spinal cord herniation. Neurol India (2012) 60:342–3. 
doi:10.4103/0028-3886.98535 

115. Kasliwal MK, O’Toole JE, Deutsch H. Unilateral paramedian transpedicular 
approach for repair of anterior transdural spinal cord herniation: report 

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.3171/spi.2004.1.2.0223
https://doi.org/10.1016/j.neurad.2008.06.006
https://doi.org/10.1016/j.surneu.2003.10.030
https://doi.org/10.1016/S1130-1473(04)70464-9
https://doi.org/10.1016/S1130-1473(04)70464-9
https://doi.org/10.1007/s00776-003-0730-y
https://doi.org/10.1007/s10072-004-0251-2
https://doi.org/10.1097/01.wnq.0000126696.94879.8c
https://doi.org/10.1227/01.NEU.0000180016.69507.e0
https://doi.org/10.1016/S0150-9861(05)83127-X
https://doi.org/10.1016/S0150-9861(05)83127-X
https://doi.org/10.1016/j.clinimag.2004.09.001
https://doi.org/10.1097/01.bsd.0000123427.12852.ae
https://doi.org/10.1007/s00701-006-0783-8
https://doi.org/10.1007/s00701-006-0783-8
https://doi.org/10.3171/spi.2006.5.4.294
https://doi.org/10.1097/01.brs.0000229247.69171.a1
https://doi.org/10.1016/j.clineuro.2004.07.005
https://doi.org/10.3171/spi.2006.4.1.10
https://doi.org/10.1111/j.1440-1673.2006.01547.x
https://doi.org/10.1055/s-2006-932171
https://doi.org/10.2169/internalmedicine.46.6370
https://doi.org/10.3988/jcn.2007.3.4.204
https://doi.org/10.1007/s00062-008-8028-2
https://doi.org/10.1148/radiol.2491020676
https://doi.org/10.1016/j.jocn.2006.10.024
https://doi.org/10.1016/j.jocn.2006.10.024
https://doi.org/10.1007/s00415-008-0553-z
https://doi.org/10.1097/BSD.0b013e318165fe2a
https://doi.org/10.1227/01.NEU.0000327686.99072.E7
https://doi.org/10.3171/2009.4.SPINE08691
https://doi.org/10.1016/j.spinee.2008.03.013
https://doi.org/10.1017/S0317167100010052
https://doi.org/10.3171/2010.3.FOCUS1089
https://doi.org/10.1007/s00701-010-0773-8
https://doi.org/10.1016/j.spinee.2011.07.003
https://doi.org/10.1016/j.spinee.2011.07.003
https://doi.org/10.1007/s00776-011-0065-z
https://doi.org/10.4103/0972-2327.82814
https://doi.org/10.4103/0972-2327.82814
https://doi.org/10.2176/nmc.52.238
https://doi.org/10.1097/BSD.0b013e31823d79f6
https://doi.org/10.3174/ajnr.A2730
https://doi.org/10.4103/0028-3886.98535


10

Bartels et al. Pathogenesis of Idiopathic Ventral Herniation of the SC

Frontiers in Neurology | www.frontiersin.org September 2017 | Volume 8 | Article 476

of a case and literature review. Asian Spine J (2012) 6:55–9. doi:10.4184/
asj.2012.6.1.55 

116. Novak K, Widhalm G, De Camargo AB, Perin N, Jallo G, Knosp E, et al. The 
value of intraoperative motor evoked potential monitoring during surgical 
intervention for thoracic idiopathic spinal cord herniation. J Neurosurg Spine 
(2012) 16:114–26. doi:10.3171/2011.10.SPINE11109 

117. Taylor TR, Dineen R, White B, Jaspan T. The thoracic anterior spinal cord 
adhesion syndrome. Br J Radiol (2012) 85:e123–9. doi:10.1259/bjr/81458631 

118. Vergeer RA, Groen RJ. [Anterior thoracic transdural spinal cord herniation: 
a sporadic, treatable cause of progressive myelopathy]. Ned Tijdschr Geneeskd 
(2012) 156:A4824. 

119. Goetti R, Wille D, Kretzschmar U, Klein A, Scheer I. Idiopathic spinal cord 
herniation: first reported case in a child. JAMA Neurol (2013) 70:125–6. 
doi:10.1001/jamaneurol.2013.586 

120. Krishnan P, Kartikueyan R, Chowdhury D, Saha M. Ventral herniation of the 
dorsal spinal cord: a rare cause of myelopathy. Neurol India (2013) 61:453–4. 
doi:10.4103/0028-3886.117610 

121. Berg-Johnsen J, Ilstad E, Kolstad F, Zuchner M, Sundseth J. Idiopathic 
ventral spinal cord herniation: an increasingly recognized cause of thoracic 
myelopathy. J Cent Nerv Syst Dis (2014) 6:85–91. doi:10.4137/JCNSD.S16180 

122. Castelnovo G, Hladky JP, Renard D. Spontaneous transdural spinal cord 
herniation. Neurology (2014) 82:1290. doi:10.1212/WNL.0000000000000286 

123. De Souza RB, De Aguiar GB, Daniel JW, Veiga JC. The pathophysiology, 
classification, treatment, and prognosis of a spontaneous thoracic spinal 
cord herniation: a case study with literature review. Surg Neurol Int (2014) 
5:S564–6. doi:10.4103/2152-7806.148042 

124. Haber MD, Nguyen DD, Li S. Differentiation of idiopathic spinal cord herni-
ation from CSF-isointense intraspinal extramedullary lesions displacing the 
cord. Radiographics (2014) 34:313–29. doi:10.1148/rg.342125136 

125. Manda VVS, Kuppili VR, Vasupalli R, Devaguptapu SGR. Idiopathic spinal 
cord herniation syndrome: a case report. Int J Res Med Sci (2014) 2:1144–6. 
doi:10.5455/2320-6012.ijrms20140818 

126. McCormick PC. Release and repair of a ventral thoracic spinal cord her-
niation. Neurosurg Focus (2014) 37(Suppl 2):Video 5. doi:10.3171/2014.
V3.FOCUS14266 

127. Tandon AS, Saxena D. Idiopathic spinal cord herniation. Hong Kong J Radiol 
(2014) 17:e5–8. doi:10.12809/hkjr1412144 

128. Carter BJ, Griffith BD, Schultz LR, Abdulhak MM, Newman DS, Jain R. 
Idiopathic spinal cord herniation: an imaging diagnosis with a significant 
delay. Spine J (2015) 15:1943–8. doi:10.1016/j.spinee.2015.04.013 

129. Samuel N, Goldstein CL, Santaguida C, Fehlings MG. Spontaneous resolu-
tion of idiopathic thoracic spinal cord herniation: case report. J Neurosurg 
Spine (2015) 23:306–8. doi:10.3171/2014.12.SPINE14950

130. Sensenig EC. The Early Development of the Meninges of the Spinal Cord 
in Human Embryos. (Vol. 34). Washington: Publications of the Carnegie 
Institution of Washington (1951). p. 145–57.

131. O’Rahilly R, Meyer DB. The timing and sequence of events in the develop-
ment of the human vertebral column during the embryonic period proper. 
Anat Embryol (Berl) (1979) 157:167–76. doi:10.1007/BF00305157 

132. O’Rahilly R, Muller F. The meninges in human development. J Neuropathol 
Exp Neurol (1986) 45:588–608. doi:10.1097/00005072-198609000-00008 

133. van Dun PLS, Girardin MRG. Embryological study of the spinal dura and 
its attachment into the vertebral canal. Int J Osteopath Med (2006) 9:85–93. 
doi:10.1016/j.ijosm.2006.07.002 

134. Hochstetter F. Über die Entwicklung und Differenzierung der Hüllen des 
Rückenmarkes beim Menschen. Morphol Jahrb (1934) 74:1–104. 

135. Blechschmidt E, Gasser RF. Biokinetics and Biodynamics of Human 
Differentiation. Priciples and Applications. Berkeley, CA, USA: North Atlantic 
Books (2012).

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Bartels, Brunner, Hosman, van Alfen and Grotenhuis. This is an 
open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original publica-
tion in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.4184/asj.2012.6.1.55
https://doi.org/10.4184/asj.2012.6.1.55
https://doi.org/10.3171/2011.10.SPINE11109
https://doi.org/10.1259/bjr/81458631
https://doi.org/10.1001/jamaneurol.2013.586
https://doi.org/10.4103/0028-3886.117610
https://doi.org/10.4137/JCNSD.S16180
https://doi.org/10.1212/WNL.0000000000000286
https://doi.org/10.4103/2152-7806.148042
https://doi.org/10.1148/rg.342125136
https://doi.org/10.5455/2320-6012.ijrms20140818
https://doi.org/10.3171/2014.V3.FOCUS14266
https://doi.org/10.3171/2014.V3.FOCUS14266
https://doi.org/10.12809/hkjr1412144
https://doi.org/10.1016/j.spinee.2015.04.013
https://doi.org/10.3171/2014.12.SPINE14950%0D
https://doi.org/10.1007/BF00305157
https://doi.org/10.1097/00005072-198609000-00008
https://doi.org/10.1016/j.ijosm.2006.07.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The Pathogenesis of Ventral Idiopathic Herniation of the Spinal Cord: A Hypothesis Based on the Review of the Literature
	Introduction
	Methods
	Results
	Case 1
	Case 2

	Review of the Literature and all Cases
	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


