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Abstract

Vertebral limbus is a condition characterized by the intraspongious herniation of a portion of the nucleus
pulposus. It is often asymptomatic, but it can sometimes cause nonspecific symptoms such as local pain and
muscle spasm, or, in rare cases, radiculopathies, which is why it can be confused with vertebral fractures,
spondyloarthropathies, infectious or tumoral processes. Early recognition of this pathology is preferable for
a correct diagnosis and adequate treatment, the latter ranging from conservative approaches (such as
personalized exercise programs and physical therapy) to surgical interventions reserved for severe cases
with nerve compression.

Categories: Anatomy, Radiology, Orthopedics
Keywords: magnetic resonance imaging, ct (computed tomography) imaging, trauma & orthopedics, medical imaging
diagnosis, bony fragment, spine, limbus vertebra

Introduction And Background

Vertebral limbus is a condition characterized by the marginal intraosseous herniation of a portion of the
nucleus pulposus, which is often asymptomatic, but it can cause nonspecific symptoms such as pain,
localized muscle spasms, and radiculopathy. Vertebral limbus was first described by C.G. Schmorl in 1927,
and its prevalence remains unknown [1]. The characteristic radiological appearance is represented by a
detached bony fragment, triangular in shape, with sclerotic margins, usually at the level of the
anterosuperior vertebral corner [1,2]. This review aims to revisit key aspects of vertebral limbus, from its
suspected origins in immature spine trauma to its radiographic hallmarks, varied clinical manifestations,
and treatment options.

Review
Anatomy and physiopathology

Normally, the developing cartilaginous endplate (usually ossifying between six to nine years old), fuses
completely with the main body of the vertebra by 18 to 20 years old. Vertebral limbus forms when a portion
of the nucleus pulposus from an intervertebral disc pushes through a weak spot in the adjacent (frequently
lower) vertebra. Thus, the prolapsed disc material prevents the physiological fusion of the endplate and the
vertebral body, causing the endplate to develop as a separate, triangular bone fragment [3].

While the research on limbus vertebra's etiology is ongoing, literature studies have listed biomechanical
factors such as the COL11A1 gene [4], genetic predisposition [5,6], developmental abnormalities [7], and
sporting experience [2] as possible contributive aspects.

Clinical presentation and diagnosis

Vertebral limbus often presents a hidden challenge due to its diverse clinical picture. While asymptomatic
cases are not uncommon, symptomatic individuals can experience a range of complaints, mainly low back
pain, muscle spasms, and stiffness, further hindering mobility. In some cases [8-11], patients might
experience radiculopathy, leading to pain, numbness, or tingling in specific leg regions due to nerve
compression. The location of the limbus fragment plays a crucial role in symptom generation. Posterior
vertebral limbus, due to its proximity to spinal nerve roots, is more likely to cause nerve compression and
the associated radiating pain [11-13].

However, the non-specific nature of these symptoms often leads to confusion with other spinal conditions,
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highlighting the crucial role of accurate diagnosis to guide proper management.

When it comes to diagnosis, X-rays are the first line of investigation. Typically, X-ray reveals a characteristic
triangular bone fragment with clear borders. This fragment sits adjacent to a corresponding defect in the
vertebral body, but the fragment size often doesn't perfectly match the defect. Younger patients can present
with more challenging aspects. In children and adolescents, the fragment might appear irregular and
blurred, potentially mimicking infections or tumors [14]. Posterior vertebral limbus manifests as a bone
defect in the posterior corner of the vertebral body along with a wedge-shaped osseous fragment behind or
extending from the vertebral endplate. Usually, no additional tests are needed to make the diagnostic, except
in the case of atypical images.

On computed tomography (CT) scans, vertebral limbus presents with characteristic findings that aid in
diagnosis. The key feature is a well-defined, triangular, or round bone fragment adjacent to the
anterosuperior corner of a vertebral body, most commonly in the mid-lumbar spine, but it can also be
located near the inferior and posterior margins and at different vertebral levels [15]. This fragment exhibits
sclerotic margins and appears distinct from the nearby vertebra, which shows an irregular-bordered defect
related to the fragment's location (Figure 7). An anterior osteophyte that appears in a degenerative context
is frequently included in the differential diagnosis, favoring factors being the absence of trauma and
symptoms, as well as other findings of discarthrosis [16] (Figure 2). In cases of posterior limbus vertebra CT
is the best option for depicting the bony defect in the posterior corner of the vertebral body and the
retropulsed limbus fragment both on axial images and sagittal reformats [8].

FIGURE 1: Sagittal (A), axial (B), and volume-rendered 3D reformatted
images (C) show an L4 limbus vertebra with a bony triangular fragment
(arrow) and sclerotic margins located adjacent to the anterosuperior
corner of the L4 vertebral body.

The image credits belong to the authors.
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FIGURE 2: CT scan sagittal (A), axial (B), and volume-rendering (C)
reconstructions of a patient with degenerative changes in the lumbar
spine. At the level of the antero-inferior corner of the L5 vertebra, a
triangular bone projection (arrow) is seen, almost completely separated
from the vertebral body, pointing towards the likelihood of an
osteophyte. Note other small anterosuperior osteophytes located at L4
and L5 levels.

The image credits belong to the authors.

Magnetic resonance imaging (MRI) plays an important role in detecting and characterizing vertebral limbus,
offering superior visualization compared to X-rays. Key findings on MRI include a bony fragment developed
adjacent to a corner of the vertebral plate, also revealing the absence of bone edema, ruling out fractures
(Figure 3, Figure 4). A significant advantage of spine MRI is the superior evaluation of intraspinal lesions
and the degree of associated spinal stenosis [17].

FIGURE 3: Sagittal (A) and axial T2-weighted (B) images show a
detached fragment (arrow) at the level of the antero-inferior corner of
the L2 vertebra, due to the intraosseous herniation of an adjacent
portion of the nucleus pulposus

The image credits belong to the authors.
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FIGURE 4: Sagittal T2 (A) and T1 (B), and axial T2-weighted (C) images
show a subchondral geode (thick arrow) in the superior plateau of the
L2 vertebra, which associates a small disc herniation and posterior
limbus of the superior vertebral corner (thin arrow).

The image credits belong to the authors.

In many cases, patients with limbus vertebra have concurrent Schmorl nodes (cephalad or caudad
intravertebral disc herniation). These can occur due to the close relationship between the pathogenesis of
the two types of lesions. Schmorl nodes are best visualized on sagittal series and frequently have similar
signal intensity to the nearby intervertebral disc, and a very thin peripheral rim of osteosclerosis [18]. In
cases of acute herniation, the surrounding bone may exhibit marrow edema and peripheral enhancement. At
times, the gas extrusion sign may be identified [13,18].

There are also some limitations in the identification of limbus vertebra through MRI. When the bone
fragment is large enough, the central marrow fat hypersignal on T1- and T2-weighted images allows for
correct diagnosis. However, when the lesion is small and only cortical bone is present, the low signal
intensity limbus fragment is often difficult to evaluate and can be mistaken for osteophytes, disc
calcifications, or focal ossifications of the anterior longitudinal ligament, thus leading to an inaccurate
diagnosis. The careful distinction of the direction of disc herniation, whether intravertebral through the ring
physis or intraspinal through the posterior annulus fibrosus, is the key to accurate diagnosis of posterior
limbus vertebra [19].

Management strategies

While conservative therapy remains the mainstay for symptomatic vertebral limbus, the potential benefits of
specific interventions like balneotherapy and kinesiotherapy warrant further exploration [20].

Tailored exercise programs incorporating core strengthening, flexibility, and postural correction can lead to
significant pain reduction and improved functional capacity [21]. Similarly, analgesic and anti-inflammatory
effects of warm water therapy, particularly when combined with physical therapy exercises show definitive
potential [21,22].

However, in cases of posterior limbus vertebra associated with nerve root compression or when conservative
treatment fails, surgical interventions may also be considered. The exact surgical approach depends on
various factors, including the location and size of the fragment, the presence of instability, and associated
pathologies. Any and all anatomical variants and morphological features of the spine, musculature, vessels,
and adjacent structures should be adequately reported when surgery is considered, in order to prevent
intraoperative accidents [23-25]. Preoperative planning using dedicated Al-enhanced software and
intraoperative 3D visualization of patient imaging can increase the success rate of the surgical approach [26-
29]. Using 3D-printed models may be of particular use when important spine deformities are associated [30-
34]. Orthopedic surgeons should also consider that nerve injury can occur during treatment and is
dependent on the surgical approach, patient risk factors, and initial severity of neurological deficit [35,36].
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Discussions

The early development phases of vertebral limbus occur during childhood and adolescence, a period marked
by the ossification of vertebral apophyses that eventually fuse with the vertebral body by adulthood [13].
Thus, vertebral limbus is a consequence of immature spine trauma. Vertebral apophyses ossify during
childhood and adolescence until they eventually fuse with the vertebral body through skeletal maturation
around the age of 18 [37]. During this vulnerable period, chronic stress, trauma, or congenital abnormalities
can lead to an intraosseous marginal herniation of the nucleus pulposus between the annulus fibrosus and
the adjacent vertebral body, resulting in anterior or posterior vertebral limbus. The separated fragment
represents a segment of the annulus fibrosus that ossifies separately without fusing with the rest of the
vertebra [38,39].

In most cases, it affects the anterosuperior corner of a single vertebra, usually at the level of the lumbar
spine, but it can also be found in the inferior and posterior portions of any vertebral body. It is thought that
vertebral limbus is frequently located at the anterosuperior edge of the vertebral body, secondary to the fact
that the superior vertebrae are smaller than the adjacent inferior ones. During loading of the back in flexion,
it is likely that the anterior portion of the intervertebral disc is forced into the superior plate of the
underlying vertebra [40].

Vertebral limbus may not be an isolated entity. A review of the literature shows studies suggesting that it is
not uncommon for vertebral limbus, Schmorl nodes (i.e. disc herniations within the vertebral body), and
atypical Scheuermann's disease (i.e. growth plate irregularities in the spine) to coexist in the same patient
[18,40-42]. In their study, Huang et al. found concurrent vertebral limbus and Schmorl’s nodes in 32% of the
patients included in the study [8].

The pathophysiology of vertebral limbus is similar to that of Schmorl nodes and Scheuermann's disease, in
which nuclear material herniates more centrally and at multiple lower thoracic levels [18,43]. This
association relies on a similar underlying mechanism, i.e. a weakness in the vertebral endplate, the bony
interface between the disc and the vertebral body. This vulnerability allows for disc material to protrude
inwards in various ways. When the protrusion occurs centrally and at multiple lower thoracic levels, it
manifests as Schmorl nodes. If the weakness is localized at the junction between the cartilaginous endplate
and the bony rim, especially under increased axial loading, a vertebral limbus can develop. This shared
mechanism explains why young individuals are more susceptible to these types of intravertebral disc
herniations compared to the more common intraspinal disc herniations [42].

Most patients with vertebral limbus are asymptomatic and it is often an incidental finding on a lateral
radiograph of the spine. However, a review of the literature revealed atypical variants that presented with
acute or chronic low back pain, paraspinal muscle spasms, and radiculopathies [5,11], or mimicking fractures
[44,45]. Posterior vertebral limbus is more likely to be symptomatic because it can cause spinal nerve root
compression [3,8,9,46].

The search for the root cause of vertebral limbus has led researchers to explore various risk factors, such as
genetic predisposition. For instance, the TT genotype of the COL11A1 gene is associated with decreased
resistance of the growth plate [4]. Additional risk factors may be represented by patient engagement in high-
performance sports starting at a young age where the risk of developing degenerative disc disease is higher
[17].

Additionally, engagement in high-impact sports during childhood and adolescence could lead to an
increased risk of developing degenerative disc disease, potentially favoring vertebral limbus formation [2,5-

7.

The typical radiographic appearance of vertebral limbus in adults is a small, triangular, or round bone
fragment with sclerotic borders. The adjacent vertebral body has a bone defect with sclerotic and irregular
margins that does not completely correspond to the fragment described above. Further imaging studies are
used when the radiographic diagnosis is uncertain, especially in cases of posterior vertebral limbus, in which
the lower lumbar vertebrae overlap with other pelvic structures [40].

Plain X-ray films show significant limitations and may only correctly diagnose posterior limbus vertebra in
up to 50% of cases. The main failures are recorded at the level of L5 and S1 vertebrae, due to the
superimposition of the pelvic bones and relatively small lesion sizes that are difficult to visualize, therefore
superior imaging methods might be required for a correct diagnosis [47].

MRI emerged as a valuable tool for diagnosing vertebral limbus by successfully describing its characteristic
appearances [48]. Key advantages of MRI over X-rays are its ability to differentiate vertebral limbus from a
vertebral body avulsion fracture and provide additional information about intervertebral disc pathology, the
spinal canal, and the presence or absence of inflammation and bone edema [49].

The differential diagnosis of vertebral limbus includes vertebral fractures, focal calcifications of the anterior
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and posterior longitudinal ligaments, infectious processes, calcifications of the intervertebral discs, tumoral
masses, Schmorl nodes, and vertebral osteophytes [45,50].

Vertebral Fractures

While both vertebral limbus and fractures might appear as bone fragments on X-rays, the presence of
sclerotic margins in the case of vertebral limbus helps to differentiate it from an acute vertebral avulsion
fracture.

Calcifications

Calcifications in ligaments or discs can mimic the appearance of vertebral limbus on X-rays. However, a
careful evaluation by a radiologist and potentially an MRI scan can help differentiate between the two
entities.

Infectious Processes

Infections of the spine are relatively uncommon, but they can sometimes present with features similar to
vertebral limbus. The absence of abnormal contrast enhancement helps differentiate limbus vertebra from
infectious processes or tumoral masses.

Tumors

Spinal tumors represent an important differential diagnosis, especially if they show calcifications, such as in
the case of meningiomas. While X-rays may not be ideal in establishing a definitive diagnosis, MRI is highly
effective in identifying the relevant imaging features, such as contrast enhancement, solid component,
restricted diffusion, and other factors, therefore allowing for proper distinction from vertebral limbus.

Osteophytes

Osteophytes are bony outgrowths that can develop on the edges of the vertebrae. While they don't typically
cause symptoms on their own, they can sometimes be confused with vertebral limbus on X-rays. However,
their location (typically on the edges of the vertebral body) and the absence of a corresponding defect
usually help in the differential diagnosis.

When vertebral limbus is an incidental finding and the patient is asymptomatic, no treatment is necessary.
For symptomatic patients, treatment is generally limited to conservative measures. The therapy focuses on
pain relief and management using medications like muscle relaxants, pain relievers, and non-steroidal anti-
inflammatory drugs. Physical therapy (kinesitherapy) plays a crucial role in strengthening core muscles and
improving spinal flexibility, ultimately reducing pain and preventing future issues [51-53]. Additionally,
balneotherapy, a form of spa therapy that utilizes mineral-rich waters and therapeutic baths, might offer
additional benefits in managing pain and promoting healing [22,54-56]. Investigating the potential
synergistic effects of combining balneotherapy and kinesitherapy could prove valuable in managing pain
and improving long-term outcomes. Some studies report successful conservative management for
asymptomatic cases and those with mild symptoms [46,57,58]. The patients with large apophyseal fragments
had a greater chance of poor results.

Surgical management is rarely indicated and should only be considered in cases that cause nerve
compression with refractory radiculopathy that fails to respond to conservative measures. Several surgical
options exist, each with its own advantages and disadvantages:

Laminectomy

Laminectomy refers to the removal of the vertebral lamina in order to access and eliminate the determining
factor of nerve compression [8]. A combination with the removal of herniated disc material might be
appropriate in order to achieve supplementary decompression [59]. The decision to remove the limbus
fragment alongside the disc remains a topic of debate. Some studies report better outcomes when the
fragment is removed along with the disc, as leaving a mobile fragment might impinge on nerves and cause
persistent pain [57,59,60]. Several techniques have been described for limbus fragment removal. Scarfo et al.
[59] utilized a microdrill to break down and remove the fragment, while Asazuma et al. [61] employed a
specialized tool called a shoe-shaped double-ended impactor to safely remove the fragment while protecting
surrounding nerves and the spinal sac. Extended laminectomy might be needed for wider exposure, as shown
by Krishnan et al. [60], where partial laminectomy was not adequate and total laminectomy was required to
properly remove the fragments. Arthrodesis might be considered for added stability after extensive
laminectomy [47,61-64].

Removal of Mobile Fragment Only
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A less invasive approach involves only removing the mobile fragment of the limbus that is compressing the
nerve [3,39]. This can be performed through a smaller incision and offers faster recovery times. Akhaddar et
al. [39] suggest leaving immobile fragments in place and focusing on removing only mobile fragments that
might impinge on nerves. Some patients might experience persistent low back pain after surgery if the
limbus fragment is not addressed.

Discectomy and Fusion

In cases where the vertebral limbus is accompanied by a disc herniation and spinal instability, a discectomy
and fusion might be necessary to address both issues and provide long-term stability [65]. Reports are
generally showing good to excellent outcomes following surgery for posterior limbus vertebra. Recovery time
and residual symptoms can vary depending on the severity of the case and the presence of a limbus

fragment does not necessarily lead to a worse prognosis [39,57,61,63]. If significant bone defects are present
due to trauma or associated pathologies, vertebroplasty can be performed using adequate medical-grade
compounds [66-68]. Robotic surgery can also be considered as it is emerging as a safe, reliable technique and
is increasingly applied in all surgical areas [69-71].

Vertebroplasty and Kyphoplasty

This minimally invasive procedure involves injecting medical-grade bone cement into the vertebral body to
stabilize it. It can be considered in cases with significant bone defects due to trauma or associated
pathologies and holds the potential to reduce pain and improve spinal stability. Kyphoplasty involves the
additional step of creating a cavity for cement injection. While smaller lytic benign tumors might benefit
from treatment with tricalcium phosphate mixed with hydroxyapatite as bone substitute, this low cost
approach comes with the downside of being fragile and taking a longer time to integrate [67]. Performing
kyphoplasty was shown to decrease the amount of cement leakage and improve the correction of kyphosis
[68].

Robotic Surgery

Recent studies show percutaneous endoscopic lumbar discectomy, minimally invasive spinal surgery-
transforaminal lumbar interbody fusion and microendoscope-assisted decompression surgery with resection
of bony fragment emerging as minimally invasive techniques for treating a separation of lumbar posterior
ring apophysis [72,73]. As robotic surgery continues to evolve and gain wider acceptance in various surgical
fields, it might emerge as a future option for treating vertebral limbus, especially for complex cases. The
potential benefits include increased precision, improved visualization, and potentially faster recovery times.
However, more research and experience are needed before robotic surgery becomes a mainstream approach
for vertebral limbus.

Conclusions

Although vertebral limbus was first described radiographically almost a century ago, the condition remains
relatively unknown to the medical community and definitive diagnosis can be challenging. It is often an
incidental radiographic finding and can be mistaken for a variety of other pathologies. Recognition of
vertebral limbus can help to limit unnecessary imaging studies or even avoid invasive procedures. While
often masquerading as other spinal pathologies due to its diverse clinical presentation, recognizing its
unique characteristics is crucial for accurate diagnosis and optimal management. The evolving landscape of
conservative management strategies holds promise for offering effective, non-invasive options for those
seeking relief from the more serious symptoms associated with this condition.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: Cristian Scheau, Cosmin Niscoveanu, Deria Refi, Serban
Dragosloveanu

Drafting of the manuscript: Cristian Scheau, Cosmin Niscoveanu, Deria Refi, Bogdan Obada, Serban
Dragosloveanu, Radu Octavian Baz

Critical review of the manuscript for important intellectual content: Cristian Scheau, Radu Octavian
Baz

Concept and design: Bogdan Obada, Radu Octavian Baz

2024 Niscoveanu et al. Cureus 16(5): €60065. DOI 10.7759/cureus.60065 7 of 10


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Supervision: Radu Octavian Baz

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Schmorl G: [Die pathologische anatomic der wirbelsaule] . Verh Dtsch Orthop Ges. 1927, 21:3-41.

2. Acosta-Ramon V, Pariente-Rodrigo E, Lara M, Pini S, Rueda-Gotor J: Limbus vertebra and chronic low back
pain. Fam Med. 2016, 3:1048.

3. Kariki E, Panagiotidoy D, Vasiliadis K, Theodorakopoulos A, Kotsabasopoulou I, Kotziamani N: Limbus
vertebrae: imaging investigation. Hell ] Radiol. 2016, 45: 10.36162/hjr.v45i1.34

4. Koyama K, Nakazato K, Min S, Gushiken K, Hatakeda Y, Seo K, Hiranuma K: COL11A1 gene is associated
with limbus vertebra in gymnasts. Int J Sports Med. 2012, 33:586-90. 10.1055/5-0031-1299752

5. Henales V, Hervas JA, Lopez P, Martinez JM, Ramos R, Herrera M: Intervertebral disc herniations (limbus
vertebrae) in pediatric patients: report of 15 cases. Pediatr Radiol. 1993, 23:608-10. 10.1007/BF02014980

6. Horneros Torres ], Rodriguez Muguruza S, Pérez Andrés R: Limbus vertebra. Semin Fundacién Espanola
Reumatol. 2012, 13:62-4. 10.1016/j.semreu.2011.12.002

7.  Carr RB, Fink KR, Gross JA: Imaging of trauma: part 1, pseudotrauma of the spine--osseous variants that
may simulate injury. AJR Am J Roentgenol. 2012, 199:1200-6. 10.2214/AJR.12.9083

8. Huang PY, Yeh LR, Tzeng WS, Tsai MY, Shih TT, Pan HB, Chen CK: Imaging features of posterior limbus
vertebrae. Clin Imaging. 2012, 36:797-802. 10.1016/j.clinimag.2012.01.031

9. Sanal HT, Yilmaz S, Simsek I: Limbus vertebra. Arthritis Rheum. 2012, 64:4011. 10.1002/art.34630

10.  Goldman AB, Ghelman B, Doherty J: Posterior limbus vertebrae: a cause of radiating back pain in
adolescents and young adults. Skeletal Radiol. 1990, 19:501-7. 10.1007/BF00202699

11. TunaS, Ozdemir T, Oz HE: Limbus vertebra presenting with inflammatory low back pain: a case report . |
Clin Diagn Res. 2016, 10:YD01-2. 10.7860/JCDR/2016/17985.7429

12.  Baba H, Uchida K, Furusawa N, et al.: Posterior limbus vertebral lesions causing lumbosacral radiculopathy
and the cauda equina syndrome. Spinal Cord. 1996, 34:427-32. 10.1038/s5¢.1996.76

13.  Graikos G, Gkoudina A, Tsakonas N, Christakis N: Limbus vertebrae as incidental finding in a patient with
acute lower back pain. Cureus. 2020, 12:e10658. 10.7759/cureus.10658

14.  Restrepo JP, Molina MP: Limbus vertebra as a rare cause of lumbar pain in young people . Rev Bras Reumatol
Engl Ed. 2020, 27:120-2.

15.  Mendez JS, Huete IL, Tagle PM: Limbus lumbar and sacral vertebral fractures. Neurol Res. 2002, 24:139-44.
10.1179/016164102101199675

16.  Alagheband SJ, Clapp AD, Narducci DM, Cudahy R, Pujalte G: Limbus vertebra. Cureus. 2021, 13:€13954.
10.7759/cureus.13954

17.  Koyama K, Nakazato K, Min SK, Gushiken K, Hatakeda Y, Seo K, Hiranuma K: Anterior limbus vertebra and
intervertebral disk degeneration in Japanese collegiate gymnasts. Orthop J Sports Med. 2013,
1:2325967113500222. 10.1177/23259671135002.2.2

18.  Swischuk LE, John SD, Allbery S: Disk degenerative disease in childhood: Scheuermann's disease, Schmorl's
nodes, and the limbus vertebra: MRI findings in 12 patients. Pediatr Radiol. 1998, 28:334-8.
10.1007/s002470050368

19. Peoples RR, Perkins TG, Powell JW, Hanson EH, Snyder TH, Mueller TL, Orrison WW: Whole-spine dynamic
magnetic resonance study of contortionists: anatomy and pathology. ] Neurosurg Spine. 2008, 8:501-9.
10.3171/SP1/2008/8/6/501

20. Lupu A, Oprea D, Obada B, et al.: Variation of serum serotonin values under specific peloidotherapy in
patients with degenerative pathology of the lumbar spine. Balneo PRM Res J. 2023, 14:588.
10.12680/balneo.2023.588

21. Fazel F, Zolaktaf V, Nezhadian SL: The effect of exercise programs on pain management and motor control
in patients with nonspecific chronic low back pain: a randomized matched subjects trial. Int ] Prev Med.
2021, 12:164. 10.4103/ijpvm.I]JPVM_423_20

22.  Onat $S, Tasoglu O, Giineri FD, Ozisler Z, Safer VB, Ozgirgin N: The effectiveness of balneotherapy in
chronic low back pain. Clin Rheumatol. 2014, 33:1509-15. 10.1007/s10067-014-2545-y

23.  Sheppard SE, Quintero-Rivera F: Wiedemann-Steiner syndrome. GeneReviews® [Internet]. Adam MP,
Feldman J, Mirzaa GM, et al. (ed): University of Washington, Seattle; 1993.

24. Hsu CC, Meehan L, Fomin I, et al.: Developmental anomalies of the lateral portion of the cervical neural
arch: multimodal imaging and clinical implications. Neuroradiol J. 2020, 33:252-8.
10.1177/1971400920923284

25. BazRA, Scheau C, Niscoveanu C, Bordei P: Morphometry of the entire internal carotid artery on CT
angiography. Medicina (Kaunas). 2021, 57:10.3390/medicina57080832

26.  Oztiirk AM, Siier O, Govsa F, Ozer MA, Akcali O: Patient-specific three-dimensional printing spine model
for surgical planning in AO spine type-C fracture posterior long-segment fixation. Acta Orthop Traumatol
Turc. 2022, 56:138-46. 10.5152/j.a0tt.2021.21332

27. Saenz DL, Crownover R, Stathakis S, Papanikolaou N: A dosimetric analysis of a spine SBRT specific
treatment planning system. ] Appl Clin Med Phys. 2019, 20:154-9. 10.1002/acm2.12499

28. Dragosloveanu S, Petre MA, Gherghe ME, Nedelea DG, Scheau C, Cergan R: Overall accuracy of radiological

2024 Niscoveanu et al. Cureus 16(5): ¢60065. DOI 10.7759/cureus.60065

8 of 10


https://link.springer.com/article/10.1007/BF01881193
https://austinpublishinggroup.com/family-medicine/fulltext/jfm-v3-id1048.php
https://dx.doi.org/10.36162/hjr.v45i1.34
https://dx.doi.org/10.36162/hjr.v45i1.34
https://dx.doi.org/10.1055/s-0031-1299752
https://dx.doi.org/10.1055/s-0031-1299752
https://dx.doi.org/10.1007/BF02014980
https://dx.doi.org/10.1007/BF02014980
https://dx.doi.org/10.1016/j.semreu.2011.12.002
https://dx.doi.org/10.1016/j.semreu.2011.12.002
https://dx.doi.org/10.2214/AJR.12.9083
https://dx.doi.org/10.2214/AJR.12.9083
https://dx.doi.org/10.1016/j.clinimag.2012.01.031
https://dx.doi.org/10.1016/j.clinimag.2012.01.031
https://dx.doi.org/10.1002/art.34630
https://dx.doi.org/10.1002/art.34630
https://dx.doi.org/10.1007/BF00202699
https://dx.doi.org/10.1007/BF00202699
https://dx.doi.org/10.7860/JCDR/2016/17985.7429
https://dx.doi.org/10.7860/JCDR/2016/17985.7429
https://dx.doi.org/10.1038/sc.1996.76
https://dx.doi.org/10.1038/sc.1996.76
https://dx.doi.org/10.7759/cureus.10658
https://dx.doi.org/10.7759/cureus.10658
https://doi.org/10.1016/j.rcreue.2019.03.006
https://dx.doi.org/10.1179/016164102101199675
https://dx.doi.org/10.1179/016164102101199675
https://dx.doi.org/10.7759/cureus.13954
https://dx.doi.org/10.7759/cureus.13954
https://dx.doi.org/10.1177/2325967113500222
https://dx.doi.org/10.1177/2325967113500222
https://dx.doi.org/10.1007/s002470050368
https://dx.doi.org/10.1007/s002470050368
https://dx.doi.org/10.3171/SPI/2008/8/6/501
https://dx.doi.org/10.3171/SPI/2008/8/6/501
https://dx.doi.org/10.12680/balneo.2023.588
https://dx.doi.org/10.12680/balneo.2023.588
https://dx.doi.org/10.4103/ijpvm.IJPVM_423_20
https://dx.doi.org/10.4103/ijpvm.IJPVM_423_20
https://dx.doi.org/10.1007/s10067-014-2545-y
https://dx.doi.org/10.1007/s10067-014-2545-y
https://www.ncbi.nlm.nih.gov/books/NBK580718/
https://dx.doi.org/10.1177/1971400920923284
https://dx.doi.org/10.1177/1971400920923284
https://dx.doi.org/10.3390/medicina57080832
https://dx.doi.org/10.3390/medicina57080832
https://dx.doi.org/10.5152/j.aott.2021.21332
https://dx.doi.org/10.5152/j.aott.2021.21332
https://dx.doi.org/10.1002/acm2.12499
https://dx.doi.org/10.1002/acm2.12499
https://dx.doi.org/10.3390/jcm12134503

Cureus

Part of SPRINGER NATURE

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

digital planning for total hip arthroplasty in a specialized orthopaedics Hospital. ] Clin Med. 2023,
12:10.3390/jcm12134503

Joshi RS, Lau D, Ames CP: Artificial intelligence for adult spinal deformity: current state and future
directions. Spine J. 2021, 21:1626-34. 10.1016/j.spinee.2021.04.019

Timofticiuc IA, Célinescu O, Iftime A, et al.: Biomaterials adapted to VAT photopolymerization in 3D
printing: characteristics and medical applications. ] Funct Biomater. 2023, 15: 10.3390/jfb 15010007

Parr WC, Burnard JL, Wilson PJ, Mobbs R]: 3D printed anatomical (bio)models in spine surgery: clinical
benefits and value to health care providers. ] Spine Surg. 2019, 5:549-60. 10.21037/jss.2019.12.07

Garg B, Mehta N: Current status of 3D printing in spine surgery . ] Clin Orthop Trauma. 2018, 9:218-25.
10.1016/j.jcot.2018.08.006

Periferakis A, Periferakis AT, Troumpata L, et al.: Use of biomaterials in 3D printing as a solution to
microbial infections in arthroplasty and osseous reconstruction. Biomimetics (Basel). 2024,
9:10.3390/biomimetics9030154

Sharma S, Pahuja S, Gupta V, Singh G, Singh J: 3D printing for spine pathologies: a state-of-the-art review .
Biomed Eng Lett. 2023, 13:579-89. 10.1007/s13534-023-00302-x

Georgeanu VA, Russu OM, Obada B, Iliescu MG, Popescu MN, Iliescu DM, Predescu V: Common peroneal
nerve palsy after primary total hip arthroplasty. Int Orthop. 2022, 46:1963-70. 10.1007/s00264-022-05477-z
Medress ZA, Jin MC, Feng A, Varshneya K, Veeravagu A: Medical malpractice in spine surgery: a review.
Neurosurg Focus. 2020, 49:E16. 10.3171/2020.8.FOCUS20602

Edelson JG, Nathan H: Stages in the natural history of the vertebral end-plates . Spine (Phila Pa 1976). 1988,
13:21-6. 10.1097/00007632-198801000-00006

Ghelman B, Freiberger RH: The limbus vertebra: an anterior disc herniation demonstrated by discography .
AJR Am ] Roentgenol. 1976, 127:854-5. 10.2214/ajr.127.5.854

Akhaddar A, Belfquih H, Oukabli M, Boucetta M: Posterior ring apophysis separation combined with lumbar
disc herniation in adults: a 10-year experience in the surgical management of 87 cases. ] Neurosurg Spine.
2011, 14:475-83. 10.3171/2010.11.SPINE10392

ShimMan R: Limbus vertebra and low back pain: a case report and review of literature . Int | Sports Exerc
Med. 2019, 10.23937/2469-5718/1510148

Doganay S, Yikilmaz A, Kahriman G, Tuna IS, Coskun A: Scheuermann's disease of the thoracolumbar spine
in a boy. Eurasian ] Med. 2010, 42:104. 10.5152/eajm.2010.30

Sauls DA, Venter R: Incidental findings of atypical Scheuermann’s disease at radiography of the lumbar
spine: a case report. S Afr Radiogr. 2021, 59:43-5. 10.54450/saradio.2021.59.2.615

Resnick D, Niwayama G: Intravertebral disk herniations: cartilaginous (Schmorl's) nodes. Radiology. 1978,
126:57-65. 10.1148/126.1.57

Sas S: Limbus vertebra mimicking avulsion fracture . Med Bull Haseki. 2019, 57:102-4.
10.4274/haseki.galenos.2018.4143

Bagcier F, Ogul H, Kul A: Giant limbus vertebra mimicking a vertebral fracture . Tiirk Osteoporoz Dergisi.
2015, 21:165-6. 10.4274/tod. 72623

Mupparapu M, Vuppalapati A, Mozaffari E: Radiographic diagnosis of limbus vertebra on a lateral
cephalometric film: report of a case. Dentomaxillofac Radiol. 2002, 31:328-30. 10.1038/sj.dmfr.4600698
Takata K, Inoue S, Takahashi K, Ohtsuka Y: Fracture of the posterior margin of a lumbar vertebral body . |
Bone Joint Surg Am. 1988, 70:589-94.

Rothfus WE, Goldberg AL, Deeb ZL, Daffner RH: MR recognition of posterior lumbar vertebral ring fracture .
] Comput Assist Tomogr. 1990, 14:790-4. 10.1097/00004728-199009000-00022

Espino-Rodriguez César A, Garcia-Ballesteros Alejandra I, Castro-Prado Fernando C: Incidental diagnosis of
limbus vertebra associated with disc hernia in patient with low back pain: case report. Interdiscip
Neurosurg. 2020, 19:100617. 10.1016/j.inat.2019.100617

Baz R, Iliescu DM, Caraban BM, et al.: 3D-CT imagistic for diagnosis assessment and orthopedic treatment
of articular fractures with relevance for patient functional rehabilitation. Balneo PRM Res J. 2023, 14:636.
10.12680/balneo.2023.636

Frizziero A, Pellizzon G, Vittadini F, Bigliardi D, Costantino C: Efficacy of core stability in non-specific
chronic low back pain. ] Funct Morphol Kinesiol. 2021, 6: 10.3390/jfmk6020037

Hayden JA, Ellis ], Ogilvie R, Malmivaara A, van Tulder MW: Exercise therapy for chronic low back pain .
Cochrane Database Syst Rev. 2021, 9:CD009790. 10.1002/14651858.CD009790.pub2

Silisteanu SC, Antonescu E, Duica L, Totan M, Cucu Al, Costea Al: Lumbar paravertebral muscle pain
management using kinesitherapy and electrotherapeutic modalities. Healthcare (Basel). 2024,
12:10.3390/healthcare12080853

Haji Y, Taddesse F, Serka S, Gebretsadik A: Effect of balneotherapy on chronic low back pain at hot springs
in southern Ethiopia: perceived improvements from pain. J Pain Res. 2021, 14:2491-500.
10.2147/JPR.S322603

Takinaci ZD, Karagiille M, Issever H, Karagiille MZ: Clinical efficacy of spa therapy (balneotherapy) for
chronic low back pain: a randomized single-blind trial. Eur ] Integr Med. 2019, 29:100928.

Karagiille M, Karagtille MZ: Effectiveness of balneotherapy and spa therapy for the treatment of chronic low
back pain: a review on latest evidence. Clin Rheumatol. 2015, 34:207-14. 10.1007/s10067-014-2845-2
Epstein NE, Epstein JA: Limbus lumbar vertebral fractures in 27 adolescents and adults . Spine (Phila Pa
1976). 1991, 16:962-6. 10.1097/00007632-199108000-00017

Chang CH, Lee ZL, Chen W], Tan CF, Chen LH: Clinical significance of ring apophysis fracture in adolescent
lumbar disc herniation. Spine (Phila Pa 1976). 2008, 33:1750-4. 10.1097/BRS.0b013%e31817d1d12

Battista Scarfo G, Francesco Muzii V, Mariottini A, Bolognini A, Cartolari R: Posterior retroextramarginal
disc hernia (PREMDH): definition, diagnosis, and treatment. Surg Neurol. 1996, 46:205-11. 10.1016/0090-
3019(96)00154-1

Krishnan A, Patel ], Patel D, Patel P: Fracture of posterior margin of lumbar vertebral body . Indian J Orthop.
2005, 39:

Asazuma T, Nobuta M, Sato M, Yamagishi M, Fujikawa K: Lumbar disc herniation associated with separation

2024 Niscoveanu et al. Cureus 16(5): ¢60065. DOI 10.7759/cureus.60065

90of 10


https://dx.doi.org/10.3390/jcm12134503
https://dx.doi.org/10.1016/j.spinee.2021.04.019
https://dx.doi.org/10.1016/j.spinee.2021.04.019
https://dx.doi.org/10.3390/jfb15010007
https://dx.doi.org/10.3390/jfb15010007
https://dx.doi.org/10.21037/jss.2019.12.07
https://dx.doi.org/10.21037/jss.2019.12.07
https://dx.doi.org/10.1016/j.jcot.2018.08.006
https://dx.doi.org/10.1016/j.jcot.2018.08.006
https://dx.doi.org/10.3390/biomimetics9030154
https://dx.doi.org/10.3390/biomimetics9030154
https://dx.doi.org/10.1007/s13534-023-00302-x
https://dx.doi.org/10.1007/s13534-023-00302-x
https://dx.doi.org/10.1007/s00264-022-05477-z
https://dx.doi.org/10.1007/s00264-022-05477-z
https://dx.doi.org/10.3171/2020.8.FOCUS20602
https://dx.doi.org/10.3171/2020.8.FOCUS20602
https://dx.doi.org/10.1097/00007632-198801000-00006
https://dx.doi.org/10.1097/00007632-198801000-00006
https://dx.doi.org/10.2214/ajr.127.5.854
https://dx.doi.org/10.2214/ajr.127.5.854
https://dx.doi.org/10.3171/2010.11.SPINE10392
https://dx.doi.org/10.3171/2010.11.SPINE10392
https://dx.doi.org/10.23937/2469-5718/1510148
https://dx.doi.org/10.23937/2469-5718/1510148
https://dx.doi.org/10.5152/eajm.2010.30
https://dx.doi.org/10.5152/eajm.2010.30
https://dx.doi.org/10.54450/saradio.2021.59.2.615
https://dx.doi.org/10.54450/saradio.2021.59.2.615
https://dx.doi.org/10.1148/126.1.57
https://dx.doi.org/10.1148/126.1.57
https://dx.doi.org/10.4274/haseki.galenos.2018.4143
https://dx.doi.org/10.4274/haseki.galenos.2018.4143
https://dx.doi.org/10.4274/tod.72623
https://dx.doi.org/10.4274/tod.72623
https://dx.doi.org/10.1038/sj.dmfr.4600698
https://dx.doi.org/10.1038/sj.dmfr.4600698
https://journals.lww.com/jbjsjournal/abstract/1988/70040/fracture_of_the_posterior_margin_of_a_lumbar.16.aspx
https://dx.doi.org/10.1097/00004728-199009000-00022
https://dx.doi.org/10.1097/00004728-199009000-00022
https://dx.doi.org/10.1016/j.inat.2019.100617
https://dx.doi.org/10.1016/j.inat.2019.100617
https://dx.doi.org/10.12680/balneo.2023.636
https://dx.doi.org/10.12680/balneo.2023.636
https://dx.doi.org/10.3390/jfmk6020037
https://dx.doi.org/10.3390/jfmk6020037
https://dx.doi.org/10.1002/14651858.CD009790.pub2
https://dx.doi.org/10.1002/14651858.CD009790.pub2
https://dx.doi.org/10.3390/healthcare12080853
https://dx.doi.org/10.3390/healthcare12080853
https://dx.doi.org/10.2147/JPR.S322603
https://dx.doi.org/10.2147/JPR.S322603
https://doi.org/10.1016/j.eujim.2019.100928
https://dx.doi.org/10.1007/s10067-014-2845-2
https://dx.doi.org/10.1007/s10067-014-2845-2
https://dx.doi.org/10.1097/00007632-199108000-00017
https://dx.doi.org/10.1097/00007632-199108000-00017
https://dx.doi.org/10.1097/BRS.0b013e31817d1d12
https://dx.doi.org/10.1097/BRS.0b013e31817d1d12
https://dx.doi.org/10.1016/0090-3019(96)00154-1
https://dx.doi.org/10.1016/0090-3019(96)00154-1
https://api.semanticscholar.org/CorpusID:56664365
https://dx.doi.org/10.1007/s00701-003-0044-z

Cureus

Part of SPRINGER NATURE

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

of the posterior ring apophysis: analysis of five surgical cases and review of the literature. Acta Neurochir
(Wien). 2003, 145:461-6; discussion 466. 10.1007/s00701-003-0044-z

Savini R, Di Silvestre M, Gargiulo G, Picci P: Posterior lumbar apophyseal fractures. Spine (Phila Pa 1976).
1991, 16:1118-23. 10.1097/00007632-199109000-00018

Shirado O, Yamazaki Y, Takeda N, Minami A: Lumbar disc herniation associated with separation of the ring
apophysis: is removal of the detached apophyses mandatory to achieve satisfactory results?. Clin Orthop
Relat Res. 2005, 120-8. 10.1097/01.bl0.0000150457.47232.fd

Talha A, Cronier P, Toulemonde JL, Namour A: Fracture of the vertebral limbus. Eur Spine J. 1997, 6:347-50.

10.1007/BF01142684

Palliyil NS, Rai RR, Deogaonkar K: Limbus vertebral fracture presenting as cauda equina syndrome
masquerading an acute disc prolapse - a rare case report and review of literature. ] Orthop Case Rep. 2018,
8:38-40. 10.13107/jocr.2250-0685.1150

Dragosloveanu $, Cotor DC, Dragosloveanu CD, Stoian C, Stoica CI: Preclinical study analysis of massive
magnesium alloy graft for calcaneal fractures. Exp Ther Med. 2021, 22:731. 10.3892/etm.2021.10163
Dragosloveanu $, Dragosloveanu CD, Stanca HT, Cotor DC, Andrei AC, Dragosloveanu CI, Stoica CI:
Tricalcium phosphate and hydroxyapatite treatment for benign cavitary bone lesions: a prospective clinical
trial. Exp Ther Med. 2020, 20:215. 10.3892/etm.2020.9345

Chandra RV, Maingard |, Asadi H, et al.: Vertebroplasty and kyphoplasty for osteoporotic vertebral
fractures: what are the latest data?. AJNR Am ] Neuroradiol. 2018, 39:798-806. 10.5174/ajnr.A5458

Pérez de la Torre RA, Ramanathan S, Williams AL, Perez-Cruet MJ: Minimally-invasive assisted robotic
spine surgery (MARSS). Front Surg. 2022, 9:884247. 10.3389/fsurg.2022.884247

Dragosloveanu S, Petre MA, Capitanu BS, Dragosloveanu CD, Cergan R, Scheau C: Initial learning curve for
robot-assisted total knee arthroplasty in a dedicated orthopedics Center. ] Clin Med. 2023,
12:10.3390/jcm12216950

Morrell AL, Morrell-Junior AC, Morrell AG, Mendes JM, Tustumi F, DE-Oliveira-E-Silva LG, Morrell A: The
history of robotic surgery and its evolution: when illusion becomes reality. Rev Col Bras Cir. 2021,
48:220202798. 10.1590/0100-6991e-20202798

Okada M, Yoshida M, Minamide A, Nomura K, Maio K, Yamada H: Microendoscope-assisted decompression
surgery with resection of bony fragment for treating a separation of lumbar posterior ring apophysis in
young athletes. Global Spine J. 2021, 11:889-95. 10.1177/2192568220929290

Deng ZY, Yang W], Han L, et al.: The minimally invasive spinal surgery in the treatment of posterior edge
separation. Ann Palliat Med. 2020, 9:1937-43. 10.21037/apm-20-928

2024 Niscoveanu et al. Cureus 16(5): ¢60065. DOI 10.7759/cureus.60065

10 of 10


https://dx.doi.org/10.1007/s00701-003-0044-z
https://dx.doi.org/10.1097/00007632-199109000-00018
https://dx.doi.org/10.1097/00007632-199109000-00018
https://dx.doi.org/10.1097/01.blo.0000150457.47232.fd
https://dx.doi.org/10.1097/01.blo.0000150457.47232.fd
https://dx.doi.org/10.1007/BF01142684
https://dx.doi.org/10.1007/BF01142684
https://dx.doi.org/10.13107/jocr.2250-0685.1150
https://dx.doi.org/10.13107/jocr.2250-0685.1150
https://dx.doi.org/10.3892/etm.2021.10163
https://dx.doi.org/10.3892/etm.2021.10163
https://dx.doi.org/10.3892/etm.2020.9345
https://dx.doi.org/10.3892/etm.2020.9345
https://dx.doi.org/10.3174/ajnr.A5458
https://dx.doi.org/10.3174/ajnr.A5458
https://dx.doi.org/10.3389/fsurg.2022.884247
https://dx.doi.org/10.3389/fsurg.2022.884247
https://dx.doi.org/10.3390/jcm12216950
https://dx.doi.org/10.3390/jcm12216950
https://dx.doi.org/10.1590/0100-6991e-20202798
https://dx.doi.org/10.1590/0100-6991e-20202798
https://dx.doi.org/10.1177/2192568220929290
https://dx.doi.org/10.1177/2192568220929290
https://dx.doi.org/10.21037/apm-20-928
https://dx.doi.org/10.21037/apm-20-928

	Beyond the Bony Fragment: A Review of Limbus Vertebra
	Abstract
	Introduction And Background
	Review
	Anatomy and physiopathology
	Clinical presentation and diagnosis
	FIGURE 1: Sagittal (A), axial (B), and volume-rendered 3D reformatted images (C) show an L4 limbus vertebra with a bony triangular fragment (arrow) and sclerotic margins located adjacent to the anterosuperior corner of the L4 vertebral body.
	FIGURE 2: CT scan sagittal (A), axial (B), and volume-rendering (C) reconstructions of a patient with degenerative changes in the lumbar spine. At the level of the antero-inferior corner of the L5 vertebra, a triangular bone projection (arrow) is seen, almost completely separated from the vertebral body, pointing towards the likelihood of an osteophyte. Note other small anterosuperior osteophytes located at L4 and L5 levels.
	FIGURE 3: Sagittal (A) and axial T2-weighted (B) images show a detached fragment (arrow) at the level of the antero-inferior corner of the L2 vertebra, due to the intraosseous herniation of an adjacent portion of the nucleus pulposus
	FIGURE 4: Sagittal T2 (A) and T1 (B), and axial T2-weighted (C) images show a subchondral geode (thick arrow) in the superior plateau of the L2 vertebra, which associates a small disc herniation and posterior limbus of the superior vertebral corner (thin arrow).

	Management strategies
	Discussions

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


