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BACKGROUND Ossification of the ligamentum flavum (OLF) has been well characterized as a distinct entity but also in tandem with ossification of the
posterior longitudinal ligament (OPLL) in noncontiguous spinal regions. The majority of OLF cases are reported from East Asian countries where
prevalent, but such cases are rarely reported in the North American population.

OBSERVATIONS The authors present a case of a Thai-Cambodian American who presented with symptomatic thoracic OLF in tandem with
asymptomatic cervical OPLL. A “floating” thoracic laminectomy, resection of OLF, and partial dural ossification (DO) resection with circumferential
release of ossified dura were performed. Radiographic dural reexpansion and spinal cord decompression occurred despite the immediate intraoperative
appearance of persistent thecal sac compression from retained DO.

LESSONS Entire spinal axis imaging should be considered for patients with spinal ligamentous ossification disease, particularly in those of East Asian
backgrounds. A floating laminectomy is one of several surgical approaches for OLF, but no consensus approach has been clearly established. High
surgical complication rates are associated with thoracic OLF, most commonly dural tears/cerebrospinal fluid (CSF) leaks. DO commonly coexists with
OLF, is recognizable on computed tomographic scans, and increases the risk of CSF leaks.

https://thejns.org/doi/abs/10.3171/CASE2178
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Ligamentous ossifications in the spine, such as ossification of
the posterior longitudinal ligament (OPLL), are well-recognized
causes of symptomatic spinal cord compression in the United Sta-
tes. Ossification of the ligamentum flavum (OLF), although exhaus-
tively described in Asian populations over the past few decades,
has rarely been reported in the North American population.1–5

Diffuse spinal ligamentous ossifications have been described
with coexistence of OLF, OPLL, and other ligamentous ossifications
throughout the spinal axis.3,6–9 The coexistence of thoracic OLF
within a larger subgroup of cervical OPLL patients has been
reported by authors to be 30.8% (21 of 68 patients),7 44% (36 of
82 patients),6 and as high as 64.6% (115 of 178 patients).10 These

so-called tandem ossifications, however, have not been commonly
described in the North American population.3 This case report des-
cribes an Asian American patient with cervical OPLL who became
acutely myelopathic as a result of concurrent thoracic OLF.

Illustrative Case
A 42-year-old Thai-Cambodian American female presented with

a 4-month history of severe low back, groin, and upper buttock pain
radiating to the hips. She did not experience numbness or tingling
of the lower extremities. She had greater left than right lower
extremity weakness, causing gait and balance disturbance. Aside
from chronic mild neck pain, she had no upper extremity pain,

ABBREVIATIONS BMP = bone morphogenetic protein; CSF = cerebrospinal fluid; CT = computed tomography; DO = dural ossification; JOA = Japanese Orthopedic
Association; miR = microRNA; MRI = magnetic resonance imaging; OLF = ossification of the ligamentum flavum; OPLL = ossification of the posterior longitudinal
ligament.
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sensory disturbance, weakness, or clumsiness of the upper extremi-
ties suggestive of significant, concurrent cervical cord compression.
She reported urinary incontinence, diminished perineal sensation,
and constipation but no bowel incontinence.

Her neurological examination in the upper extremities was notable
for normal strength and sensation to pin/light touch. Her upper extrem-
ity reflexes were brisk with absent Hoffman’s signs. Her lower extrem-
ity examination revealed increased tone, 3–4/5 weakness throughout,
and decreased sensation to light touch. Her proprioception was nor-
mal. She had no Chaddock’s, Bing’s, or Babinski’s reflexes or ankle
clonus. She was ambulatory but with a paraparetic gait for which she
used a walker.

Cervical spine magnetic resonance imaging (MRI) and computed
tomography (CT) showed multilevel stenosis, OPLL, and compres-
sive myelomalacia at C3–4 (Fig. 1). Lumbar spine MRI showed
congenital/degenerative stenosis and moderately severe L4–5 and
L5–S1 degenerative disc disease. Electromyography/nerve conduc-
tion velocity showed L5 and S1 myotome denervation.

Despite abnormal cervical spine imaging findings, the only clini-
cal findings clearly referable to the cervical spine were neck pain
and brisk upper extremity reflexes. The discordance between the
diagnostic studies and physical examination suggested thoracic
myelopathy as the main cause of her long tract signs and lower
extremity weakness. Thoracic MRI and subsequent CT were per-
formed, confirming severe cord compression at T10–11 consistent
with ossification of the ligamentum flavum (Figs. 2 and 3). A dis-
tinct, focal ossified segment of dura was also identified (Fig. 3).

Urgent T10–11 laminectomy and resection of OLF were per-
formed. As suggested by preoperative CT imaging, it was confirmed
intraoperatively that the ligamentum flavum and underlying posterior
dura were ossified. A floating laminectomy with OLF resection was
performed, leaving a plaque of ossified dura that was circumferen-
tially released from the adjacent dura. This was performed to poten-
tially limit an anticipated large iatrogenic dural defect that would be
difficult to repair. Nevertheless, a small rent of the arachnoid under-
lying the DO was encountered at the margin of the ossified dural

plaque that was overlaid with DuraGen and DuraSeal (Integra
LifeSciences).

Despite normal neurophysiological recordings throughout the
case, the patient awoke with dense worsening of her lower extrem-
ity paraparesis and severe postoperative back pain. She was dis-
charged to inpatient acute rehabilitation on postoperative day 10. At
her 15-month follow-up, her iliopsoas and quadriceps strength had
improved to 5/5, and her overall lower extremity function had
improved such that she no longer used a walker. She continued to
have residual numbness and tingling of the right lower extremity,
increased tone in the lower extremities, and dysesthetic pain around
her thoracic incision site. Follow-up imaging showed satisfactory
spinal cord decompression (Fig. 4). At 20 months after surgery, she
developed a 1–2-month history of new, progressively worsening
symptoms of severe proximal upper extremity pain, shoulder abduc-
tor weakness, and hand paresthesias. A multilevel laminoplasty
was then performed for her acutely symptomatic cervical OPLL.

Discussion
The Sato classification of OLF describes 5 subtypes based on CT

axial imaging: lateral, extended, enlarged, fused, and tuberous. A CT
pictorial review and descriptions are detailed in Aizawa et al.,11 Sun
et al.,12 and Miyakoshi et al.13 The tuberous subtype, as in our case, is
the most severe form, defined by complete transverse fusion of the liga-
mentum flavum with anterior extension. The tuberous subtype has also

FIG. 1. Cervical spine CT (left) and MRI (right). Extensive OPLL extend-
ing from C1–2 through C5–6, with markedly severe stenosis at C3–4.
Compressive myelomalacia is denoted by the arrow on the MRI scan.

FIG. 2. Thoracic spine MRI. Sagittal view (left) showing severe
T10–11 stenosis from a posterior calcified mass. Axial view (right)
shows severe cord compression (arrow).

FIG. 3. Thoracic spine CT. Sagittal view (left) shows OLF. Axial view
(right) shows tuberous OLF subtype (asterisk) and associated “tram
track” sign with distinct linear ossification consistent with DO (arrow).
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been shown to be associated with a higher incidence of dural ossifica-
tion (DO) and higher postsurgical cerebrospinal fluid (CSF) leakage.12

The prevalence of thoracic OLF is greatest in the lower thoracic
spine.6,11,14–21 In larger analyses, Kudo et al.,20 in a study of 1,144
individuals, showed the most involved levels were at T9–L1, and
Guo et al.,21 in a study of 1,736 individuals, identified T9–10 to
T10–11 as the more commonly affected levels. Liang et al.,6 in a
study of 2,000 individuals, found the highest incidence at T10
(24.1%), followed by T9 (14.2%) and T11 (11.9%). Lang et al.,17 in
a survey of 993 cases, showed 44% and 41.6% of OLF cases
occurring at T10–11 and T11–12, respectively.

The higher incidence of OLF at T10–11 was speculated, by
Maigne et al.15 in a study of 121 cadaveric spines, to be due to
increased rotational strain caused by the subjacent T11–12 level. A
more rotationally restricted “lumbar” or sagittal facet orientation
rather than a less rotationally restricted “thoracic” or coronal facet
configuration at the T11–12 level was believed to cause more rota-
tional stress of the T10–11 coronally oriented joints.

At the molecular genetic level, the involvement of signal trans-
duction pathways in OLF-derived cells leading to osteogenesis has
been described in several reports. The b-catenin,22 Erk1/2, p38,23

Indian hedgehog,24 and Notch25 signaling pathways appear to play
a role in OLF osteoblast differentiation involving upregulation of
osteogenic transcription factors. Expression of osteogenic growth
factors, including cartilage-derived morphogenetic protein 1,26 trans-
forming growth factor-b, vascular endothelial growth factor, and
bone morphogenetic proteins (BMPs) 2, 4, and 7, have also been
identified in OLF specimens.8,9,26

Recent emerging studies on the role of microRNAs (miRs)—non-
coding short segment nucleotides that regulate gene expression—
have also recently been described in OLF osteogenesis.27–29 Regu-
lation of miR-targeted genes involved in OLF is an intriguing, futur-
istic therapy, but the only current effective treatment is surgical
decompression.

Several surgical approaches for OLF have been reported, including
thoracic laminectomy,13,30,31 laminectomy with or without dural resec-
tion, duraplasty or dural “slitting,”16,32 laminectomy with fusion,30,31,33,34

laminoplasty,33–35 en bloc laminectomy with or without ossified dural
resection/duraplasty,8,12,19,34,36 microendoscopic decompression,37,38

and “floating” laminectomy.8,13,32 Not unexpectedly, a consensus on
the optimal surgical treatment for OLF remains ill defined.

The association of OLF and concurrent DO in the thoracic spine
has been described with a prevalence of 13%–43.4%.12,16,39,40

Muthukumar described the radiological “tram track” and “comma”
signs as indicators of DO.40 Recognition of DO in the setting of
OLF is essential because this is associated with a high incidence of
dural tears and CSF leaks. This can be as high as 93% compared
with 9% in OLF patients without DO.12 It is speculated that DO may
be a local response to BMPs 2, 4, and 7 (osteogenic protein-1)
identified in OLF specimens by immunohistochemistry.9

On the basis of the finding of DO associated with OLF in this
case, a thoracic “floating” laminectomy and maximal safe OLF re-
section were planned. This included a circumferential release of the
ossified dural plaque from surrounding normal dura to help facilitate
dural tube expansion (i.e., “floating” of the DO and OLF remnant).
Despite the intraoperative appearance of the dural tube not immedi-
ately reexpanding, postoperative imaging showed satisfactory reex-
pansion of the dural tube and cord decompression 4 months after
surgery.

Complications of OLF surgery have been summarized in a sys-
tematic review and meta-analysis by Osman et al.41 The pooled
incidence rates showed a perioperative complication rate of 35%.
Dural tears were the most common complication (18.4%), followed
by CSF leak (12.1%), infection (5.8%), and neurological deficits
(5.7%). It is unclear what distinguished a dural tear from a CSF
leak in the reviewed literature, but it is separately reported here for
historical accuracy. The meta-analysis by Osman et al. also demon-
strated that despite some improvement in Japanese Orthopedic
Association (JOA) scores, postoperative functional status remained
poor after laminectomy alone.

Another systematic review of complications42 after thoracic OLF
surgery showed that the highest mean complication rate of 19% was
due to CSF leaks, followed by a 5% mean complication rate due to
neurological deterioration. The mean recovery rate based on pre- and
postoperative JOA scores ranged from 31% to 68%. Complications of
dural tears, as opposed to CSF leaks, were excluded due to the
ambiguous distinctions as gleaned from their literature review.

In this report, we describe an Asian American female with tan-
dem spinal ligamentous ossifications becoming acutely myelopathic
as a result of thoracic tuberous subtype OLF. The pros and cons of
a maximal OLF and DO resection and associated risk of a problem-
atic CSF leak versus a somewhat less aggressive floating technique
was contemplated preoperatively. A floating technique was selected
to ideally minimize CSF leakage, with eventual pulsatile reexpan-
sion of the dural tube indirectly assisting with cord decompression.
This method assumes intradural pressures are sufficient to over-
come opposing pressure from a developing epidural pseudomenin-
gocele and/or postoperative seroma. This may not be as effective in
cases of a larger persistent CSF leak and larger epidural fluid collec-
tions. This case shows that, with a smaller pseudomeningocele and
relatively small arachnoid tear adjacent to retained but circumferentially
released DO, dural reexpansion and cord decompression are possible.
This occurred despite the immediate intraoperative observation of the
dura appearing mechanically compressed anteriorly from residual pos-
terior DO.

Although she had a satisfactory recovery, our patient eventually
required a multilevel cervical laminoplasty 20 months later for

FIG. 4. Immediate postoperative thoracic spine CT (left) shows resid-
ual plaque of “floating” DO (arrow). A 4-month postoperative thoracic
spine MRI scan (right) shows dural tube reexpansion and decompres-
sion of T10–11. A postoperative pseudomeningocele without signifi-
cant mass effect is noted.
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subsequently symptomatic cervical OPLL. Thus, the complexity of
caring for patients with OLF disorders is further illustrated.

The high incidence of spinal ligamentous ossifications in the
East Asian population is well known. Consequently, the vast major-
ity of the OLF literature and research has been reported from
China, Japan, and Korea. In 2019, the U.S. population was esti-
mated at 324,697,795, of which Asians represented 5.5%, or
approximately 17,924,209 people.43 Therefore, awareness of tho-
racic OLF as a cause of myelopathy, particularly in U.S. patients
with East Asian racial backgrounds, should be considered in the dif-
ferential diagnosis of myelopathy.

Observations
Thoracic OLF can coexist with asymptomatic cervical OPLL. Entire

spinal axis imaging should be considered in the diagnostic work-up of
myelopathy, particularly in individuals of East Asian backgrounds. A
“floating” thoracic laminectomy with circumferential release of ossified
dura and tuberous subtype OLF remnants can satisfactorily decom-
press the spinal cord in carefully selected patients. This may potentially
limit larger iatrogenic and potentially problematic dural tears/CSF leaks.
The stated observations are not unique in the Asian literature, but they
have rarely been reported in the U.S. population. MRI illustrations of
cord decompression after floating laminectomies of tuberous subtype
OLF have not been commonly reported, to our knowledge. Awareness
of tandem ossifications, and specifically OLF, is important for the North
American neurosurgical community, based on current population demo-
graphic trends.

Lessons
High surgical complication rates are associated with thoracic OLF,

with the most common being dural tears and CSF leaks, especially in
the tuberous subtype. DO commonly coexists with thoracic OLF, can
be recognized on preoperative imaging, and is associated with a high
risk of dural tears/CSF leaks. The limitation of this report is that it
describes a single patient treated with a floating laminectomy. Multiple
surgical approaches are reported for the treatment of OLF, without a
clear consensus on the optimal technique. Thus, selection of a treat-
ment approach must be individualized for any given patient.

References
1. Wiseman DB, Stokes JK, Toselli RM. Paraparesis in a black man

brought on by ossification of the ligamentum flavum: case report
and review of the literature. J Spinal Disord Tech. 2002;15(6):
542–545.

2. Suojanen JN, Lipson SJ. Spinal cord compression secondary to
ossified ligamentum flavum. J Spinal Disord. 1989;2(4):238–240.

3. Epstein NE. Ossification of the yellow ligament and spondylosis
and/or ossification of the posterior longitudinal ligament of the tho-
racic and lumbar spine. J Spinal Disord. 1999;12(3):250–256.

4. Turel MK, Kerolus MG, O’Toole JE. Ossified ligamentum flavum of
the thoracic spine presenting as spontaneous intracranial hypoten-
sion: case report. J Neurosurg Spine. 2018;28(4):401–405.

5. Xu R, Sciubba DM, Gokaslan ZL, Bydon A. Ossification of the liga-
mentum flavum in a Caucasian man. J Neurosurg Spine.
2008;9(5):427–437.

6. Liang H, Liu G, Lu S, et al. Epidemiology of ossification of the spi-
nal ligaments and associated factors in the Chinese population: a
cross-sectional study of 2000 consecutive individuals. BMC Muscu-
loskelet Disord. 2019;20(1):253.

7. Park JY, Chin DK, Kim KS, Cho YE. Thoracic ligament ossification
in patients with cervical ossification of the posterior longitudinal

ligaments: tandem ossification in the cervical and thoracic spine.
Spine (Phila Pa 1976). 2008;33(13):E407–E410.

8. Yayama T, Uchida K, Kobayashi S, et al. Thoracic ossification of
the human ligamentum flavum: histopathological and immunohisto-
chemical findings around the ossified lesion. J Neurosurg Spine.
2007;7(2):184–193.

9. Hayashi K, Ishidou Y, Yonemori K, et al. Expression and localization
of bone morphogenetic proteins (BMPs) and BMP receptors in ossi-
fication of the ligamentum flavum. Bone. 1997;21(1):23–30.

10. Kawaguchi Y, Nakano M, Yasuda T, et al. Characteristics of ossifi-
cation of the spinal ligament; incidence of ossification of the liga-
mentum flavum in patients with cervical ossification of the posterior
longitudinal ligament – analysis of the whole spine using multidetec-
tor CT. J Orthop Sci. 2016;21(4):439–445.

11. Aizawa T, Sato T, Sasaki H, et al. Thoracic myelopathy caused by
ossification of the ligamentum flavum: clinical features and surgical
results in the Japanese population. J Neurosurg Spine. 2006;5(6):
514–519.

12. Sun XZ, Chen ZQ, Qi Q, et al. Diagnosis and treatment of ossifica-
tion of the ligamentum flavum associated with dural ossification:
clinical article. J Neurosurg Spine. 2011;15(4):386–392.

13. Miyakoshi N, Shimada Y, Suzuki T, et al. Factors related to long-
term outcome after decompressive surgery for ossification of the
ligamentum flavum of the thoracic spine. J Neurosurg. 2003;99(3
suppl):251–256.

14. Hanakita J, Suwa H, Nagayasu S, Nishi S, Ohta F, Sakaida H.
Clinical analysis of ossified thoracic ligaments and thoracic disc
hernia. Article in Japanese. Neurol Med Chir (Tokyo). 1991;31(13):
936–942.

15. Maigne J, Ayral X, Gu�erin-Surville H. Frequency and size of ossifi-
cations in the caudal attachments of the ligamentum flavum of the
thoracic spine. Role of rotatory strains in their development. An
anatomic study of 121 spines. Surg Radiol Anat. 1992;14:119–124.

16. Ju JH, Kim SJ, Kim KH, et al. Clinical relation among dural adhe-
sion, dural ossification, and dural laceration in the removal of ossifi-
cation of the ligamentum flavum. Spine J. 2018;18(5):747–754.

17. Lang N, Yuan HS, Wang HL, et al. Epidemiological survey of ossifi-
cation of the ligamentum flavum in thoracic spine: CT imaging
observation of 993 cases. Eur Spine J. 2013;22(4):857–862.

18. Mori K, Kasahara T, Mimura T, et al. Prevalence, distribution, and
morphology of thoracic ossification of the yellow ligament in Japa-
nese: results of CT-based cross-sectional study. Spine (Phila Pa
1976). 2013;38(19):E1216–E1222.

19. Yang Z, Xue Y, Zhang C, Dai Q, Zhou H. Surgical treatment of
ossification of the ligamentum flavum associated with dural ossifica-
tion in the thoracic spine. J Clin Neurosci. 2013;20(2):212–216.

20. Kudo S, Ono M, Russell WJ. Ossification of thoracic ligamenta
flava. AJR Am J Roentgenol. 1983;141(1):117–121.

21. Guo JJ, Luk KDK, Karppinen J, Yang H, Cheung KMC. Prevalence,
distribution, and morphology of ossification of the ligamentum fla-
vum: a population study of one thousand seven hundred thirty-six
magnetic resonance imaging scans. Spine (Phila Pa 1976).
2010;35(1):51–56.

22. Cai HX, Yayama T, Uchida K, et al. Cyclic tensile strain facilitates
the ossification of ligamentum flavum through b-catenin signaling
pathway: in vitro analysis. Spine (Phila Pa 1976). 2012;37(11):
E639–E646.

23. Fan D, Chen Z, Chen Y, Shang Y. Mechanistic roles of leptin in
osteogenic stimulation in thoracic ligament flavum cells. J Biol
Chem. 2007;282(41):29958–29966.

24. Gao R, Shi C, Yang C, Zhao Y, Chen X, Zhou X. Cyclic stretch pro-
motes the ossification of ligamentum flavum by modulating the
Indian hedgehog signaling pathway. Mol Med Rep. 2020;22(2):
1119–1128.

4 | J Neurosurg Case Lessons | Vol 2 | Issue 10 | September 6, 2021



25. Qu X, Chen Z, Fan D, et al. Notch signaling pathways in human
thoracic ossification of the ligamentum flavum. J Orthop Res.
2016;34(8):1481–1491.

26. Nakase T, Ariga K, Yonenobu K, et al. Activation and localization of
cartilage-derived morphogenetic protein-1 at the site of ossification
of the ligamentum flavum. Eur Spine J. 2001;10(4):289–294.

27. Qu X, Chen Z, Fan D, Sun C, Zeng Y. MiR-132-3p regulates the
osteogenic differentiation of thoracic ligamentum flavum cells by
inhibiting multiple osteogenesis-related genes. Int J Mol Sci.
2016;17(8):1370.

28. Yang X, Qu X, Meng X, et al. MiR-490-3p inhibits osteogenic differ-
entiation in thoracic ligamentum flavum cells by targeting FOXO1.
Int J Biol Sci. 2018;14(11):1457–1465.

29. Kong D, Zhao Q, Liu W, Wang F. Identification of crucial miRNAs
and lncRNAs for ossification of ligamentum flavum. Mol Med Rep.
2019;20(2):1683–1699.

30. Yoon SH, Kim WH, Chung SB, et al. Clinical analysis of thoracic
ossified ligamentum flavum without ventral compressive lesion. Eur
Spine J. 2011;20(2):216–223.

31. Yu S, Wu D, Li F, Hou T. Surgical results and prognostic factors for
thoracic myelopathy caused by ossification of ligamentum flavum:
posterior surgery by laminectomy. Acta Neurochir (Wien).
2013;155(7):1169–1177.

32. Sun J, Zhang C, Ning G, et al. Surgical strategies for ossified liga-
mentum flavum associated with dural ossification in thoracic spinal
stenosis. J Clin Neurosci. 2014;21(12):2102–2106.

33. Ando K, Imagama S, Ito Z, et al. Predictive factors for a poor surgi-
cal outcome with thoracic ossification of the ligamentum flavum by
multivariate analysis: a multicenter study. Spine (Phila Pa 1976).
2013;38(12):E748–E754.

34. Li F, Chen Q, Xu K. Surgical treatment of 40 patients with thoracic
ossification of the ligamentum flavum. J Neurosurg Spine.
2006;4(3):191–197.

35. Shimamura T, Kato S, Toba T, Yamazaki K, Ehara S. Sagittal split-
ting laminoplasty for spinal canal enlargement for ossification of the
spinal ligaments (OPLL and OLF). Semin Musculoskelet Radiol.
2001;5(2):203–206.

36. Jia LS, Chen XS, Zhou SY, Shao J, Zhu W. En bloc resection of
lamina and ossified ligamentum flavum in the treatment of thoracic
ossification of the ligamentum flavum. Neurosurgery.
2010;66(6):1181–1186.

37. An B, Li XC, Zhou CP, et al. Percutaneous full endoscopic pos-
terior decompression of thoracic myelopathy caused by ossifi-
cation of the ligamentum flavum. Eur Spine J. 2019;28(3):
492–501.

38. Baba S, Oshima Y, Iwahori T, Takano Y, Inanami H, Koga H.
Microendoscopic posterior decompression for the treatment of
thoracic myelopathy caused by ossification of the ligamentum
flavum: a technical report. Eur Spine J. 2016;25(6):
1912–1919.

39. Li B, Qiu G, Guo S, et al. Dural ossification associated with ossifi-
cation of ligamentum flavum in the thoracic spine: a retrospective
analysis. BMJ Open. 2016;6(12):e013887.

40. Muthukumar N. Dural ossification in ossification of the ligamentum
flavum: a preliminary report. Spine (Phila Pa 1976).
2009;34(24):2654–2661.

41. Osman NS, Cheung ZB, Hussain AK, et al. Outcomes and compli-
cations following laminectomy alone for thoracic myelopathy due to
ossified ligamentum flavum: a systematic review and meta-analysis.
Spine (Phila Pa 1976). 2018;43(14):E842–E848.

42. Hou X, Chen Z, Sun C, Zhang G, Wu S, Liu Z. A systematic review
of complications in thoracic spine surgery for ossification of liga-
mentum flavum. Spinal Cord. 2018;56(4):301–307.

43. United States Census Bureau. 2019 American Community Survey
(ACS): 5-Year Estimates Data Profile. Accessed January 20, 2021.
https://www.census.gov/programs-surveys/acs

Disclosures
The authors report no conflict of interest concerning the materials or
methods used in this study or the findings specified in this paper.

Author Contributions
Conception and design: both authors. Acquisition of data: Uchiyama.
Analysis and interpretation of data: both authors. Drafting the article:
both authors. Critically revising the article: both authors. Reviewed
submitted version of manuscript: both authors. Approved the final
version of the manuscript on behalf of both authors: Uchiyama.

Correspondence
Christopher M. Uchiyama: Scripps Clinic Medical Group, La Jolla, CA.
uchiyama.christopher@scrippshealth.org.

J Neurosurg Case Lessons | Vol 2 | Issue 10 | September 6, 2021 | 5

https://www.census.gov/programs-surveys/acs

