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A B S T R A C T

Background: Epidermoid cysts (ECs) are rare, benign lesions which comprise less than 1 % of all 
spinal tumors. Calcification of spinal ECs is rare, and EC ossification within the lumbar spine has 
never been documented. We report the only known congenital lumbar epidermoid tumor with 
ossification and a literature review of intradural lumbar ECs.
Methods: Studies meeting the following criteria were included: 1) EC as the primary tumor type, 
2) intradural location, 3) involvement of the lumbar spinal level, and 4) primary presentation. 
Studies lacking individual patient data or published in a non-English language were excluded.
Results: A total of 172 studies were reviewed and 43 were included in analysis. Of the 83 total 
patients, 37 (45.1 %) were male and 45 (54.9 %) female, at an average age of 26 years. The L3 
and L4 spinal levels were most frequently involved. Acquired etiology was reported in 49 (59.0 
%) patients, and 24 (28.9 %) cases were congenital. Multivariate analyses demonstrated trends 
between decreased age and improved outcome, decreased delay in diagnosis and improved 
outcome, and increased extent of resection with reduced recurrence. Nine calcified spinal ECs 
were identified, with no previous report of EC ossification in the lumbar spine.
Conclusion: We present a case report of the only known ossified epidermoid tumor of the lumbar 
spine and a comprehensive literature review of 83 patients with intradural lumbar ECs. This 
review demonstrated trends between reduced age and improved outcome, reduced delay in 
diagnosis and improved outcome, and increased extent of resection with reduced recurrence.

1. Background and objective

Epidermoid tumors, or cysts, are rare, benign lesions found along the neuroaxis. These tumors are classified as congenital or 
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acquired. Congenital epidermoid cysts (EC) are believed to be inclusions of cutaneous ectoderm resulting from aberrant implantation 
of ectodermal cells during neurulation [1–8]. In the 1950s, it was discovered that ECs can also be acquired through the displacement of 
epidermal tissue into the subdural space during lumbar puncture, surgical procedures, or other trauma [1,3–5,7–12]. Most epidermoid 
tumors are located in the cranium, while a minority arise in the spine [1,3,13,14]. EC comprise less than 1 % of spinal tumors [1,2,5,8,
10,15–17] and are found most commonly in the lumbosacral spine, followed by the thoracic region [1,3,5,8,16]. These lesions are 
typically intradural within the spinal canal [5,8,16,17] and are associated with various types of spinal dysraphism, such as spina bifida, 
dermal sinuses, myelomeningocele, and diastematomyelia [1,7,10,14,17,18]. Spinal EC cases without associated congenital stigmata 
are typically located in the lumbar region [5,19].

The symptomatic presentation of spinal EC is dependent on the location and extent of involvement, but manifests as signs of spinal 
nerve or cord compression, secondary inflammation, or rupture [3,5,13,20]. The latent growth of epidermoid tumors can result in both 
delayed presentation and symptom manifestation years prior to diagnosis [5,21]. Magnetic resonance imaging (MRI) is the preferred 
imaging modality for spinal EC, and the masses are typically hypointense or isointense on T1-weighted images and hyperintense in T2 
sequences [1,6,8,12,17,22–24].

French pathologist Cruveilhier was the first to describe ECs, which he termed tumeurs perlées, or pearly tumors, for their smooth 
capsule [6,25–27]. Epidermoid cysts are histologically characterized as well-circumscribed, encapsulated tumors with a lining of 
stratified squamous epithelium surrounded by an outer collagenous layer [3,6,13,17].

Due to their slow growth rate, observation is appropriate for small, uncomplicated, and asymptomatic ECs [24]. En bloc resection is 
standard of care for the surgical treatment of symptomatic ECs to reduce the risk of recurrence and prevent aseptic meningitis, which 
results from an inflammatory reaction to the keratinous material contained within the cyts [1,2,4,6–8,18,28,29]. Total resection can be 
complicated by the tendency of epidermoid tumors to adhere to critical neurovascular structures; in these cases, preservation of 
neurological function should be a priorty [1,8,14,18,30]. We report the first known surgical case of a lumbar epidermoid cyst with a 
component of mature bone formation, and the first ossified EC within the central nervous system (CNS) with pathologic images.

Fig. 1. PRISMA Diagram outlining Systematic Review Screening Process.
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2. Methods

We present a novel case of a 55-year-old female with progressive lower back pain and paresthesia secondary to a lumbar, intradural 
epidermoid cyst. We also performed a literature review of the PubMed database following the guidelines outlined in the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [31] using the terms “lumbar,” “spine,” “spinal,” and 
“epidermoid” alone and in combination (Fig. 1). Studies that met the following criteria were included: 1) epidermoid cyst as the 
primary tumor type, 2) intradural location, 3) involvement of the lumbar spinal level, and 4) primary presentation. Studies were 
excluded if they did not report individual patient data, were published in a non-English language, or lacked an accessible full-text 
article. Patients with recurrent or malignant tumors were excluded. Associations between predictors and outcomes were evaluated 
using multivariate regression analyses. All statistical analyses were performed in RStudio [32].

2.1. Case description

Our patient was a 55-year-old female who presented with six months of severe lower back pain with left lower extremity non- 
dermatomal numbness, paresthesia, and non-focal subtle leg weakness with unsteady ambulation. She denied radiculopathy but re-
ported severe bilateral pain in her feet. MRI demonstrated a 2-cm intradural, T2 mixed-intensity lesion at the level of L2-3 with a 
minimal focal area of contrast enhancement (Fig. 2). The patient denied any history of lumbar puncture, trauma, or spinal surgeries.

Intraoperatively, after laminectomy and dural opening, a hard lesion with a focal area of soft, flakey tumor was identified. The firm 
portion circumferentially encased a traversing nerve root. A trough was painstakingly drilled through the ossification using ultrasonic 
aspiration to release the nerve (Fig. 3). After gross total resection of the tumor (Figs. 3 and 4), the intradural space was copiously 
irrigated with hydrocortisone irrigation, and the dura was closed in watertight fashion. Pathology demonstrated stratified squamous 
epithelium and loose keratin, consistent with the contents of an epidermoid cyst. In addition, the firm tumor portion demonstrated 
ossification with mature bone (Fig. 5). No atypia or signs of malignancy were appreciated on histology. Postoperatively, the patient 
experienced resolution of her pain, normalized sensation, and improved strength and ambulation.

Fig. 2. (A) Preoperative T1-weighted MRI demonstrating minimal contrast enhancement on sagittal (left) and axial (right) imaging. (B) Preop-
erative T2-weighted MRI demonstrating mixed signal intensity on sagittal (left) and axial (right) imaging.
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3. Results

3.1. Intradural epidermoid cysts of the lumbar spine

Of the 172 studies returned by the literature search, 43 publications were included in analysis. Individual patient data was available 

Fig. 3. (A) Intradural lumbar epidermoid with ossification circumferentially encasing traversing nerve root. (B) Intradural lumbar epidermoid with 
trough drilled through the ossification to release the traversing nerve root. (C) Gross total resection of intradural lumbar epidermoid with 
decompressed nerve roots.

Fig. 4. Postoperative T2-weighted MRI demonstrating gross total resection on sagittal imaging.
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for 83 patients with intradural lumbar ECs. The average patient age was 26 years (range: 4 months to 69 years), with a slight female 
preponderance (55 % female, 45 % male). The most frequently involved spinal levels were L3 and L4, each with 38 (25.9 %) cases. On 
presentation, 44 (53.0 %) patients reported back pain, 43 (51.8 %) lower extremity pain (including hip pain), 41 (49.4 %) sensory or 
motor neurologic deficit, 21 (25.3 %) bowel/bladder dysfunction, and 11 (13.3 %) with gait dysfunction.

Acquired etiology was reported in 49 (59.0 %) patients, and there were 24 (28.9 %) cases of congenital origin. The tumor etiology 
was unclear in 10 (12.0 %) patients. Spinal dysraphism or other associated congenital anomalies were recorded in 13 (15.7 %) in-
dividuals. Prior lumbar puncture was noted in 43 patients (51.8 %), lumbar surgery in six (7.2 %) cases, and lumbar discography in one 
(1.2 %). The average time from lumbar puncture to diagnosis in relevant cases was 77.5 months (median of 72.0 months). Adherence 
to nearby structures was observed during the operation in 30 (36.1 %) cases. No cases of associated ossification were identified. One 
(1.2 %) patient in the cohort presented with chemical meningitis secondary to ruptured EC and died before undergoing resection. The 
remaining patients all underwent surgical resection as the primary treatment.

The average delay to diagnosis (time from onset of symptoms to diagnosis) was 24.6 months (median: nine months, range: 0.1–180 
months), and the average last follow-up visit was at 48.7 months (median: 32.0 months, range: 0.5–209 months). No significant as-
sociation was found between outcome and age, spinal level, adherence, or delay in diagnosis. However, trends were noted between 
decreasing age and improved outcome (p = 0.031), reduced delay in diagnosis and improved outcome (p = 0.095), and increased 
extent of resection with reduced recurrence (p = 0.058).

3.1.1. Calcified or ossified epidermoid cysts along the neuroaxis
In a 2023 query of the full-text English literature in PubMed, calcification was noted in 49 cases of intracranial ECs and nine cases of 

spinal ECs. Of the spinal calficiations, no cases involved the cervical spine, two involved thoracic levels, six involved the lumbar region, 
and one was solely located within the sacrum (Table 1) [23,33–40]. Only two documented instances of CNS epidermoid cysts with 
ossification were identified, both appearing in the same 1986 case series. The first was a 54-year-old woman who presented with 
progressively worsening leg pain and weakness, and a T10-11 extradural mass with intradural erosion was identified. The resected 
mass was histologically consistent with an epidermoid cyst and was reported to have “perivascular ossification.” The second patient 
was a 55-year-old woman with six months of leg weakness who was found to have an extradural T11 lesion. Pathology was described as 
having “ossifying debris, similar to that seen in Patient 1.” However, no ossification was noted on the published pathology image.

4. Discussion

We present a novel case of an intradural lumbar epidermoid cyst with mature bone formation. Calcified epidermoid cysts are rare, 
with a vague incidence due to lack of large studies. The combined incidence of cranial and spinal ECs with calcified components ranges 
from 4 to 25 %, with a predominance of calcification in cranial rather than spinal EC [37,41–46]. We identified a total of nine spinal 
ECs with calcified components in the English literature to date.

Fig. 5. (A) Gross pathology of soft keratin and hard ossified portions of the epidermoid. (B) Gross pathology of soft keratin of the epidermoid. (C) 
Histological slide at 40x shows a cyst wall lined by reactive squamous epithelium (arrows) with loose keratin (star). (D) Histological slide at 10x 
shows mature lamellar bone (stars) and lacunae with osteocytes (arrows).
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Table 1 
Spinal epidermoid cysts with calcified component in the literature with patient history and treatment outcome. These cases were identified from articles selected from the PubMed database according to 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Patient Demographics

Author, Year Age 
(yr)

Gender Level Congenital/ 
Acquired

Prior 
LP

Time from 
LP (mo)

Presenting 
Symptoms

Delay to 
Diagnosis (mo)

Treatment Extent of 
Resection

Adherence Follow-up 
(mo)

Outcome Recurrence

Willinsky, 
198670

54 F T10- 
T11

a No – LEP, MD, SD 72 resection – – – PR –

Demaerel, 
199416

9 M L1-L3 a Yes 96 BP – resection – – – GR –

Lai, 200533 49 M L1-L3 – No – LEP, MD 192 resection STR Yes – – –
Miyake, 

200538
61 F L4 a Yes 168 BP, SD 180 resection GTR Yes – – –

Morita, 
201239

45 F L4 a Yes 120 LEP, SD – resection GTR Yes 52 WR No

Mishra, 
201537

14 M T5 c No – BP, MD, SD, 
BBD

4 resection STR Yes 6 – –

Agrawal, 
20191

32 F L1-L3 c – – MD, BBD 12 resection – Yes 6 PR Yes

Phuyal, 
202056

36 M sacral a No – BP, LEP, BBD – biopsy – – – – –

Katayama, 
202229

24 F L5-S1 c No – BP, SD 3 resection GTR No 24 – –

yr, year; a, acquired; c, congenital; LP, lumbar puncture; mo, month; BP, back pain; LEP, lower extremity pain; MD, motor deficit; SD, sensory deficit; BBD, bowel/bladder dysfunction; STR, subtotal 
resection; GTR, gross total resection; PR, partial recovery; GR, good recovery; WR, worse recovery.
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It is essential to differentiate the processes of calcification and ossification. Calcification involves the accumulation of calcium salts 
within tissue, whereas ossification pertains to new bone formation [47–49]. These processes are challenging to distinguish on imaging 
due to subtle deviation in structure, particularly when using MRI [47–50]. Ossification itself is characterized by distinct mechanisms of 
bone formation, termed endochondral and intramembranous ossification. Endochondral ossification involves the formation of a 
cartilage matrix, which is calcified to form mature bone [47,51–53]. In intramembranous ossification, bone is formed without a 
cartilage template; mesenchymal cells differentiate into osteoblasts, which secrete bone matrix and eventually develop into osteocytes 
[47,54,55]. Pathologic ossification seen in tumors not derived from bony tissue is termed heterotopic ossification, or bone formation 
outside the skeleton [56]. Theories of heterotopic ossification include tumor factor driven metaplasia of pluripotent stem cells into 
osteoblasts (epithelial-mesenchymal transition, or EMT) and osteoblastic metaplasia of tumor cells [56–58]. However, the etiology of 
ossification within epidermoid cysts is unclear.

5. Literature review

Individual data was available for 83 patients with intradural lumbar ECs.
Of the lesions with reported spinal level, 52 % involved the L3 and/or L4 level. The predominance of the L3 and L4 levels is 

supported by the association of lumbar puncture with the etiology of iatrogenic ECs [1,9,11,59], along with the findings that a majority 
(67 %) of our cases were acquired and 52 % of patients underwent prior lumbar puncture. The percentage of patients with iatrogenic 
ECs in our cohort is somewhat higher than previously reported values of around 40 % [1,11]. The reason for this is unclear, however 
may stem from a late 20th-century emphasis on lumbar puncture as an iatrogenic etiology of EC, followed by other causes of iatrogenic 
EC, such as trauma or surgery. The average time from lumbar puncture to diagnosis in our review was 6.5 years, which is consistent 
with an average of six years in a report by Manno et al. [11].

Few patients (16 %) in our cohort had associated congenital anomalies such as spinal dysraphism, which is consistent with previous 
reports. While spinal ECs are associated with spinal dysraphism [1,7,10,14,17,18], those without congenital anomalies are commonly 
located in the lumbar region [5,19]. Rupture of the cyst can result in an inflammatory reaction [20,24,28,29,60], and potentially fatal 
meningitis. This can occur spontaneously or during resection; to prevent iatrogenic meningitis, en-bloc resection of the tumor is 
recommended [1,61,62]. However, epidermoid cysts have a tendency to adhere to critical anatomy [30,63–65], which may preclude 
total resection and increase the risk of recurrence [1,8,14,18,30,63,64,66]. In our case, the epidermoid tumor was circumferentially 
encasing a traversing nerve root. Adherence was reported in 36 % of the cases in our literature review.

Epidermoid cysts exhibit a latent growth pattern with a gradual onset of signs and symptoms, which are characterized by symptoms 
of nerve or cord compression. The wide range of differential diagnoses for these symptoms often precludes prompt diagnosis of an EC. 
The average delay to diagnosis in our review was two years, similar to the findings reported by Sirbu et al. in a 2020 review of 139 
spinal ECs [1]. The most common symptoms in our review were back pain (53 %), lower extremity pain (52 %), neurologic deficits (49 
%), and bowel/bladder dysfunction (25 %). The average last reported follow-up period for our review was four years (median of three 
years). However, follow-up data was reported in only 50 (60 %) patients, and the follow-up period may be an underestimate, as most of 
the included articles were case reports. Authors tend to publish case report findings soon after the patient encounter, rather than wait 
for a significant follow-up period.

No significant predictive factors were identified for outcome or recurrence. This is likely due to insufficient data, resulting in 
reduced sample sizes for the studied correlations. In addition, the characterization of outcomes likely played a role, as most patients in 
the cohort had a full recovery in the postoperative period. It is unclear if this indicates an inclination to publish cases with favorable 
outcomes, or if this observation is a reflection of the latent growth pattern of ECs and a good prognosis with resection. Nevertheless, 
trends were noted between decreased age and improved outcome, reduced delay in diagnosis and improved outcome, and increased 
extent of resection with reduced recurrence. Future studies with larger sample sizes, more specific reporting and characterization of 
postoperative outcomes, and more complete data on long-term outcomes of patients should be performed to validate these trends 
towards correlation.

A correlation between calcification and recurrence has been documented in prior studies [45], which may be related to a potential 
association between adherence and calcification. Our intraoperative observations and previous reports suggest that there is a tendency 
for the dense calcified/ossified component of an EC to adhere to nearby structures [39,67,68]. However, it is unclear if this can be 
distinguished from the adherent qualities of ECs at baseline, or if other factors involved in the calcification process independently 
increase the risk for recurrence.

Multiple theories have been postulated regarding the development of calcification within epidermoid cysts. This calcification has 
been thought to be due to either saponification of cystic components causing dystrophic calcification, or high protein content sec-
ondary to liquefactive necrosis [37,39,42]. Complete ossification of ECs have also been reported at other sites. There are many reports 
of calcification and ossification of scrotal ECs resulting in calcinosis cutis, thought to result from dystrophic calcification of an 
epidermoid tumor involving chronic inflammation and eventual rupture of the cyst [24,69–71]. Cutaneous ossification of ECs has also 
been reported [72–75], with proposed etiologies of anomalous mesenchymal cell differentiation into osteoblasts (metaplasia) or 
displaced embryonic cells resulting in hamartoma formation [73,75]. It is unclear if ECs of different primary sites undergo the same 
process of heterotopic ossification. Further molecular analysis of ECs from various tissue sites is required to determine the true 
mechanism(s) of ossification in epidermoid tumors.

The presented case is unique due to the rarity of spinal epidermoid cysts and the presence of ossification with mature bone within 
the cyst, which has only been vaguely reported once before in the neuroaxis, and never with accompanying pathological slides. Future 
research should be conducted to elucidate the etiology of ossification within ECs. Large-scale studies are required to evaluate the trends 
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identified in our review and better define the incidence, prognostic factors, and long-term outcomes of calcified or ossified epidermoid 
cysts.

6. Conclusion

We report the first known case of a lumbar spinal epidermoid cyst with a component of mature bone formation, and the first ossified 
EC within the CNS with pathologic images. A review of the available literature demonstrated trends towards association between 
younger age and improved outcome, reduced delay in diagnosis and improved outcome, and increased extent of resection with reduced 
recurrence. Early diagnosis and gross total resection should be the aim in the management of epidermoid tumors. The finding of 
complete ossification calls for future investigation to determine the etiology and significance of mature bone formation within these 
rare tumors.
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[28] A. Pampliega-Pérez, C. Martín-Estefanía, M. Caballé-Tura, J. Portilla-Sogorb, M. Alvarez-Saúco, [Aseptic meningitis caused by the rupture of an epidermoid 

cyst], Rev. Neurol. 37 (3) (2003) 221–224.
[29] A. Cherian, N.N. Baheti, H.V. Easwar, D.S. Nair, T. Iype, Recurrent meningitis due to epidermoid, J. Pediatr. Neurosci. 7 (1) (2012) 47–48.
[30] M.M. Pop, D. Bouros, A. Klimko, I.A. Florian, I.S. Florian, Intracranial epidermoid cysts: benign entities with malignant behavior: experience with 36 cases, Sci. 

Rep. 13 (1) (2023) 6474.
[31] M.J. Page, J.E. McKenzie, P.M. Bossuyt, I. Boutron, T.C. Hoffmann, C.D. Mulrow, L. Shamseer, J.M. Tetzlaff, E.A. Akl, S.E. Brennan, R. Chou, J. Glanville, J. 

M. Grimshaw, A. Hrobjartsson, M.M. Lalu, T. Li, E.W. Loder, E. Mayo-Wilson, S. McDonald, L.A. McGuinness, L.A. Stewart, J. Thomas, A.C. Tricco, V.A. Welch, 
P. Whiting, D. Moher, The PRISMA 2020 statement: an updated guideline for reporting systematic reviews, BMJ 372 (2021) n71.

[32] RStudio Team, RStudio, Integrated Development for R, Boston, MA, 2020.
[33] R.A. Willinsky, C.H. Tator, A.J. Lewis, P.W. Cooper, E.E. Kassel, Epidermoid tumor: an unusual cause of ossification within the spinal canal, Can. Assoc. Radiol. 

J. 37 (1) (1986) 56–59.
[34] S. Phuyal, A. Prabhakar, P. Balasundaram, P. Gaikwad, Post-traumatic sacral epidermoid cyst masquerading as chordoma on imaging: a case report, JNMA J 

Nepal Med Assoc 58 (223) (2020) 192–194.
[35] S.S. Mishra, M.C. Satapathy, R.C. Deo, S.R. Tripathy, S.B. Senapati, Isolated thoracic (D5) intramedullary epidermoid cyst without spinal dysraphism: a rare case 

report, J. Pediatr. Neurosci. 10 (2) (2015) 133–136.
[36] S.W. Lai, W.P. Chan, C.Y. Chen, J.C. Chien, J.S. Chu, W.T. Chiu, MRI of epidermoid cyst of the conus medullaris, Spinal Cord 43 (5) (2005) 320–323.
[37] S. Katayama, C. Ushiku, T. Ikegami, T. Inoue, A. Shinohara, T. Kajiwara, D. Arimura, S. Akiyama, S. Katsumi, S. Obata, S. Soshi, M. Saito, Intraspinal epidermoid 

cyst with calcification: a case report, Spine Surg Relat Res 6 (5) (2022) 569–572.
[38] P. Demaerel, P. Casaer, F. van Calenbergh, P. Knapen, G. Wilms, C. Plets, A. Baert, Iatrogenic spinal epidermoid tumour associated with tuberous sclerosis. A 

diagnostic pitfall, J. Neuroradiol. 21 (4) (1994) 270–273.
[39] M. Agrawal, S.S.K. Gour, S.A. Borkar, Unusual calcification in intramedullary epidermoid cyst, World Neurosurg 126 (2019) 99–100.
[40] M. Morita, A. Miyauchi, S. Okuda, T. Oda, H. Aono, M. Iwasaki, Intraspinal epidermoid tumor of the cauda equina region: seven cases and a review of the 

literature, J. Spinal Disord. Tech. 25 (5) (2012) 292–298.
[41] C. Nagashima, M. Takahama, A. Sakaguchi, Dense cerebellopontine epidermoid cyst, Surg. Neurol. 17 (3) (1982) 172–177.
[42] M. Aribandi, N.J. Wilson, CT and MR imaging features of intracerebral epidermoid–a rare lesion, Br. J. Radiol. 81 (963) (2008) e97–e99.
[43] R.A. Zimmerman, L.T. Bilaniuk, C. Dolinskas, Cranial computed tomography of epidermoid and congenital fatty tumors of maldevelopmental origin, J. Comput. 

Tomogr. 3 (1) (1979) 40–50.
[44] A.H. Karantanas, MR imaging of intracranial epidermoid tumors: specific diagnosis with Turbo-FLAIR pulse sequence, Comput. Med. Imag. Graph. 25 (3) (2001) 

249–255.
[45] V.C. Jha, A. Shrivastava, N. Jha, S. Rewatkar, S.K. Singh, Analysis of giant intraventricular and extraventricular epidermoids, defining risk factors for 

recurrence, an institutional experience, Asian J Neurosurg 16 (2) (2021) 326–334.
[46] A. Goel, D. Muzumdar, K. Desai, Anterior tentorium-based epidermoid tumours: results of radical surgical treatment in 96 cases, Br. J. Neurosurg. 20 (3) (2006) 

139–145.
[47] E.J. O’Brien, C.B. Frank, N.G. Shrive, B. Hallgrimsson, D.A. Hart, Heterotopic mineralization (ossification or calcification) in tendinopathy or following surgical 

tendon trauma, Int. J. Exp. Pathol. 93 (5) (2012) 319–331.
[48] E.D. Chan, D.V. Morales, C.H. Welsh, M.T. McDermott, M.I. Schwarz, Calcium deposition with or without bone formation in the lung, Am. J. Respir. Crit. Care 

Med. 165 (12) (2002) 1654–1669.
[49] R.M. Kwee, T.C. Kwee, Calcified or ossified benign soft tissue lesions that may simulate malignancy, Skeletal Radiol. 48 (12) (2019) 1875–1890.
[50] R. Strumia, A.R. Lombardi, E. Altieri, The petrified ear–a manifestation of dystrophic calcification, Dermatology 194 (4) (1997) 371–373.
[51] G. Karsenty, E.F. Wagner, Reaching a genetic and molecular understanding of skeletal development, Dev. Cell 2 (4) (2002) 389–406.
[52] N. Ortega, D.J. Behonick, Z. Werb, Matrix remodeling during endochondral ossification, Trends Cell Biol. 14 (2) (2004) 86–93.
[53] H.M. Kronenberg, Developmental regulation of the growth plate, Nature 423 (6937) (2003) 332–336.
[54] C.J. Percival, J.T. Richtsmeier, Angiogenesis and intramembranous osteogenesis, Dev. Dynam. 242 (8) (2013) 909–922.
[55] L.A. Opperman, Cranial sutures as intramembranous bone growth sites, Dev. Dynam. 219 (4) (2000) 472–485.
[56] H. Nagano, T. Togawa, T. Watanabe, K. Ohnishi, T. Kimura, A. Iida, S. Noriki, Y. Imamura, Y. Sato, T. Goi, Heterotopic ossification in lymph node metastasis 

after rectal cancer resection: a case report and literature review, World J. Surg. Oncol. 19 (1) (2021) 2.
[57] B.J. Noh, Y.W. Kim, Y.K. Park, A rare colon cancer with ossification: pathogenetic analysis of bone formation, Ann. Clin. Lab. Sci. 46 (4) (2016) 428–432.
[58] R.S. Huang, R.E. Brown, J. Buryanek, Heterotopic ossification in metastatic colorectal carcinoma: case report with morphoproteomic insights into the 

histogenesis, Ann. Clin. Lab. Sci. 44 (1) (2014) 99–103.
[59] S.J. Halcrow, P.J. Crawford, A.W. Craft, Epidermoid spinal cord tumour after lumbar puncture, Arch. Dis. Child. 60 (10) (1985) 978–979.
[60] Y.K.C. Chua, E. Choi, Q. Ahmed, T.T. Yeo, W.P.K. Ng, Conservative management of aseptic meningitis from rupture of brainstem epidermoid cyst (P6.021), 

Neurology 90 (15 Supplement) (2018). P6.021.
[61] A. Kumar, P. Singh, P. Jain, C.M. Badole, Intramedullary spinal epidermoid cyst of the cervicodorsal region: a rare entity, J. Pediatr. Neurosci. 5 (1) (2010) 

49–51.
[62] S.J. Balaparameswara Rao, H. Bhaliya, J. Parthiban, Lumbar intramedullary epidermoid following repair of sacral myelomeningocele and tethered cord: a case 

report with a review of the relevant literature and operative nuances, Neurospine 16 (2) (2019) 373–377.
[63] H. Hasegawa, K. Vakharia, L.P. Carlstrom, J.J. Van Gompel, C.L.W. Driscoll, M.L. Carlson, F.B. Meyer, M.J. Link, Long-term surgical outcomes of intracranial 

epidermoid tumors: impact of extent of resection on recurrence and functional outcomes in 63 patients, J. Neurosurg. 136 (6) (2022) 1592–1600.

G.E.A. Hovis et al.                                                                                                                                                                                                     Heliyon 10 (2024) e37093 

9 

http://refhub.elsevier.com/S2405-8440(24)13124-6/sref16
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref16
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref17
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref17
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref18
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref19
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref19
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref20
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref20
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref21
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref22
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref22
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref23
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref24
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref26
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref26
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref27
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref27
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref28
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref28
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref29
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref30
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref30
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref31
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref31
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref31
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref32
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref33
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref33
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref34
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref34
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref35
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref35
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref36
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref37
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref37
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref38
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref38
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref39
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref40
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref40
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref41
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref42
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref43
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref43
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref44
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref44
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref45
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref45
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref46
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref46
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref47
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref47
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref48
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref48
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref49
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref50
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref51
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref52
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref53
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref54
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref55
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref56
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref56
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref57
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref58
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref58
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref59
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref60
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref60
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref61
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref61
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref62
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref62
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref63
http://refhub.elsevier.com/S2405-8440(24)13124-6/sref63


[64] C.V. Gopalakrishnan, K.A. Ansari, S. Nair, G. Menon, Long term outcome in surgically treated posterior fossa epidermoids, Clin. Neurol. Neurosurg. 117 (2014) 
93–99.

[65] J. Ulrich, Intracranial Epidermoids, A study on their distribution and spread, J. Neurosurg. 21 (1964) 1051–1058.
[66] A. Talacchi, F. Sala, F. Alessandrini, S. Turazzi, A. Bricolo, Assessment and surgical management of posterior fossa epidermoid tumors: report of 28 cases, 

Neurosurgery 42 (2) (1998) 242–251. ; discussion 251-2.
[67] F.H. Chowdhury, M.R. Haque, M.H. Sarker, Intracranial epidermoid tumor; microneurosurgical management: an experience of 23 cases, Asian J Neurosurg 8 (1) 

(2013) 21–28.
[68] H. Goto, K. Adachi, Y. Yoshida, O. Yamamoto, Epidermal cyst with ossification: a patient report, Yonago Acta Med. 57 (1) (2014) 59–60.
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